From: Mcnutt, Jan (HQ-MC000)

Sent: Thursday, April 16, 2009 11:48 AM

To: Robert Adams-OTG

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

Attachments: Optima Claim Response Letter.pdf

Dr. Adams,

Please refer to the attached document.
Please respond to this email that you have received the attached document.

Regards,

Jan S. McNutt

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

U
T Y

CE—

From: Robert Adams-OTG

Sent: Thursday, April 16, 2009 11:05 AM
To: Mcnutt, Jan (HQ-MCO000)

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

16APR0O9Y
Jan,
Can you please provide me an update as to this matter?

Dr. Adams

From: Robert Adams-OTG AN

Sent: Tuesday, March 10, 2009 8:11 AM
To: 'McNutt, Jan (HQ-MCO00)'
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

10MARQ9

Jan,



Can you please provide me an update as to this matter?

Dr. Adams

From: McNutt, Jan (HQ-MC0O00) i
Sent: Friday, February 20, 2009 2:07 PM

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

Dr. Adams,
Thank you for your email concerning the new licensees and thank you for your patience. We are awaiting for one final

communication from one of our sources that will allow us to come to a final decision and that source has indicated they
are working to get us an answer by next week.

Regards,

Jan S. McNutt
Senior Attorney (Commercial)

From: Robert Adams-OTG

Sent: Thursday, February 12, 2009 5:35 PM

To: McNutt, Jan (HQ-MC000)

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

Jan,

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

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

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

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

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

Thank you,

Robert

From: McNutt, Jan (HQ—MCOOO)m]
Sent: Thursday, January 22, 2009 1:16 PM

To: Robert Adams-OTG
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.
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Dr. Adams,
W
Regards, (b) ( {\

Jan S. McNutt
Senior Attorney ( Commercial)

From: Robert Adams-OTG (N, ( b) C(,\
Sent: Saturday, December 27, 2008 7:27 PM

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

Mr. McNutt,

Please advise us as to our progress of settlement on this matter and NASA taking a license of our patented technology.

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

Dr. Adams

From: Robert Adams-OTG (R (b} Cb)

Sent: Friday, October 03, 2008 5:18 AM

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

Mr. McNutt,

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

Dr. Adams

e, o (HMCE00) . Q@((D I

Sent: Wednesday, October 01, 2008 7:58 AM
To: Robert Adams-OTG
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Dear Mr. Adams,

(&(@ t Qb\g)
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Regards,



Jan S. McNutt

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

.
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—

This document, including any attachments, contains information that may be confidential, protected by the attorney-client or
other applicable privileges, or constitutes non-public information. All content is intended only for the designated recipient(s).
If you are not an intended recipient of this information or have received this message inadvertently, please take appropriate
steps to destroy this content in its entirety and notify the sender of its destruction. Use, dissemination, distribution, or
reproduction of this information by unintended recipients or in 2 manner inconsistent with its provision is not authorized and

may be unlawful.

From: Robert Adams-OTG |—G—G———— () )
Sent: Tuesday, September 30, 2008 1:04 PM

To: McNutt, Jan (HQ-MCO000)
Subject: FW: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

GEEE——— (5\(*3

From: Robert Adams-OTG | ) ( b) (‘o X
Sent: Monday, August 25, 2008 3:48 PM
To: 'McNutt, Jan (HQ-MC000)'; 'emesmeiiigeamuue

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

Sent via U.S. Mail with tracking number

Jan S. McNutt,

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

Dr. Robert Adams - CEO
Optima Technology Group 3

—

Simply Smarter, Encryption & Aerospace Solutions since 1990! The information contained in this e-mail and
any attachments are legally privileged and confidential. If you are not an intended recipient, you are hereby notified
that any dissemination, any and all distribution or copying of this e-mail is strictly prohibited without the prior consent of
Optima Technology Group (sender). If you have received this e-mail in error, please notify the sender and permanently
delete the e-mail and any attachments immediately. You should not retain, copy or use this e-mail or any attachment for
any purpose, nor disclose all or any part of the contents to any other person. Thank you.

4 Piudo
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Repty tc Attn of:

National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

March 19, 2009
Office of the General Counsel CERTIFIED MAIL

Dr. Robert Adams, CEO
Optima Technology Group

C— () (6}

RE: Administrative Claim for Infringement of US Patent No. 5,904,724;
NASA Case No. I-222

Dear Dr. Adams:

This letter concerns the above-identified administrative claim for patent infringement.

* NASA received the initial notification of this claim in an email dated May 12, 2003, from

Mr. Jed Margolin addressed to attorneys at the NASA Langley Research Center claiming
that “NASA may have used one or more of [Mr. Margolin’s] patents in connection with the
X-38 project and may be using one or more of my patents in other projects using Synthetic
Vision”. Mr. Margolin identified two patents that he believed NASA may be infringing; the
subject patent and Patent No. 5,566,073. On June 7, 2003, Mr. Margolin submitted his
claim by fax to the NASA HQ attomey, Mr. Alan Kennedy. Mr. Kennedy responded by
letter dated June 11, 2003 acknowledging the administrative claim and requesting that Mr.
Margolin give a more detailed breakdown of the exact articles or processes that constitute
the claim. Mr. Margolin responded by letter dated June 17, 2003, withdrawing his claim
with regard to U.S. Patent No. 5,566,073, leaving the remaining claim for the subject patent.
NASA is aware of the long pendency of this matter and we regret the delay.

On July 14, 2008 Optima Technology Group sent a letter addressed to Mr. Kennedy stating
that they were the owners of the Jed Margolin patents due to an assignment and requesting
that NASA now license the technology of the subject patent. With an email dated Aligust 6,
2008 from Optima, NASA received a copy of a Patent Assignment, dated J uly 20, 2004,
executed by Jed Margolin, the sole inventor on the subject patent, by which the entire ri ght,
title and interest in the patent has been assigned to Optima Technology Group, Inc. We
previously noted in a letter dated August 20, 2008 from Mr. Jan McNutt of our office
addressed to you that NASA believes there are certain irregularities surrounding this and
collateral assignment documents associated with the subject patent. However, NASA will at
this time forestall a detailed consideration of that issue. Instead, we will assume your bona
fides in asserting that you are the legitimate owner of the subject patent and communicate

Giitdg:



our findings directly with you. To the extent that Mr. Margolin has any interest in this
matter, formally or informally, we will leave it up to you whether or not to communicate

with him.

In light of the prior claim by Mr. Margolin, we consider your license proffer as an
administrative claim of patent infringement. We tumn now to the substance of your claim.
In response to your initial letter dated July 14, 2008, Mr. McNutt’s August 20, 2008 letter
posed a number of questions, the purpose of which was to enable NASA to fully evaluate
the details of your claim. Your organization failed to respond to these questions and,
further, advanced the position that this matter does not involve a new claim (Adams letter to
McNutt, August 25, 2008). We disagree that this is not a new claim. Nevertheless, NASA
proceeds — in order to bring closure to this matter — on the basis that this claim centers
around allegations that infringement arose from activities associated with NASA’s X-38
Program, as advanced by Mr. Margolin. Accordingly, our investigation of this claim
necessarily reflects the answers previously furnished by Mr. Margolin in response to
NASA’s June 11, 2003 letter to him containing substantially the same set of questions.

U.S. Patent No. 5,904,724 issued with twenty claims, claims 1 and 13 being the sole
independent claims.

In order for an accused device to be found infringing, each and every limitation of the claim
must be met by the accused device. To support a finding of literal infringement, each
limitation of the claim must be met by the accused device exactly, any deviation from the
claim precluding a finding of infringement. See Lantech, Inc. v. Keip Mach. Co., 32 F.3d
542 (Fed. Cir. 1994). If an express claim limitation is absent from an accused product, there
can be no literal infringement as a matter of law. See Wolverine World Wide, Inc. v. Nike,

Inc., 38 F.3d 1192, 1199 (Fed. Cir.1994).

In applying these legal precepts, reproduced below are the relevant portions of claims 1 and
13.

Claim 1. A system comprising:
* % &
a computer
L
said computer is. . .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 delay time.

(emphasis added.)

Claim 13. A station for flying a remotely piloted aircraft that is real or simulated comprising:

LR ]
a computer

L B



said computer. . . to determine a delay time for communicating. . .flight control information
between said computer and [a] remotely piloted aircraft, and said computer to adjust the
sensitivity of [a] set of remote flight controls based on said delay time. . . .(emphasis added.)

NASA has investigated activities surrounding the X-38 program at its Centers that
conducted X-38 development efforts and has determined that no infringement has occurred.
This result is competled because none of NASA’s X-38 implementations utilized a computer
which is “for determining a delay time for communicating said flight data between said
computer and said remotely piloted aircraft,” as required by claim 1, nor a “computer ... to
determine a delay time for communicating ... flight control information between said
computer and {a] remotely piloted aircraft,” as required by the limitations of claim 13.

Given that a computer which measures delay time is lacking from the NASA X-38
configuration, it follows that the NASA X-38 configuration had no “adjusting of the
sensitivity of [a] set of one or more remote flight controls based on said delay time”, as
required in claim 1. Similarly, because the NASA X-38 configuration had no “computer to
determine a delay time for communicating ... flight control information between said
computer and [a] remotely piloted aircraft, the configuration also had no adjusting of “the
sensitivity of [a] set of remote flight controls based on said delay time”, as called for by
claim 13.

For at least the above-explained exemplary reasons, claims 1 and 13 have not been

- infringed. It is axiomatic that none of the dependent claims may be found infringed unless
the claims from which they depend have been found to be infringed. Wahpeton Canvas Co.
v. Frontier, Inc., 870 F.2d 1546 (Fed. Cir. 1989). One who does not infringe an independent
claim cannot infringe a claim dependent on, and thus containing all the limitations of, that
claim. /d. Thus, none of claims 2-12 and 14-20 have been infringed.

NASA’s X-38 development efforts ended in 2002. There may also be other features in
NASA’s X-38 development efforts that, upon further analysis, would reveal yet more recited
claim limitations that are lacking in the NASA configuration related to those efforts.

We also note as a point of particular significance that the limitations included in claims 1
and 13 discussed above were added by amendment during the prosecution of the patent
application. It is clear from an analysis of the patent application file wrapper history that the
individual prosecuting the application stressed the importance of “the measurement of a
communication delay in order to adjust the sensitivity of flight controls based on that delay.”
Also noted is the distinguishing arguments that these claims require that there be a
“computer ... located in the pilot station™ and that “at least one real time measurement of the
delay and some adjustment is contemplated.” (See Applicant’s Amendment and Remark,
February 27, 1998 and Response Under 37 C.F.R. § 1.116, July 6, 1998). Clearly, the Patent
Office Examiner allowed the application based on these prosecutorial arguments.

We have completed our investigation regarding the claim of patent infringement of U.S.
Patent No. 5,904,724 and have determined that there is no patent infringement by, or
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unauthorized use on behalf of, NASA. The above detailed discussion explains the basis for
NASA’s analysis and decision regarding the subject administrative claim,

As an aside, during NASA’s investigation, numerous pieces of evidence were uncovered
which would constitute anticipatory prior knowledge and prior art that was never considered
by the U.S. Patent and Trademark Office during the prosecution of the application which
matured into Patent No. 5,904,724. In view of the clear finding of lack of infringement of
this patent, above, NASA has chosen to refrain from a discussion that would demonstrate, in
addition to non-infringement, supra, invalidity of the subject patent. However, NASA
reserves the right to introduce such evidence of invalidity in an appropriate venue, should
the same become necessary.

This is a FINAL agency action and constitutes a DENIAL of the subject administrative
claim for patent infringement.

Pursuant to 35 U.S.C. § 286, the statute of limitations for the filing of an action of patent
infringement in the United States Court of Federal Claims is no longer tolled. Thus, any
further appeal of this decision must be made by filing a claim for patent infringement in the
United States Court of Federal Claims, pursuant to 28 U.S.C. § 1493(a).

Gary G. Borda
Agency Counsel for Intellectual Property
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From: Mcnutt, Jan (HQ-MCO000)

Sent: Thursday, April 16, 2009 12:36 PM

To: Borda, Gary G. (HQ MCO000); Graham, Courtney B. (HQ-MC000); Rotella, Robert F. (HQ-
MC000)

Cc: Bayer, Kathy (HQ-MCO000)

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

g ()5

From: Robert Adams-OTG | S (p) ( z)

Sent: Thursday, April 16, 2009 12:05 PM
To: Mcnutt, Jan (HQ-MC000) .
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Jan,

As of today we are in receipt of said documents you just sent us and have never received them nor viewed them till
today.

Dr. Adams

From: Mcnutt, Jan (HQ-MCO00) _—- (b)(e)
Sent: Thursday, April 16, 2009 11:48 AM

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

Dr. Adams,
Please refer to the attached document.

Please respond to this email that you have received the attached document.
Regards,

Jan S. McNutt

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

= ¢
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From: Robert Adams-OTG () ( 'O) (é)

Sent: Thursday, April 16, 2009 11:05 AM

To: Mcnutt, Jan (HQ-MCO00)
Subject: FW: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.



16APR0OY
Jan,

Can you please provide me an update as to this matter?

Dr. Adams

Iéfoﬁi: RobertlAdarf\s-OfG m TS s (|4 (bXQ\)

» Sent: Tuesday, March 10, 2009 8:11 AM
To: 'McNutt, Jan (HQ-MC000)'
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

10MARQ9

Jan,

Can you please provide me an update as to this matter?

Dr. Adams

From: McNutt, Jan (HQ-MC000) il | b)(b )
Sent: Friday, February 20, 2009 2:07 PM

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

Dr. Adams,

Thank you for your email concerning the new licensees and thank you for your patience. We are awaiting for one final
communication from one of our sources that will allow us to come to a final decision and that source has indicated they
are working to get us an answer by next week.

Regards,

Jan S. McNutt
Senior Attorney (Commercial)

(o (6)

From: Robert Adams-OTG (NG (b> ( G:)

Sent: Thursday, February 12, 2009 5:35 PM
To: McNutt, Jan (HQ-MCO000)
Subject: RE: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Jan,

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

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

2 01is0



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

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

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

Thank you,

Robert

From: McNutt, Jan (HQ-MC000) (i (b) ( 6 )

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

To: Robert Adams-OTG

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

Dr. Adams,

- Regards, | <|O> ( S

Jan S. McNutt
Senior Attorney (Commercial)

U (\:\)(6)

From: Robert Adams-OTG (N ( b)( /4 >

Sent: Saturday, December 27, 2008 7:27 PM
To: McNutt, Jan (HQ-MCO00)
Subject: FW: Jan S. McNutt, Please see the attached letter; it is your response to your most recent letter.

Mr. McNutt,
Please advise us as to our progress of settlement on this matter and NASA taking a license of our patented technology.

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

Dr. Adams

From: Robert Adams-0TG (N (b)( 6>

Sent: Friday, October 03, 2008 5:18 AM

To: 'McNutt, Jan (HQ-MC0Q0)'

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

Mr. McNutt,



Our company provided you're everything that had been requested by your counsel as all of that is legal and current, for

you to say otherwise is nothing more than an attempt to delay the process and shall be brought up latter to the judge
should this matter go to court.

Dr. Adams

From: McNutt, Jan (HQ-MC000) [mailtoq N | ( lo)(é)
Sent: Wednesday, October 01, 2008 7:58 AM
To: Robert Adams-0OTG

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

P— ()

I
——

Jan S. McNutt

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

| —— SO
————

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

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

From: Robert Adams-OTG [mailtow(bi6>

Sent: Tuesday, September 30, 2008 1:04 PM
To: McNutt, Jan (HQ-MCO000)

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

- (b)) ()

A —
| B

From: Robert Adams-0TG (i (b)(b )

Sent: Monday, August 25, 2008 3:48 PM

To: 'McNutt, Jan (HQ-MCO000)'; iR

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

E
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Sent via U.S. Mail with tracking number
Jan S. McNutt,

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

Dr. Robert Adams — CEO

Optima Technology Group
— 00

Simply Smarter, Encryption & Aerospace Solutions since 1990! The information contained in this e-mail and
any attachments are legally privileged and confidential. If you are not an intended recipient, you are hereby notified
that any dissemination, any and all distribution or copying of this e-mail is strictly prohibited without the prior consent of
Optima Technology Group (sender). If you have received this e-mail in error, please notify the sender and permanently
delete the e-mail and any attachments immediately. You should not retain, copy or use this e-mail or any attachment for
any purpose, nor disclose all or any part of the contents to any other person. Thank you.
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

I SERIAL NUMBER l FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO.

ARG ¥

L+}.: b EXAMINER j

SR LS
TED 0L ARTUNIT | PAPERNUMBER |
AR FLAZADGR T TN DR :

I ERREB NS

4
A2

JETYE

DATE MAILED:

This Is & communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

D This application has been examined Mﬁaspﬂnsive lo communtcation filed on__{ .ﬁg l %[ (f}'—; kl This action is made final.
-2 T

A shortened statutory period for response 10 this action is set to axpire -2 month(s), ( 2 days from the date of this letter.
Fallura to respond within the period for response will cause the application to become abandoned. 35 U.S.G. 133

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
1.&1‘ Notice of References Cited by Examiner, PTO-892.

2,
3. ] Notice of At Cited by Appiicant, PTO-144s. 4
5. Information on How to Etect Drawing Changes, PTO-1474.. 6.

Notice of Drafisman's Patent Drawing Review, PTO-948.
Notice of Informal Patent Application, PTG-152,

000

Partll SUMMARY OF ACTION

1.M Claims___| — 2] ars panding in the appfication,

Of the avove, claims )Y — 3 ()
2.[] Ciaims
3. [ claims
oams =28 and 3| 39
5.1 claims
6. (] ciams

7. D This application has been filed with Informal drawings under 37 C.F.R. 1.85 which are acceptabls lor sxamination purposes.

are withdrawn from consideration.

have been cancelled.

ara allowed.

are rejected.

are objected (o,

are subjact to restriction or alection requirement.

8. D Formal drawings are raquired in response 1o this Oflice action.

8. D The corracted or substitute drawings have bean received on . Under 37 C.F.R. 1.84 these drawings
are [Jacceptable; {J not acceplable (sea axpianation or Notice of Draftsman’s Patent Drawing Review, PT0-348).

10. D The proposed additional or substitute shael(s) of drawings, filed on e - has (have) been [approved by the

axaminer; [Jdisapproved by the examiner (sea explanation).

11, D The proposed drawing correction, filed . hasbeen [J approved; [} disapproved (see explanstion).
12 D Acknowledgemant is made of the claim for priorlty under 35 U.S.C. 1 19. The cartified copy has [ been received

0 not been received
O been filed in parent application, serial no. ; filed on

13. D Since this application apppears to be in condition for allowance excapt lof farmal matters, prosecution as lo the merits is closad In
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213

14, D Other
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Serial No.: 08/513,298 5
Art Unit: 2304

Part III DETAILED ACTION
Notice to Applicants

1. This office action is responsive to the preliminary amendment
filed on October 20, 1995. As per request, the amendment mailed
on July 10, 1995 of the parent application, serial number
08/274,394 which was abandoned on October 16, 1995, has been
enter.

2. In the amendment filed on July 10, 1995, claims 1, 5-7, 11~
13, 17-22, 31-32, 36-39 have been amended. Claims 29-30 have
been canceled. Thus, claims 1-28 and 31-39 are pending.

3. The rejections under 35 U.3.C. § 112, second paragraph, have

been withdrawn upon the amended claims.

Claim Rejections - 35 ysc § 103

4. The following is a quotation of 35 U.S.C., § 103 which forms
the basis for all obviousness rejections set forth in this QOffice
action: ’

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

Subject matter developed by another person, which qualifies
as prior art only under subsection (f) or (9) of section 102
of this title, shall not preclude patentability under this
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Serial No.: 08/274,3914 3

Art Unit: 2304

on the merits:. Accordingly, claims 29-30 are withdrawn from
consideration as being directed to a non-elected invention. See

37 C.F.R. § 1.142(b) and M.P.E.P. § 821.03.

Claim Rejections - 35 USC § 112

4. Claim 1-28 and 31-38 are rejected under 35 U.S.C. § 112,
second paragraph, as being indefinite for failing to particularly
point out and distinctly claim the subject matter which applicant
regards as the invention.

4.1. As per claim 1| (as exemplary of claims L, 7 and
13), line 7, the phrase "one or more" is vague and indefinite.
The word "and" should be added after the phrase "to said
aircraft's orientation® on line 17.

4.2, As per claim 5 (as exemplary of claims 5 and 11y,
line 2, the phrase "one or more operating features" is unclear
since they are not defined properly.

4.3. As per claim 6 (as exemplary of claims 6, 12 and
37), the phrases "said one or more operating features" and "the
group” on lies 2 and 3, respectively, have no antecedent basis.

4.4. As per newly added claim 17 (as exemplary of
claims 17-19), the instant passage on lines 3-6 is unclear as to
what the first region of terrain represented. Verification is

requested. Furthermore, the phrases "one or more" and "distance
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Serial No.: 08/274,394 4
Art Unit: 2304

or more" on lines 5 and 6, respectively, are vague and

indefinite.
4.5. As per newly added claim 20 (as exemplary of
claims 20-22), similar to the above, it is unclear as to what the

second region represented. Moreover, the phrases "one or more"
and "distance or more" on lines 2 and 4, respectively, are vague
and indefinite.

4.6. As per newly added claims 23 and 26 (as exemplary
of claims 23-28}), it is unclear as to what the no elevation point
means. Clarification is requested.

4.7. As per newly added claim 36, the comma at the end

of line 10 should be delerted.

4.8. As per newly added claim 38, lines 5-6, the phrase
"one or more vertices defined by one or more of said elevation
points" is vague and indefinite. Furthermore, the instant

passage on lines 7-14 is unclear as to how to examining an
adjacent one of the plurality and how to expanding the polygon to
include the adjacent one of the plurality of elevation points.
Verification is requested. Moreover (as exemplary of claims 38
and 39), the phrases "one or more" and "distance or more" on
lines 9 and 14, respectively, are vaque and indefinite.

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

parent by dependency.
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Serial No.: 08/274, 394 ' 5
Art Unit: 2304

5. The following rejections are based on the examiner's best

interpretation of the claims in light of the 35 U.S.C. 112 errors

noted above.

Claim Rejections - 35 USC § 103

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

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

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

Subject matrer developed by another person, which qualifies
as prior art only under subsection (f) or (g) of section 102
of this title, shall not preclude patentability under this
section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to the same
person.
7. Claims 1-12 are rejected under 35 U.5.C. § 103 as being
unpatentable over Beckwith et al (4,660,157) in view of Behensky
et al. (5,005,148) or a brochure from Atari Game Corp. ({Hard
Driving') or a brochure from Atari Game Corp. (Steel Talons).
7.1. With respect to claims 1, 5-7, 11-12, 14 and 36-
37, Beckwith et al. discloses a digital system for producing a
real time video display in perspective of terrain over which an

aircraft is passing on the basis of compressed digital data

stored on a cassette tape [see at least an abstract). Beckwith
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Serial No.: 08/274,394 6

Art Unit: 2304

et al. discloses that the system includes a position determining
means for locating the aircraft's position in three dimensions
and an attitude determining means for determining the aircraft's
orientation in three dimensional space (see at least figure 1 and
columns 5 and 6). Beckwith et al. further discloses that the
system includes a digital data base means for storing a
compressed terrain data (see at least the abstract). Beckwith et
al. also discloses a computer means for reading compressed
terrain data from the digital data base means in a controlled
manner based on the instantancous geographical of the aircraft as
provided by the aircraft navigation computer system,
reconstructing the compressed data by suitable processing and
writing the reconstructed data into a scene memory, and then
providing a 3D perspective on the display (see at least columns 2
and 3).

Beckwith et al. does not explicitly disclose that a digital
data base means containing polygon data representing terrain and
manmade structures. However, Behensky et al. suggests a driving
simulator for a video game which includes the road and other
terrain are produced by mathematically transforming a three-
dimensional polygon data basc (see alt least column 2, lines 33-
38) . The suggestion of Behensky el al. in at least column 2
would have motivated one of ordinary skill in the art to combine

with the system of Beckwith et al. in order to provide a

significant reduction of data base storage and a larger
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geographic areas can be stored so that it is not necessary to
generate a data base of each mission. Similarly, the digital
data base means containing polygon data representing terrain and
manmade structures is also taught in a brochure fron Atari Game
Corp. (Hard Driving') or a brochure from Atari Game Corp. (Steel
Talons). Thus, because of the motivation set forth above, it
would have been obvious to a person of ordinary skill in the art
at the time the invention.was made to combine the teachings of
Behensky et al. or the brochure from Atari Game Corp. (Hard
Driving') or the brochure from Atari Game Corp. (Steel Talons)
with the system of Beckwith et al.

7.

o

With respect to claims 2-3 and 8-9, Beckwith et
al. discloses the claimed invention as discussed ahove but does
not explicitly discloses that the position determining means
comprises a standard system for retrieving and processing data
from the global positioning system and the attitude determining
means comprises a standard avionics systems. However, the use of
the standard system for retrieving and processing data from
global positioning system and the standard avionics s5ystems are
well known effective and efficient weans for determining the
position and the orientation of the aircraft. For examples, the
Maher patent (4,485,383) shows a receiver for receiving global
positioning system and the Timothy patent shows a method for
determining the orientation of a moving object form a single GPS

receiver and producing roll, pitch, and yaw information. Tt
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would have been obvious to one of ordinary skill in the art at
the time of the invention to utilize Lhe global positioning
system and the standard avionics system in such a system as
taught through Beckwith et al. because it would produce high
degree of accuracy in determining the position and orientation of
the aircraft including roll, pitch, and yaw information.

7.3. With respect to claims 4 and 10, Beckwith et al.
does not specifically disclose that the digital data base means
comprises a CD rom disc and CD rom drive. However, the use of CD
rom disc and CD rom drive for storing data is well known
effective and efficient means for storing any data. It would
have been obvious to one of ordiﬁary skill in the art at the time
of the invention to utilize CDU rom disc and CD rom drive in such
a system as taught through Reckwith et al. because it would
permit high degree of accuracy in the storing and restoring data,
random access to the data so that the requirements for cache

storage are reduced.

8. Claim 13 is rejected under 35 U.5.C. § 103 as being
unpatentable over Beckwith et al and Behensky et al. as applied
to claims 1-12 above, and further in view of the sales brochure
from the Polhemus company.

Beckwith et al. and Behensky et al. disclose the claimed
invention except for a head mounted display means worn by the

pilot and an artitude determining means for determining the
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orientation of the pilot's head in three dimensional space.
However, the sales brochure from the Polhemus company suggests
the commercial available of a position and orientation sensor
which can be used on a head-mounted display. The suggestion of
the Polhemus company would have motivated one of ordinary skill
in the art to combine the teaching of Polhemus company with the
system of Beckwith et al. in order to allow the pilot to have a
compiete range of motion ﬁo receive a synthesized view of the
world, a complete unhindered hy the aircraft structure. 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 in Polhemus's

brochure and Beckwith et al. patent.

9, In view of the indefinite state(s) of the claimed invention,
no prior art has been applied against the claims 17-28, 31-35 and
38-39. However, applicants are requested to consider the cited

references below fully when responding to the office action.

10. All claims are rejected.

11. The following references are cited as being of general
interest: Sullivan et al. (4,213,252), Heart: {4,715,005), Dawson

et al. (5,179,638) and Nack et al. (5,317,689)
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Remarks

12. Applicant's arguments filed on February 13, 1995 have been

fully considered but they are not deemed to be persuasive.,

13. On page 16, second paragraph, the applicants argue that
claims 1-12 are patentable over Beckwith et al. and Behensky et
al. because there is no teaching or suggestion to combine the
references. It is not necessary that the references actually
suggest, expressly or in so many words, the changes or
improvements that applicant has made. The test for combining
references is what the references as a whole would have suggested
to one of ordinary skill in the art. ID_EELEEEEEE£' 168 USPQ 716

({CCPA 1971); In re McLanghlin, 170 U3SPQ 209 (CCPA 18971); In re

Young, 159 USPQ 725 (CCPA 1986) .

The Examiner recognizes that references cannot be
arbitrarily combined and that there must be some logical reason
why one skill in the art would be motivated to make the proposed
combination of references. In ré Regel 188 USPQ 136 (CCPA 1975) .
However, there is no requirement that the motivation to make the
combination be expressly articulated in one or more of the
references; the teaching, suggestion or inference can be found
not only in the references tmt also from knowledge generally
available to one of ordinary skill in the art. Ashland 0il v,

Delta Resins 227 USPQ 657 (CAFC 1985). The test for combining
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references is what the combination of disclosures taken as a
whole would suggest to one of ordinary skill in the art. 1In
McLaughlin 170 USPQ 209 (CCPA 1971); In re Rosselet 146 USPQ 183
{(CCPA 196). References are evaluated by what they collectively
suggest to one versed in the art, rather than by their specific
disclosures. 1In Re Simon, 174 USPQ 114 (CCPA 1972y ; In Re

Richman 165 USPQ 509, 514 (CCPA 1970).

14. On page 16, third paragraph, the applicants argue that the
polygon of Behensky et al. do not represent real terrain in any
manner, but rather are, instead, ‘essentially “"building blocks"
which may be accessed from the data base to create the fictional
scene through which the drive is driving. This limitation is not
found in the claims. The only recitation is that "data base
comprising terrain data, said terrain data representing as one or
more polygons". Therefore, ithe Luilding blocks as taught in
Behensky et al. still are considered as the terrain data.
Therefore, the rejection under 35 U.S.C. § 103 is considered to
be proper.

In addition, the digital data base which comprises terrain
data representing as at least one of polygons is well known in
the art at the time the invention was made (see at least U.S.

patent number 5,192,208 issued to Ferguson et al., for example).

oo
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15. On page 17, second paragraph, the applicants argue that
there is no teaching of constructing polygon based on an array of
elevation points. This limitation is not found in the claims.
Claimed subject matter not the specification, is the measure of
invention. Disclosure contained in the specification can not be
read into the claims for the purpose of avoiding the prior art.

In re Sporck, 55 CCPA 743, 386 F.2d 924, 155 USPQ 687 (1986); In

re Self, 213 USPQ 1,5 (CCDPA 1982); In re Priest, 199 UspQ 11,15

(CCPA 1978).

16. Applicant's amendment necessitated the new grounds of
rejection. Accordingly, THIS ACTION IS MADE FINAL. See M.P.E.P.
§ 706.07(a). Applicant is reminded of the extension of time

policy as set forth in 37 C.F.R. § 1.136(a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL
ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS
ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS
OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION
IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MON'TH SHORTENED
STATUTORY PERIOD, THEN THE SHORTEMNED STATUTORY PERIOD WILL EXPIRE
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE
MAILING DATE OF THE ADVISORY ACTION. 1IN NO EVENT WILL THE
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM
THE DATE OF THIS FINAL ACTION.

7. Any inquiry concerning this communication or earlier
communications from the examiner should he directed to examiner
Tan Nguyen, whose telephone number is (703) 305-9755. The
examiner can normally be reached on Monday-Thursday from 7:30
AM-6:00 PM,
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If attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Kevin J. Teska, can be
reached on (703) 305-9704. The fax phone number for this Group
is (703) 305-9564.

Any inquiry of a general nature or relating to the status of
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12055.P002 PATENT n e

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
el N Jed Margolin

(7% 2l)(()ZH(Serial No.: 08/274,394 Examiner: T. Nguyen

0
ﬂt Filed: July 11, 1994 Art Unit: 2304
For:  PILOT AID USING SYNTHETIC
REALITY

TN

), D

(78

.[y‘f')f /1 g,
NS g
e

N

Commissioner of Patents e’
and Trademarks u’o ,
Washington, D.C. 20231 0

AMENDMENT AND RESPONSE

Dear Sir:
In response to the Office Action of May 9, 1995, please enter the following

amendments and consider the following remarks.

N THE CLAIMS
Please delete claims 29 - 30, without prejudice,

Please amend the following claims.

1. {Twice Amended) 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 tha world comprising:

a position determining system for locating said aircraft's position in thrae

dimensions:
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/ For the foregoing reasons, Applicant submits that all objections and rejections
have been overcome. Applicant submits that ail pending claims are in condition for

allowance and allowance of the same is respectfully requested.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN

Date: 52',§ IO , 1995 )\’/ J-?f{//
/ Keith G. Askd

Reg. No. 33,828

12400 Wilshire Boulevard
Seventh Floor

Los Angeles, California 90025
(408) 720-8598

I hereby cerity that this correspondence is being deposited with the United States Postal Sarvice as first class mail
with sulticient postage in an envelope addressed to the Commissioner of Patents and Trademarks, Washington, D.C.
20231

on July 10,1995
Date of Deposit
Caphn C, Caires

Name of Person Mailing Correspondence
I~ - . .
Condn € Opdion U G

124 N T
Signature Date
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455.P002 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK QFFICE

In re Application of:
Jed Margolin

Serial No.: 08/274,394 Examiner: T. Nguyen

Filed: July 11, 1994 Art Unit: 2304 “
For:  PILOT AID USING SYNTHETIC G y ‘
REALITY _3\_)” &, O
C
Commissioner of Patents Yook &
and Trademarks o~

Washington, D.C. 20231

CHANGE OF ADDRESS UNDER 37 C.F.R. § 1.33(d)

Dear Sir:

Pursuant to 37 C.F.R. § 1.33(d) Applicant hereby changes Applicant's

correspondence address as fallows:

Keith G. Askoff
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN
12400 Wilshire Boulevard, 7th Floor
Los Angeles, CA 90025
(408) 720-8598
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Please address all future communications to the above address.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN

Date: M [6 . 1995 Wl 2 l/
Keith G. Askoff

Reg. No. 33,828

12400 Wilshire Boulevard
Seventh Floor
Los Angeles, California 90025

(408) 720-8598

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail
with sufficient postage in an envelope addressed to the Commissioner of Patents and Trademarks, Washington, D.C.
20231

on July 10, 1995
Date of Deposit

i Caif
Name of Person Mailing Correspondsnce
(e =laD ¢ Canese Wit/ QS
Signature ] Date

n121s:



08/ 274,244

UNITED STATES DEPARTMENT OF COMMERCE

Patent and Yrademark Office

Address; COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

n8/274,394

07711794 MARGOLIM J

TTTNGUYEN,

B3ML/ 080

[

!
|
KEITH &. ASKOFF !
BLAKELY, SOKOLOFF, TAYLOR AND ZAFMAN o
!
!

12400 WILSHIRE BOULEVARD, 7TH FLOOR
LOS ANGELES, CA 20025

LDATE PARILED:

Below Is a communication from the EXAMINER In charge of this appllcation
COMMISSIONER OF PATENTS AND TRADEMARKS

vime PERIOD FOR RESPONSE:

a[ﬂiis extendedlorun __________ _ orconlinues to run ‘j._flm_oll{’}li Irom the date of the final rejaction

b)‘ﬁ expires three months from the date of the final rejection or as of the mailing date of this Advisory Action, whichevar is later. in no
avent however, will the statutory period for the response expira later than six months from the date ot the tinal rejection.

ADVISORY ACTION

Any extansion of time must be obtained by filing a petition under 37 CFR 1.136(a}, the proposed response and the appropriate lee.
The date on which the response, the petition , and tha fee have been filed is the date of the response and also the date for the
purposes of determining the period of extension and the corresponding amount of the lee. Any extension lee pursuant to 37 GFR
1.17 will be calculated from the date of the originally set shortened statutory period for response or as set forth in b) abave.

D Appailant's Brief is due in accordance with 37 CFR 1.132(a).

w Applicant’s respansa to the final rejection, filed __QJZ _Lé}'t 15 has been considered with the fallowing effact, but it is not deemed
to place the application in condition for allowancs:

1%1}\5 proposed arnendments to the claim and /or specification will not ba enfered and the final rejection stands because:

a. D There Is no convincing showing under 37 CFR 1.1 16(b}) why the proposed amendment is necassary and was not earfier
presented.

d&iﬂu)y raise new issues that would require further considaration and/ search. (See Note).
c. [[J They raise the issue of new matter. (See Note).

d.[[] They are not deemed to placa the application in better farm for appeat by materialty reducing or simplitying the issuas for
appeal.

o [] They present additional claims without cancelling a corresponding number of finally rejectad claims.

: _the Siemidic - M . (S e 0 -

‘Cﬂ_ of (Him 36) kﬁﬁd‘ WUK,QJ{I

i ;

2. D Newly proposed oramendedclaims____ _ _ _ would be ailowsd if submitted in a separately filed amendment cancalling
the non-allowable claims.,

3,& Upon the filing an appeal, the proposed amendment D will be snlerudp(wi[l not be entered and the status of the daims will
ba as foliows:

Claims allowed:

Claimswe&:;mhmo: 29-30
Claims rejected: L— :18 M 31-3 Ol

Howaver;

[T} Applicant's rasponse has overcome the following rejection{s): ____

——

4. [} The atfidavit, exhibit or request for reconsideration has been considered but does not overcome the rejection because

5, D The atfidavit or exhibit will not be considered hecause applicant has not shown good and sullicent reasons hy it was ngt--earlier .
presanted.

D Tha praposed drawing comection D has D has not been approved by the examiner -

(C] Other
A

PTOL-303 (REV. 5-89) R\
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B o
(Once Amended) The pilot aid [position determining means] of claim\X,

\ /{ (Once Amended) The pilot aid [attitude determining means) of claim\ﬂ,

a digital data base [means containing polygof comprising terrain data, said
terrain data representing terrain as one or more pofygons [and manmade
/

structures]; /

an attitude determining system [means]/}ér determining said aircraft's
orientation in three dimensional space; ' '

[a control panel means for allowing 7é;id pilot to select different operating
features;) f

a computer {means for using saiq/aircraﬂ position data] to access said terrain
dﬂmmmmﬁmmﬁ and [manmade structure data from said
digital data base and using said a:rcran orientation data] to transform said terrain
[and manmade structure] data to prowde three dumensxonal projected image data
according to said am:raﬁﬁmﬁmmm [operating features selected by said pilot];

[a display means for disp]éying said three dimensional projected image
data;] /'/

a mass storage memop’ﬁ for recording said aircraft position data and said
aircraft's attitude data for allo"wing [said aircraft's] g flight of said airgraft over said
forrain to be displayed at a,later time.

12

wherein said position determining system [means} comprises a standard system for
receiving and processing data from the global positioning system.

[

whaerein said attitude determining systems [means] comprises a standard avionics

system.
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\5' S
. (Once Amended) The pilot aid [digital data base] of clainy’/,’ wherein said

digital data base [means] comprises a cd rom and a cd rom drive.

11. (Once Amended) The pilot aid [controf panel means) of claim 7, turther

comprising a control panel 1o select one or rore operating features [wherein said

control panel means selects the functions of pan, tilt, and zoom].

12.  (Once Amended) The pilot aid [gontrol panel means] of claim 11 {7],

wherein said one or more operating feafures comprise one or mare features

selected from the group consisting of Jannina a_viewpoint of said three

dimensional projected image. tilting a]viewooim of said three dimensignal

!
projected image. zooming a viewpaiht of said three_dimensional projected image

]
providing a three dimensional projected image of a route ahead. and providing a

i
three dimensional projected imageg of a previous flight [control panel means
permits said pilot to preview the route ahead or to review previous flights].

f
!
13.  (Once Amended) A pilfcgt aid which uses an aircratt'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 ﬂﬂm [means] for locating said aircraft's position in
{

three dimensions;

a digital data base [means containing polygon] comprising terrain data_said

terrain data representing tefrain as one or more polyaons [and manmade

structures;
[an] a_first attitude détermining system [means} for determining said aircraft's
orientation in three dimensional space;

a head mounted display [means] worn by said pilot of said aircraft;

L 012156
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{an] 2 _second attitude determining gsystem ii/\eans] for determining the

orientation of said pilot's head in three dimensjdnal space;

[a.control panel means for allowing s7id pilot to select different operating

/

features;] /

a computer [means for using said aircraft position data] to access said terrain

Wﬂmﬁﬁmmlm and [manmade structure data from said

digital data base and using said aircraft orientation data and said pilot head
N orientation data] to transform sai,d"terrain {and manmade structure] data to provide

! three dimensional projected imvége data to said head mounted display according to

! said aircraft's orientation anq-"said pilot head orientation [operating features
‘ selected by said pilot}.

(’ﬁgase add the following new clai'ms.:)

q .
/g/ (New) The pilot aid as described in claim 1 wherein said digital data

base further comprises structure data, said structure data representing manmade

structures as one or more polygons.

« 13-
/15_/ (New) The pilot aid as described in claim/wherein said digital data
base further comprises structure data, said structure data representing manmadea

structures as one or more polygons.

g_ll a3
/1.3/ (New) The pilot aid as described in claim/m/wherein said digital data

base further comprises structure data, said structure data representing manmade

_structures as one or more polygons.
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220 ot .
. \'> - /17, (New) The pilot aid as described in claigh 1 wherein said terrain data

// is generated from elevation data comprising an arr /of elevation points, wherein
each said polygon representing said terrain defines a plane, wherein in a first
region of tarrain represented by one or mors of §aid polygons no elevation point
within each said polygon is below said plane of/each said polygon by a first

distance or more. /

/

/
. I/
\ 18. (New) The pilot aid as described in claim 7 wheraein said terrain data
- 7
- is generated from elevation data comprisifg an array of elevation points, wherein
N /

. . . / . .
each said polygon representing said ter/ram defines a plane, wherein in a first

region of terrain represented by one og/more of said polygons no elevation point
within each said polygon is below said plane of each said polygon by a first

i

distance or more. ;
‘/
19.  {New) The pilot aid s described in claim 13 wherein said terrain is
generated from elevation data cgmprising an array of elevation points, wherein
each said polygon reprasentin /said terrain defines a plane, wherein in a first
region of terrain represented bz one or more of said polygons no elevation point

within each said polygon is bélow said plane of each said polygon by a first

distance or more. /

/

f

/

/
20. (New) The p"‘ot aid as described in claim 17 whersin in a second
region of said terrain represented by one or more of said polygons no elevation
point within each said P lygon is below said plane of each said polygon in said
second region by a secf[md distance or mare, said second distance different from
|

said first distance. |

/
/
01213
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!
21.  (New) The pilot aid as described in cl;a‘nm 18 wherein in a second

region of said terrain represented by onse or more’,()f said polygons no elevation
" v
point within each said polygon is below said p! fe of each said polygon in said

second region by a second distance or mare, said second distance different from
/

e——

said first distance. //

22. (New) The pilot aid as des?ribed in claim 19 wherein in a second
region of said terrain represented by oqé or more of said polygons no elevation
point within each said polygon is belo‘v{/ said plane of each said polygon in said

7
second region-by a second distance or more, said second distance different from

said first distance.

: '

]\/2'3/ (New) The pilot aid as described in claim)fwherein no elevation
point within each said polygon in said first region is above said plane of said
polygon.

22 "

/2:{ (New) The pilot aid as described in claim 18 wherein no elevation
point within each said polygon in said first region is above said plane of said
polygon.

294 a5
(New) The pilot aid as described in claim 39 wherein no elevation

point within each said polygon in said first region is above said plane of said

polygon.
\©0 1
/26,/ (New) The pilot aid as described in oiaim,ZO/wherem no elevation

point within each said polygon in said first region and said second region is above

said plane of said polygon.
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2\ ab

(New) The pilot aid as described in claim 21 wherein no elevation

point within each said polygon in said first region and said second region is above

said plane of said polygon.

2 26

}( {New) The pilot aid as described in claim 22 wherein no elevation

point within each said polygon in said first region and said second region is above

said plane of said polygon.

29N (New) A method for producing a terrain data base comprising terrain

data, Sqid terrain data represented as one or more polygons, said method

providing. a plurality of elevation points, each of said plurality of elevation
points representing\an elevation of a point on a terrain;

defining a polyg h_aving one or more vertices dafined by one or more of
said alevation points; ‘

examining an adjacent onsot said plurality of elevation points to determine
if expanding said polygon to an expé g_a‘d polygon to include said adjacent one of
said plurality of elevation points causes o Ye_or more of said plurality of elevation
poimé within said expanded polygon to be be'l a plane of said expanded
polygon by a first distance or more; and,

expanding said polygon to include said adjacent boe of said plurality of
elevation points if none of said elevation points within said exganded polygon is

below said plane by said first distance or more.

30. (New) The method as described in claim 29 wherein said adj

;g
A

i




; © more 6f'saj‘ lurality of elevation points within said expanded polygon is above

said plane of sai anded polygon, and said polygon is expanded if none of said

j
I expanded polygon and if noh"e»o_\_ aid elevation points within said expanded

/ polygon is below said plane by said firdtdistance or more.

31, (New) The method as describpd in claim 23 wherein one or more
additionat adjacent ones of said plurality qf elevation points are examined, and
wherein said polygon is expanded to inclide said one or more additional ones of
said plurality of elevation points which do not cause any of said elevation points
within said expanded polygon to be bglow said plane of said expanded polygon by
; said first distance or more. .
| /
!= 32. (New) The method ai/described in claim 23 wherein one or more
i additional adjacent cnes of said glhrality of elevation points are examined, and
wherein said polygon is expande?é to include said one or more additional ones of
said plurality of elevation points;vwhich do not cause any of said elevation points
within said expanded polygon to be above said plane of said expanded polygon
and do not cause any of said elevation points within said expanded polygon to be
below said plane of said expanded polygon by said first distance or more.

. 3
33. (New) The method as described in claim/y/wherein said polygon is

stored in said terrain data base after all of said elevation points adjacent to said

polygon have been examined.

0122
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/34’ (New) The method as described in claim 32“wherein said polygon is
stored in said terrain data base after all of said elevation points adjacent to said
polygon have been examined.

P g
/’)( (New) The method as described in claim.31 wherein additional
polygons are defined, expanded, and added to said terrain database.

£ "k‘({,\":.
--’7\—)*’/36. (New) A method of using an aircraft's position and attitude to

—

N\

transform data from a digital data base to pregent a pilot with a synthesized three

dimensional projected view of the world comprising:

N locating said aircraft's position in thr¢e dimensians;
\ 5 providing a data base comprising tgrrain data, said terrain data representing

terrain as one or more polygons;

detarmining said aircraft's orientafion in three dimensional space;
accessing said terrain data according to said aircraft's position;
1 transforming said terrain data tof/provide three dimensional projected image
: data according to said aircraft's orientation; and,
displaying said three dimensio/ al projected image data.

|
‘ 37. (New) The method of Y,(Iaim 36 further comprising selecting one or

more operating features, wherein slz}aid one aor more operating features comprise
' one or more features selectaed fron‘{ the group consisting of panning a viewpoint of
said three dimensional projected il/hage, tilting a viewpoint of said three
dimensional projected image, zogming a viewpoint of said three dimensional

projected image, and presenting ja three dimensional projected image of a route

ahead.
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38. (New) The method as described in claim 36_/6vherein said terrain data
base is produced by a method comprising the steps of: /'/

providing a plurality of slevation points, each of//'said plurality of elevation
points representing an elevation of a point on a terra’iﬁ;

defining a polygon having one or more verﬁc/é;s defined by one or more of
said elevation points; //’

examining an adjacent one of said plurality'i of elevation points to determine
if expanding said polygon to an expanded polyg/on to include said adjacent one of
said plurality of elevation points causes one ojr/more of said plurality of slevation
points within said expanded polygon to be b‘_éyllow a plane of said expanded
polygon by a first distance; and, v‘

expanding said polygon to include ls"aid adjacent one of said plurality of
elevation points if none of said elevation/,i)oints within said expanded polygon is

below said plane by said first distance or more.

39. (New) The method as described in claim 38 wherein said adjacent
one of said plurality of elevation points is further examined to determine if one or
more of said plurality of elevation poihts within said expanded polygon is above
said plane of said expanded polygoﬁ, and said polygon is expanded if none of said
elevation points within said expanded polygon is above said plane of said
expanded polygon and if none of said elevation points within said expanded

polygon is below said plane by said first distance or more.

13-
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BEMARKS

In the Office Action of November 9, 1994, a new title was required.
Applicant has supplied herewith a new title which is descriptive of the invention to
which the claims are directed. Further, Applicant has made correction 10 the
abstract as requested. In addition, minor informalities throughout the specification
have been corrected. In this regard, Applicant notes that the originally filed Figures
contain two Figures labeled 12¢, and two Figures labeled 13e. Applicant has
re-labeled the éecond Figure in each case to read 12, and 13, respectively, on the
corrected formal drawings submitted concurrently herewith, and has corrected the
specification accordingly.

Claims 1 - 13 were rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject
matter which Applicant regards as the invention. Applicant has amended the
claims, and has provided, below, clarification where requested. Applicant submits
that the amendments, and clarification overcome ail 35 U.5.C. § 112, second
paragraph rejections. However, should the Examiner belisve any further § 112
issues remain, any further guidance, including suggested claim language, would
be appreciated.

With regard to the phrase "polygon data representing terrain and manmade
structure,” Applicant has amended the claims to recite that the data base comprises
terrain data, wherein the terrain data represents the terrain as one or more
polygons. Applicant submits that as described throughout the present
specification, the terrain may be represented by a collection of polygons where, for
example, an elevation data point may be used as one of the vertices of the
polygon. With regard to the phrase “different operating features" Applicant has
removed this phrase from the independent claims. Applicant has amended

claim 5 to recite that the pilot aid of claim 1 further comprises a control pane! to
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selected one or more oparating features. Further in this regard, Applicant has more
clearly stated, in claim 6, that the functions may include panning, tilting, and
zooming a viewpoint of the recited three dimensional projected image. Applicant
submits that the terms "pan,” “tilt," and "zoom" are well known in the film, video, and
computer graphics industries. For example, in the present invention pan may
mean to rotate the observer's eyepoint around the yaw axis, tilt may mean to rotate
the observer's viewpoint around the pitch axis, and zoom may mean to change the
magnification or change the angular field of view. This allows the pilot to "look” at
any portion of the terrain. Saa, for example, page 15, lines 10 - 18 of the
present specification.

Funher, Applicant has amended the claims to recite that the computer
accesses the terrain data according to the aircraft's position. Referring to page 12,
lines 19 - 26, and Figures 10a, 10b, 11a, and 11b, the computer uses the
piane's position, in one embodiment, by accessing the data in blocks, which blocks
are dependent upon the aircraft's position as described. Of course, the present
invention is not limited to this embodiment, and other methods of accessing terrain
data around the aircralt's position may be used. Further, Applicant has amended
the claims to recite that the computer transforms the terrain data according to the
aircraft's orientation as described, for example, on page 13, lines 1 - 4. The
transformation is described in detail, on pages 16 - 28 of the present application.

Claims 1 - 12 were rejected under 35 U.S.C. § 103 as being
unpatentable over Beckwith et al. in view of Behensky et al. or Atari Game
Corporation's Hard Drivin' Brochure, or Atari Game Corporation’s Steel Talons
Brochure. The Examiner states that Beckwith et al. discloses a digital system for
producing a real time video display in perspective of terrain over which an aircraft
is passing on the basis of compressed digital data stored on a Cassette tape. The
data is read by the computer to provide a 3-D perspective on the display. The

01225
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Examiner states that Beckwith et al. does not disclose that the database contain
polygon data representing the terrain. The Examiner states that Behensky et al.
suggests a driving simulator for a video game which includes the road and other
terrain which are produced by mathematically transforming a three dimensional
polygon database. The Examiner states that the suggestion ot Behensky et al. in
at least column 2 would have motivated one of ordinary skill in the art to combine
with the system of Beckwith et al. in order to provide a significant reduction of
database storage and a larger geographic area can be stored so it is not necessary
to generate a database of each mission.

Applicant respectfully submits that there is no teaching or suggestion to
combine the references as suggested by the Examiner and that further, a
combination of the references would require significant modifications not taught in
the references singly or in combination, to arrive at the present invention. Please
note that Beckwith et al., like the present invention, is concerned with displaying a
representation of actual terrain. There is nothing therein to suggest using the
compressed data described therein to construct polygons, nor is there any teaching
or suggestion to combine the method therein with anything contained in a driving
simulator.

Referring to Behensky et al., note that the polygons described therein are
used to represent a fictional universa. The polygons of Behensky et al. do not
represant real terrain in any manner, but rather are, instead, essentially "building
blocks" which may be accessed from the data base to create the fictional scene
through which the driver is driving. Although the Examiner states that the
suggestion in column 2 in Behensky et al., wherein the use of a visual scene
comprising polygons is disclosed, would have motivated one of ordinary skill in the
art to combine with the system of Beckwith et al. in order to provide a significant

raduction of database storage, there is nothing therein 1o suggest that these

-16-
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polygons would be useful for representing the terrain of Beckwith et al. That is, in
Behensky et al., the polygons are disclosed as simply a means 1o create this
fictional, high resolution scene, and there is no suggestion that these visual
building blocks be used to represent actual terrain, or how this would be
accomplished.

Furthermore, even if the references are combined note that there is no
teaching or suggestion of how to modify the combination of Behensky et al. and
Beckwith et al. 1o arrive at the present invention. Specifically, where, other than
the present invention, is there any teaching of constructing polygons based on an
array of elevation points? In this regard, note that the data of Beckwith et al. from
which the perspective view is obtained, comprises grid points several meters apart.
As such, this data would be of far too low a resolution to be useful in the system of
Behansky et al. For example, referring to the Hard Drivin’ and the Steel Talons
Brochure, note that such fine details as road markings, signs, etc. are present.
These type of details have no use in the system of Beckwith et al. In
Beckwith et al. actual terrain data must be used, and a low resolution perspective
view as is provided in Beckwith et al. is all that is needed for the purposes of
Beckwith et al. Note that although Beckwith et al. were aware of flight simulation
techniques, {(column 2, lines 24 - 49) they considered the perspective
techniques described tharein as being desirable to create a realistic three
dimensional view. Thus, Beckwith et al. teaches away from the present invention.

Absent the teachings of the present invention, there is nothing in
Beckwith et al. or Behensky et al. that would motivate one of skill in the art to
modity the combination of Beckwith et al. with Behensky et al., since the
compressed data of Beckwith et al. appears to be satistactory for the purposes

described therein. For example, note that the Examiner states that Beckwith et al.

may use these polygons so that it is not necessary 1o generate a data base of each
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mission. However, while a game based on a fictional universe may use a library of
polygons to create a display of scenes in that universe, the invention of

Beckwith et al. must create a perspective view based on the data for the actual
terrain. Clearly, there is no teaching in either reference as to how actual terrain
would be representad by polygons. Additionally, absent the present invention,
there exists no motivation to do so. The anly such teaching and mativation comes
from the present invention.

Claim 13 was rejected under 35 U.S.C. § 103 as being unpatentable over
Beckwith et al. and Behensky et al., as applied to claims 1 - 12, and further in
view of the sales brochure from the Polhemus company. Applicant submits, for the
above-described reasons, that the claims are unobvious over the combination of
Backwith et al. and Behensky et al. Furthermore, note the brochure of Polhemus
makes no mention of its use in the claimed combination, nor does the combination
of references teach or suggest that the head mounted display of Polhemus would
be useful therein. Thus, Applicant submits that claim 13 is further unobvious over
the prior art of record.

Applicant has added new claims 14 - 39. Claims 14 - 16 claim that the
data base of claims 1, 7, and 13 further comprises structure data. Claims 17 - 19
claim that each of the polygons defines a plane, wherein no elevation point within a
first region represented by the polygons is below the plane of each polygon by a
first distance or more. in this way, it can be ensured that the terrain represented by
a polygon is sufficiently flat for accurate represantation as described generally on
pages 29 - 30 of the present specification. Applicant submits that this feature is
nowhaere taught or suggested in the prior art of record. Claims 20 - 22 claim that
no elevation point within a second region of terrain represented by one or more
polygons is below the plane of the polygens in the second region by a different
distance. In this way, some regions such as those surrounding airports, may be

01228
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represented with greater accuracy, again as described on pages 29 - 30.
Claims 23 -28 claim that no slevation point within an expanded polygon is above
the plane of the region. Applicant submits that the pilot aid as described in the
above-described claims is further unobvious over the prior art of record.

Claims 29 - 35 claim a method of generating the database using elevation
points. Applicant submits the claimed method is nowhere taught or suggested
anywhere in the prior art of record. Applicant has added claims 36 - 37 which
claim a method of presenting a pilot with a synthesized three dimensional
projected view of the world. For the reasons discussed in relation to claims 1 - 12,
Applicant submits the claimed method is unabvious over the prior art of record.
Further, Applicant has added dependent claims 38 - 39 which claim the method
of generating the polygons. For the reasons discussed in relation to
claims 29 - 35, Applicant submits that these claims are further unobvious over the

prior art of record.
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For the foregoing reasons, Applicant submits that all objections and
rejections have been overcome. Applicant submits that all pending claims are in
condition for allowance and allowance of the same is raspectfully requested.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN

— B .
Date: [ 2wt . 1995 Akl 2 Gf
Keith G. Askoff
. Reg. No. 33,828

12400 Wilshire Boulevard
Seventh Floor
Los Angeles, California 90025

(408) 720-8598

| haraby certify that this correspondence is being deposited with the United States Postal Saervice as first class
mall with sulficient postage in an envelope addressed to the Gommissioner of Patents and Trademarks,

Washington, D.C. 20231
on Fobruary 8, 1996

Data of Deposit
— ComolnC Caies

Name of Parson Maiting Correspondance

Cemestagn G Copan RGN
Signature Date
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W. Scott, 1V, Reg. No. 36,000; Maria McCormack Sobrino, Reg. No. 31,639;
Stanley W. Sokoloff, Reg. No. 25,128; Allan T. Sponseller, Reg. No. 38,318;
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J. Vincent, Reg. No. 31,460; Ben J. Yorks, Reg. No. 33,609; and Norman
Zafman, Reg. No. 26,250; my attorneys; and William Donald Davis, Reg. No.
38,428; Thomas X. Li, Reg. No. 37,079, and Edwin A. Sloane, Reg. No.
34,728; my patent agents; of BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN,
with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles,
California 90025, telephone (310) 207-3800, with full power of substitution
and revocation, to prosecute this application and to transact all business in
the Patent and Trademark Office connected herewith.
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Filing Date: 11124
Inventors: Jed Margolin
Tide: PILOT AID USING SYNTHETIC REALITY

THE HONORABLE COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

Sir: Transmitted herewith is an Amendinent

{T"_] Small entity status of this Application under 37 CFR 1.9 and 1.27 has been

staternent previously submitted.

Attorney Docket No. 002055 P002

in the above-identified application:

: A verified statement to establish small entity status under 37 CFR 1.9 and 1.27 is enclosed.

No additional fee is required.
The fee has been calculated as shown below:

established by a verified

(Col. 1) (Col. 2) {Col. 3) Small Entity Other than a Small Entity

Clalms remaining Mighest no. Tresent Ralc Addiional Ralc Additional
aler dm i y paid for| exira fee fec

Total .

Claims: 39 ninus 20 19 x $11.00= $209.00 x §22.00= 30.00

Indep. .

Claims: 5 minus 3 2 x $38.00= $76.00 | x $76.00= $0.00

. . First presentation of multiple dependent claim(s) +5120.00 $0.00 |+ 5240.00 $0.00
“*]f the difference in Col.2 is less than zero, enter “0™ in Torat Total
Col. 3 Additional: $285.00 | A dditional: $0.00

A check in the amount of

this sheet is enclosed.

Applicant hercby Petitions for an Exiension of Time of

A check in the amount of __8285 .00 is attached for presentation of additional claim(s).

month(s}, pursuant o Rule 1.136(a).

is attached for processing [ces under 37 CFR 1.17.

Please charge my Deposit Account No. 02-2666 the amount of

. A duplicate copy of

i

The Commissioner is hereby authorized o charge payment of the following fees associated

with this communication or credit any averpayment to Deposit Account 02-2666.

XXX Any additional filing fees required under 37 CFR 1.16 for presentation ol extra claims.
_XXX Any extension of petition fecs under 37 CFR 1.17.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN
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Date: 77;»6’&W? ‘,f" ‘ / //1/ /‘
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Keith G. Askoff
Reg. No. 33,828

12400 Wilshire Blvd., 7th Floor
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE () C N

In re Application of:
Jed Margolin

Serial No.: 08/274,394 Examiner: T. Nguyen

Filed: July 11, 1994 Art Unit: 2304

For:  PILOT AID USING SYNTHETIC
REALITY

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

AMENDMENT AND RESPONSE

Dear Sir:
In response to the Office Action of November 9, 1994, please enter the

following amendments and consider the following remarks.

-~

IN THE TITLE /

Please deleta tha entire title and replace it with:

--PILOT AID USING A SYNTHETIC ENVIRONMENT--

IN THE ABSTRACT

Page 36/Ts(nes <72, please delete "means for determining” and replace it
with:

--way to determine-- 7
y
12 76.00 cx
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IN THE SPECIFICATION
On page 7/ line 12, please delete “service” and replace it with:

--survey--

On page/‘l{’line 15, please delete "service” and replace it with:
--survey--
s —~ :
On page 11.( line 9, please delete "12e" and replace it with;
--12f--

e

On page 11, line 9, please delete "13¢" and replace it with:

~13f-

On page 15, fine 10, please delete "104" and replace it with:

--106--

. e
- '
On page 16/ line 4, please delete "the the" and replace it with:

--to the-- .
/
On page 29, line 2, please delete "service" and replace it with:
--survey--
-
On page 30, lina 16, please delete "12e" and replace it with;
--12f--
\'/V —
On page 30, line 17, please delete "13e" and replace it with:
--13f--

01249



/

Please amend claims 1 - 13.

e L . P

/
/

/

/
1. (Once Amended) A pilot aid which uses an/éircraft's position and attitude
to transform data from a digital data base to presepf a pilot with a synthasized thres

/
dimensional projected view of the world comprisjng:

/
a position determining system [means] for locating said aircraft's position in

¢
/

three dimensions; /
/

a digital data base [means containing_-"vpolygonl gcomprising terraip data, said
terrain data representing terrain ag_qnm_m_g&mm [and manmade
!

structures);

an attitude determining system [m"eans] for determining said aircraft's
;
orientation in three dimensional space;'

[a control panel means for allovv';/ing said pilot to selact different operating
features;} v/

a computer [means for using said aircraft position data] to access said terrain
mamﬂwmmﬁmllm and [manmade structure data from said
digital data base and using said aircraft orientation data] to transform said terrain
[and manmade structure] data t_d provide three dimensional projected image data
according to said augmﬁ_s_gngmam_a [operating features selected by said pilot];

a display [means] for djSpIaying said three dimensional projected image

data.
2. (Once Amended) The pilot aid [position determining means) of claim 1,

wherein said position determining system [means] comprises a standard system for

receiving and processing data from the global positioning systam.

. ).—3-‘,"

01250
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3. (Once Amended) The pilot aid [attitude determining means] of claim 1,

whersin said attitude determining gystem [means) comprises a standard avionics

system.

4. (Once Amended) The pilot aid [digital data base] of claim 1, wherein said

digital data base [means] comprises a cd rom disc and cd rom drive.
3>
5. (Once Amended) The pilot aid [gontral panel means] of claim 1

said gne or more operating featurds comprise gne or more featuras selected from

the group consisting of panning a/viewooim of said thr i ional oroi

image. tilting a viewpoint of said three dimensional projected image. zooming a

viewpoint of said three dimensjonal projected image. and providing a three

dimensional projected image éf a route ahead [control panel means permits said

pilot to preview the route ah ad).

7. {Once Amended) pilot aid which uses an aireraft's position and attitude
to transform data from a digital data base to present a pilot with a synthesized three
dimensional projected viéw af the world comprising:

a position determining system [means] for locating said aircraft's position in

three dimansions;



APPENDIX --Suandard DLG Distribution Format (Record Contents)

In the standard DLG distribution format, the topological linkages are contained only in the line elements. The
files are physically comprised of standard 8-bit ASCII characters organized into fixed-length logical records of
144 characters. Nine distinct record types are defined.

Logical
record
_Content

ype
A Header record containing DLG identification information.

B Header record containing projection information and registration points.

C Header record identifying data categories contained in this DLG and indicating the
number of nodes, areas, and lines in each category.

Dl A node or an area record.

D.2 A line record.

E Record containing x,y coordinate string.

F Record containing auribute codes.

G Record containing lext string (not currently used).

H Accuracy estimate (not currenty used).

The actual sequence of records in a standard dismibution DLG file is as follows:

L

ro

Header records
Type A (one record)
Type B (one record)
Type C (one record)

Data records

Node records Repeated
Node description (D.1) for each
Attribute codes (F) node within a 3\
Text string (G) data category
Area records
Area descripuon (D.J) Repeated Repeated
Aurbute codes (F) for each for each
Text stnny (G) area within a p- daw category
data category
Line records
Line description (D.2) Repeated
x.y coordinates (E) for each
Atribute codes (F) line within a J
Text string (G) data category

Accuracy estimate
Type H (one record) (not currently used)

r

AN
(S

g



APPENDIX  --Sample DLG Data File (Optional Distribution Format)
(Bach 80-character record is shown as & single line.)

USGS-NMD DLG DATA - CHARACTER FORMAT - 09~29-82 VERSION

GLEN ELLEN 1968 24000
3 1 10 2 0.61000000000D+00 4 0 4
-0.122033045000000D+05 0.380180450000000D+08 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.10000000000D+01 0.0 0.0 0.0
SW 38.250000 -122.625000 532812.91 4233413.86
NW 38.375000 -122.625000 532757.10 4247282.79
NE 38.375000 -122.500000 543674.93 4247335.01
SE 38.250000 -122.500000 543750.25 4233465.56
BOUNDARIES (24&25) 0 16 16 010 7 7 010 20
N 1 532812.91 4233413.86 2 0 0
1 ~-10
N 2 532757.10 4247282.79 2 0 0
-2 3
N 3 543674.93 4247335.01 2 0 0
-6 7
N 4 543750.25 4233465.56 2 0 0
-9 10
N 5 532773.94 4242301.15 3 0 0
-1 2 12
N 6 539496.77 4247314.04 3 0 0
-3 4 17
N 7 541771.16 4247326.01 3 0 0
-4 5 -19
N 8 542795.89 4247330.85 3 0 0
-5 6 =14
N 9 543686.72 4244968.57 3 0 0
-7 8 -15
N 10 543703.06 4242158.35 3 0 0
-8 9 -20
N 11 540333.59 4246706.56 3 0 0
-16 -17 18
N 12 541593.59 4245945.02 3 0 0
-18 19 20
N 13 536379.09 4234192.12 2 0 0
11 -11
N 14 542800.74 4247208.34 2 1 0
14 15
S0 1
N 15 537351.64 4243171.97 2 1 0
-12 13
30 1
N 16 538780.02 4243415.25 2 1 0
-13 16 )
90 1

'
.

<t

Lo



APPENDIX  --Optional DLG Distribution Format (Record Contents)

In the optional DLG distribution format, topological linkages are explicitly encoded for node and area
clements as well as for line clements. The files are physically comprised of 8-bit ASCII characters organized

into fixed-length logical records of 80 characters (bytes). Bytes 1-72 of each record may contain DLG data,
and bytes 73-80 may contain a record sequence number.

The 11 distinct record types used in the optional DLG distribution format may be categorized as header and
data records.

Four types of records are considered header records:

File identfication and description records
Accuracy records {not currently used)
Control-point identification records
Data-category identification records

Seven types of records are considered data records:

. Node and area identification records

. Node-to-line linkage records

. Area-to-line linkage records

. Line identification records (also contains line-to-node and line-to-area linkages)
. Coordinate string records

. Attribute code records

. Text records (not currenty used)

The actal sequence of records in an optional distribution format DLG file is as follows:

I Header records

Ten file identification and
description records

Accuracy records (not currently used)

Control point identificaton records
(one per control-point)

Data category identification records
(one per data category in the file)

2. Data records

Node identification record Repeated
Node-to-line finkage record(s) for each
Attribute code record(s) node within a N
Text record(s) data category

Area identification record Repeated Repeated
Area-to-line linkage record(s) for each for each
Autribute code record(s) area within a } data category
Text record(s) data category

Line identification records Repeated
Coordinate string record(s) for each
Attribute code record(s) ling within a /
Text record(s) data category



Palheros

The 3SPACE FASTRAK ineludes a

System Eleereanies Unit (SED), power

supply, one recciver, and une transimit-

ter. You cun expand the system’s
capabilities simply by adding up to
three additional receivers.
FASTRAK is ulso wvailable as a
hoard level product for DEAVAR
applications.
> System Eleciranics Unit
Cuntains the Wardware und
soltware DECESSUTY 1) wenerale
the magaetic fieldi, compute
position and orientation, and
interface with the hos computer
viaan BS-232 or {ERE 488

eonpection. (R5-422 oprinnat)

P Traasmitter The transmivter
ts a triad of electromugnenie

coitls, enclosed in a plastic shell,
that emits the magoetic fields. The
transmitter is the system’s ceferenen

frame {or receiver measarements,

» Receiver The ceceiver is # simall

triad of electromagnetic coils, eneclosed

in u plastic shiell, that deteets 1he

maguetic ficlds emitted by the transmir-

ter. The receiver is a lightweight cube

whase position and arientation is

precisely messured us itis moved. For

3D mouse applications you can ot

3BALL™, which contains the recciver

mounted in 2 convenient hatl along with

a switch.

> Real Time Virtuully ua lateney.
Digital Signal Processing (DS
terhaology provideys 4y lateney,
upilated 00120 He, Al data are
transmitted tu the host at W ta

1K hytesiser.

» tmproved Accuracy and
Resolution Accuracy of (.04 in
RMS with a resolution of 0.0003 infin
mukes this the most precise device

of its kind,
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e ISPACE™ FASTRAR?
urenrately computes the
position and orientation of
A tiny receiver as o moves throagh
spuee, This device virtaally elimi-
nates the problem of latency as it
provides dynamic, real time six-
egree-of-freedom measurement of
positian (X, Y, and 7 Cartesian
covrdinates) and orientarion
(azimnth, elevation, und roll).
FASTRAK is the perfeet solution

for interfu

s with Virtual Reality
enviremuenis and contralling
simulalor projectors or other
applications where real time
respunse is critical. It is also ideal
for measuring range of swotion

ot limb rotation in biomedical

research, [t is a fast, aceurate,

#aky 10 nse, and effective method
of euptucing motion duta wi any
non-metallic object.

The FASTRAK system niilizes a
single transminer and can accepl

data from up tu fovr receivers. 1f

that isn'Uenaugh, you van

freque wev-pudtiplex up o eight

systems (that’s 32 receivers) with ne
change in the update rate. The nse

of wdvanced digital signal processing
(BSP) L
update rate of 120 Hz (with a single

ology provildes un

receiver) and a remarkalie ds

lateney, The data are then transimit-

teal over a high speed RS-
interfuce at up 10 115.2K baud or

aver an even fuster IERE-U8 at up
to LK bytes/see. Il your applica-

v cequires using the system in
close proximity to a CRT, FASTKAK
has special cirvuitry 1o allow you tu
synchronize with it fur improved
performanee.

And becanse FASTRAK uses
patented low-frequency muguetic
transducing technalogy, there's no
need e worey aliont maintaining a
clear line-of-sight between receiver aml
transmitter. Polhewnos hus eliminated
e prablem of sigoul blocking that

Huits sonic or laser devices.,

» Range Uperation mvera range up
to 10 feet is now possible.

» Multiple Receiver Operation
Permits measerement of up 1o 4
receivers on a single system and up o

A2 re

ceivers at a tlime, wiilizing eight (4)
multiplexed systems

> Reliable From the pioneer in 3D
positionfarientation measuring devices,
in business since 1970, Factory
calibrated, aever necds adjustmenr,

> Multiple Qutput Formats
Position in cartesian coordinates
{nor cm); orientation i direction

cosines, Eoler angles, or quarernians.

APPLICATIONS :

> Virtual Reality Fromihe
heginniug, Polhemus 3SPACK
systeans have heen the systems of
chuive for VI head and boiy tracking
applications. Now FASTRAK tukes
you to the next generation with real

tine tracking.

» Head Mounted Oisplays
FASTRAK is the consummare

solution for head-manoted displays
utilized in military, VI, or simulator
applications. FASTRAK virtually
eliminates latency {lag).

> Biomechanical Anaiysis Mounnt up
to 32 receivers on parts of the anatomy
wnd collect real time relative movemenr
data for gait and limb analysis. Perfiet
fur leg, joint, spinal, or sheulder
rotglivnal rasurement.

» Graphics The natural Wity to fmati-
pulate geaphies for unimation nr simu-

latian. The receiver, mannted in a e

stylus, ar ather hand held deviee, is Uie

ihcal was 1o zain real lime controf over
the plavement of cameras, light sonrces,
Projeriors, or any movahle image.

> Stereotaxic Localization

The veceiver can be mouated sn a
nan-aietullic object (such us a robatie

prosthesis) to determine its position

017256
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'Dlgrﬂ;aa graphics of player Inslrucﬂon acreens for .

“ACTirsi person View of an ané.ﬁ'ry;r
;- tank in the mrgel racticte.
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Exc:lek; COMBAMACTION!

% Training mission for beginning players

* 12 unique combat missions for competilive or
cooperative play against enemy targets

* Two-player head-to-head combat where the
mission is to shoot down ihe other player

Select a combat mission. 2oom into 3 firet-person view of Destroy the iols belore they lake off
enemy transpon trucks, from the runway.

REALISTIC HELICOPTER CONTROLS!
Each player station includes: % Rudder, a realistic racking bar at the player's
* Cyclic, a joystick-like control, for movement feet, for stationary ratation ;

forward, reverse, left and right Y Zaom buttan on control panel 1o select third-
Y Trigger hutton on cyciic for firing 30mm person or firsi-person perspective

machine gun Y Real Helicopter Fiight mode ta challenge the
Y Thumb button on cyclic to fire missiles or skilled player .

rockets Y Atari's exclusive "Rump-Thump;" when hit by
% Collective, a handle at the left side of the seat, enemy fire, an audible kick is delivered to me

for controlling helicopter altitude Player's seat by a solenold

Take a test flight at your local Atari Games Distributor today!
Atari Games Corporation, 675 Sycamoare D@e. P.Q. Box 361110, Milpitas, CA 85035 {408) woha0 .

Distributor:




il s N aida

Get Behind the Wheel and Feel the Thrill)
Slide into the contoured seat and adjust
it to fit the length of your arms and legs, .
Place your feet on the gas and clutch, - -
. try your hand on the stick'shift, Select . -
manual or automatic transmission, turn

- the ignition key and you're off. .

" Atar} Games Corporation, 675 Sycamore Dri
€ 1988 Arari Camcs Corporation. Alf rights reserved, L e




AOUR VEHICLE FOR
HIGH-PERFORMANCE
EARNINGS!

23 L2 0 8 ey
Depthiseat ing: 62 12 i, (i) ey
Hadahi: 77 10, (197 oy

Weight: 73001, (340 ke

How would you like to test
drive a high-powered
SPOrts car on a
stunt course? Now
vou have your
chance, courtesy of
Atari Games!

Flave you ever jumped
a draw bridge or driven a \U“ﬁ
vertical loop? Now you can!
These thilling srunes, among
others, provide the ultimate re-
alistic driving experience.

Or, maybe high-speed driv-
ing is your type of excitement.
Put the pedal 1o the meral and
try 1o keep control around the
corners, weaving in and out of
traffic while avoiding oncom-
ing cars. All this
and

Compact sitdown model will follow,

more await you behind
the whee!l of Hard

Drivin’.

Hard Drivin’:

I’s the ride of

i o the tires grip the
.‘“;m‘*“‘ road as you ke a
W wide tum ar high

speed. The feedback
steering alerts you ro the small-
est change in the road. You
catch air as you fly the draw
bridge and land on the down
ramp. You are in control as the
car holds the road on the verti-
cal loop...

Test the limits of our
car and vour skill with
no risk of personal in-
jury, and follow a
course that does
not exist anywhere
in the real world.

[
Hard o gy,
.. . Cray
Drivin is

s
equipped with

)32

£

BExciting stunz track
with & 360-dearee lonp!

your life. You fecl

L'A',zzqcé

A true three-dimen-
sionnl world presentod

* center-feel steering with
continuous force feedback o
adjustable swivel seat » 2as,
brake and clutch pedals
four-speed
stick shift o
higher-reso-
lution moni-
tor ¢ instant
replay of crash
sequences o
championship .
“grudge” march, AV

i
iel sed
swiv

rable

After-market options include
* doltar bill accepror « over-
head display assembly. » Com-
pact sitdown model will follow
the introduction of the deluxe
cockpir version depicted
herein.

Shift your
'y R.O.L into high
gear with Hard

Drivin’

Distributed By:

eine
the top Hard Driver]

o1 the screen!

012,0
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UNITED STATES OEPARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND THADEMARKS
Washington, D.C. 20231

[ SERIAL NUMBER | FILING DATE | FIRST NAMED INVENTOR

[ ATTORNEY DoCKET ND. |

BL/274,394 @7/11/94 MARGOL IN

[ EXAMINER ]

. NGUYEN, T
23M1/1107 ART UNIT PAPER NUMBER
JED MARGOLIN ] ‘ |
357@ PLEASANT ECHO DRIVE C:\:}
SAN JOSE CA 951483-1914 -
2304

DATE MAILED:

This Is a communication from the examiner in charge of your application. 11/09/94
COMMISSIONER OF PATENTS AND TRADEMARKS

Mhls application has baen examined D Responsive to communicalion filsd on
D —

A shortened statutory period tor response to this action is set to expire j month(s), _ ( _.? days from the date of this leftar,
Failura 1o respond within the pariod for response wili cause the application to bacome abandoned. 35 U.S.G. 133

Partl THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

Notice of Refarences Cited by Examiner, PTO-892. i 2, Notice of Draftsman's Patent Drawing Review, PTO-948.
R Notice of At Citad by Applicant, PTO-1449. C_é < LEU")) 4. Notice of Informal Patent Application, PTO-152.
5. D Information on How 1o Etfect Drawing Changes, PTO-1474. 8.

Part It SUMMARY OF ACTION

I.Mmalms ( . 15

Of the above, claims
2. D Claims
3. D Claims are allowed.
4M0lalms l - { 2) — __ are rejectad.
5. D Claims

6. D Claims

7. D This application has been tlad with informal drawings under 37 C.F.R. 1.85 which are acceplable for examination purposes.

— are pending in the application.

are withdrawn from considsration.

have bean cancelled.

are objected to.

are subject to rastriction or election requirament.

8. D Formal drawings are required In response (o this Office action.

8. D The carrected or substilute drawings have bean raceived on _

- _. Undur 37 C.F.R. 1.84 these drawings
are [Jacceptable; [ not acceptabie (see explanation or Noltice of Draftsman’s Patent Drawing Review, PT0O-948).

10. D The propossd addiiional or substitute sheet(s) of drawings, filed on . has (have) been Qapproved by the
examiner; [Jdisapproved by the examiner {see explanation).

1. D The propased drawing correction, liled — .. hasbeen Olapproved; O disapproved (see explanalion).
12, D Acknowladgament is mads of the claim for priority under 35 U.S.C. 119, The certifled copy has [ heen received

O ot beer, recaivad
1 been filad in parant application, sarial no. ; flled on

13. D Since this application apppears to be In condition tor allowance except tor formal m
accordance with the practice under Ex parte Quayle, 1335 C.D. 11; 451 0.G. 213,

14. ] other

atters, prosecution as 1o the merits Is closed in

EXAMINER'S ACTION
PTOL-326 (Rev. 2/63)

D This action Is made final.



Serial No.: 08/274,394 )
Art Unit: 2304

Part IIT DETAILED ACTION

1. This application has been examined. Claims 1~13 are
pending.

Specification

2. The title of the invention is not descriptive. A new title

is required that is clearly indicative of the invention to which

the claims are directed.

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

The abstract should be in narrative form and generally
limited to a single paragraph on a separate sheet within the
range of 50 to 250 words. It is important that the abstract not
exceed 250 words in length since the Space provided for the
abstract on the computer tape used by the printer is limited,
The form and legal phraseology often used in patent claims, such
as "means" and "said", should be avoided {emphasis added). The
abstract should describe the disclosure sufficiently to assist
readers in deciding whether there is a need for consulting the
full patent text for details.

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

Appropriate correction is requested.

Claim Rejections -~ 35 Usc § 112

Crege



Serial No.: 08/274,394 3
Art Unit: 2304
4. Claim 1-13 are rejected under 35 U.5.C. § 112, second
paragraph, as being indefinite for failing to particularly point
out and distinctly claim the subject matter which applicant
regards as the invention.

4.1. As per claim 1 (as exemplary of claims 1, 7 and
13), lines 6-7 , the phrase "polygon data representing terrain
and manmade structure" is unclear since there is no indication of
what the polygon and manmade structure are, Clarification is
requested. Furthermore, on lines 10—11,‘the Phrase "“difference
operating features" is not defined properly. Moreover, the
bPhrase "using said aircraft position data to access Ssaid terrain
and manmade structure data from sald digital data basge" on lines
12-13 is unclear since there is no recitation of how to "access"”
the data from the digital data base by using the aircraft
position data. Clarification is requested. In addition, on
lines 14-15, the phrase "transform said terrain and manmade
structure data to provide three dimensional projected image data"
is also unclear since there is no indication of how top transform
the terrain and manmade structure data to provide three
dimensional projected image data. Clarification is needead.

q.

o

As per claim 5 {as exemplary of claims 5 and 11)
line 2, the phrase "the functions of pan, tilt, and zoom” is
unclear since they are not defined properly.

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

line 6, the phrase "the route ahead" has no antecedent basis.

01263



Serial No.: 08/274, 394 4q
Art Unit: 2304

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

4.5, As per claim 13, the instant Passage on lines 10-
12 is not defined properly. Clarification is requested.

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

parent by dependency.

S. The following rejections are based on the examiner'sg best
interpretation of the clainms in light of the 35 U.8.C. 112 errors

noted above.

Claim Rejections ~ 35 UsC § 103

6. The following is a quotation of 35 U.s.c. § 103 which forms
the basis for all obviousness rejections set forth in this Office
action: :

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

section 102 of this title, if the differences between the
subject matter Sought to be patented and the prior art are
such that the subject matter 45 a whole would have been
obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by
the manner in which the invention was made.

Subject matter developed by another berson, which qualifijes
as prior art only under subsection (f) or {g) of section 102
of this title, shall not preclude patentability under this
section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to rhe same
person.



Serial No.: 08/274,394 6
Art Unit: 2304

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

7.2. With respect to claims 2-3 and B8-9, BReckwith et
al. discloses the claimed invention as discussed above hut does

not explicitly discloses that the position determining means

comprises a standard system for retrieving and processing data



Serial No.: 08/274,394 7

Art Unit: 2304

from the global poéitioning system and the attitude determining
means comprises a standard avionics systems. However, the use of
the standard system for retrieving and processing data from
global positioning system and the standard avionics systems are
well known effective and efficient means for determining the
position and the orientation of the aircraft. For examples, the
Maher patent (4,485,383) shows a receiver for receiving global
positioning system and the Timothy patent shows a methoé for
determining the orientation of a moving object form a single Gps
receiver and producing roll, pitch, and yaw information. 71¢
would have been obvious to one of ordinary skill in the art at
the time of the invention to utilize the global pPositioning
system and the standard avionics system in such a system as
taught through Beckwith et al. because it would produce high
degree of accuracy in determining the position and Orientation of
the aircraft including roll, pitch, and yaw information.

7.3. With respect to claims 4 and 10, Beckwith et al.
does not specifically disclose that the digital data base means
comprises a CD rom disc and CD rom drive. However, the use of CD
rom disc and CD rom drive for storing data is well known
effective and efficient means for storing any data. It would
have been obvious to one of ordinary skill ip the art ar the time
of the invention to utilize CD rom disc and CD rom drive in such

a system as taught through Beckwith et al. because it would

permit high degree of accuracy in the storing and restoring data,



Serial No.: 08/274,394 )
Art Unit: 2304
random access to the data so that the ‘requirements for cache

storage are reduced.

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

Beckwith et al. and Behensky et al. disclosge the claimed
invention except for a head mounted display means worn by the
pilot and an attitude determining means for determining the
orientation of the pilot's head in three dimensional space.
However, the sales brochure from the Polhemus company suggests
the commercial available of a position and orientation sensor
which can be used on a head-mounted display. The suggestion of
the Polhemus company would have motivated one of ordinary skill
in the art to combine the teaching of Polhemus company with the
System of Beckwith et al. in order to allow the pilot to have a
complete range of motion to receive a synthesized view of the
world, a complete unhindered by the aircraft structure. 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 in Polhemnus's

brochure and Beckwith et al. patent.

SYPA N



Serial No.: 08/274,394 9
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Conclusion

9. The following references are cited as being of general
interest: Lewis (4,028,725), Lerche (4,910,674), Baird et al.
(4,954,837), Fitzpatrick et al. (5,072, 396), Ferguson et al.
(5,192,208), Pitts (5,208,590), and wWells et al. (5,334,991 .

10. All claims are rejected.

11. Any inquiry concerning 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 normally be reached on Monday-Thursday from 7:30
AM-6:00 PM.

If attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Kevin J. Teska, can be
reached on (703) 305-9704. The fax phone number for this Group
is (703) 305-9564.

Any inquiry of a general nature or relating to the status of
this application should be directed to the Group receptionist
whose telephone number is {703) 305-3800.

/
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ABSTRACT .
Wi r'—r*J‘ ) £ CL,;.L:"\JNnA/“\ e

A pilot aid using synthetic reality consists of %(meane—fcu%~
‘determining the aircraft’s position and attitude such as by the global
positioning system (GPS), a digital data base containing three-dimensional
polygon data for terrain and manmade structures, a computer, and a display.
The computer uses the aircraft‘s position and attitude to look up the terrain
and manmade structure data in the data base and by using standard computer
graphice methods creates a projected three-dimensional scene on a cockpit
display. This presents the pilot with a synthesized view of the world
regardless of the actual visibility. A second embodiment uses a head-mounted
display with a head position sensor to provide the pilot with a synthesized
view of the world that responde to where he or she is looking and which is not
blocked by the cockpit or other aircraft structures. A third embodiment allows

the pilot to preview the route ahead or to replay previous flights.
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BACKGROUND OF THE INVENTION

This invention relates to a pilot aid for synthesizing a view of the
world. When flying under Visual Flight Rules (VFR) the normal procedure for
determining your position is to relate what You see out the window to the
information on a paper map. During the day it can be difficult to determine
your location because the desired landmark can be lost in the clutter of
everything else. Wheﬁ\f}ying at night you see mostly lights. When flying under
Instrument Flight Rules\}lFR) you must relate the information from various
navigation aids to the information on a printed map. You must then interpret
the map information in order to avoid flying into objects such as mountains
and the like. An improvement {n this situation came about when the global
positioning system (GPS) became operational and avalilable for civilian use.
GPS directly provides map coordinatea but you must still, however, interpret
the map information. Systems have been developed which use Gps coordinates to
access an electronic map which is presented on a display as a flat map.
Systems have also been developed that present an apparent three-dimenaional
effect and some that present a mathematically correct texture-mapped three-—
dimensional projected display.

Both of these gystems require a very large amount of storage for
terrain data. The latter system also requires specialized hardware. Their high

cost have prevented their widespread adoption by the avaiation community.

& 6O /
> g}&(?s{a, 2% A

0127

W



_2_

The 1984 patent to Taylor et al. (U.8. Patent No. 4,445,118) showe the
basic operation of the global positioning Bystem (GPS).

The 1984 patent to Johnson et al. (U.S. Patent No. 4,468,793) showe
a raceiver for receiving GPS signals.

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

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

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

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

The 1992 patent to Fraughton et al. (u.s. Patent No. 5,153,836) shows
a navigation, surveillance, emergency location, and collision avoidance
system and method wheraby each craft determines its own position using LORAN
or GPS and transmite it on a radio channel along with the craft's
identification information. Each craft also receives the radio channel and
thereby can determine the position and identification of other craft {n the
vicinity.

The 1992 patent to Beckwith et al. (U.S. Patent No. 5,140,532)
provides a topographical two-dimensional real~time display of the terrain over
which the aircraft is passing, and a alope—shading technique incorporated jinto
the system provides to the diaplay an apparent three-dimensional effect
similar to that provided byba relief map. This ia accompliashed by reading
compressed terrain data from a cassette tape in a controlled mannar based on

the instantaneous geographical location of the aircraft asg provided by the
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aircraft navigational computer system, reconstructing the compressed data by
suitable processing and writing the reconstructed datalinto a scene memory
with a north-up orientation. A read control circuit then controls the read-out
of data from the scene memory with a heading-up orientation to provide a real-
time display of the terrain over which the aircraft ia passing. A symbol at
the center of display position depicts the location of the aircraft with
respect to the terrain, permitting the pilot to navigate the aircraft even
under conditions of poor visibility. However, the display provided by this
system is in the form of a moving map rather than a true perspective display
of the terrain as it would appear to the pilot through the window of the

ajrcraft.

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

1. The 157 Patent stores the map as a collection of terrain points with
associated altitudes; the large amount of 8torage required by this
approach requires that a tape be prepared for each mission.

The present invention stores terrain data as a collection of polygons

which results in a significant reduction of data base storage; larger

geographic areas can be stored so that it it not necessary to generate
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a data base for 9§ch mission.

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

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

The ‘157 accounts for the roll attitude of the aircraft by
mathematically rotating the screen data after it is projected. The ‘157
Patent does not show the display being responsive to the pitch angle of
the aircraft. In aystems such as this the lack of fidelity is apparent
to the user. People know what things are supposed to look like and how
they are supposed to change perspective when they move. The present
invention uses techniques that have long been used by the computer
graphics industry to perform the mathematically correct transformation
and projectiaon.

The *157 shows only a single cockpit display while one of the
embodiments of the present inventlon shows a stereographic head-mounted
display with a head sensor. The pilot is presented with a synthesized
view of the world that is responsive to wherever the pllot looks; the
view i8 not blocked by the cockpit or other aircraft structures. This

embodiment ls not anticipated by the '157 patent.
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The 1991 patent to Behensky et al. (U.S. Patent No. 5,005,148) shows a
driving simulator for a video game. The road and other terrain are produced
by mathematically transforming a three-dimensional polygon data base.

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

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

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

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

2. The ‘638 Patent stores the map as a collection of terrain points with

associated altitudes, thereby requiring a large amount of data storage.

o 012739
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The terrain pointe are transformed into polygons during program run-
time, thereby adding to the processing burden. The present invention
stores terrain data as a collection of polygons which results in a
significant reduction of data base storage.

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

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

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

The 1994 patent to Lewlns (U.S. Patent No. 5,302,964) shows a head-up
display for an alircraft and incorporates a cathode-~ray tube image generator
with a digital look-up table for distortion correction. An optical system
projects an image formed on the CRT screen onto a holographic mirror combiner
which is transparent to the pilot‘'s direct view through the aircraft
windshield.

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

The article from EDN magazine, January 7, 1993, pages 31;42, entitled
"System revolutionizes surveying and navigation* is an overview of how the
global positioning system (GPS) works and lists several manufacturers of
commercially available receivers. The article also mentions several

applications such as the use by geologists to monitor fault lines, by oil
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companies for off-shore oil explorations, for keeping track of lower-orbit
satellites, by fleet vehicle operators to keep track of their fleet, for crop
sprayers to spread fertilizer and pesticides more efficiently, and for in-car
aystems to display maps for automotive navigation.

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

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

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

The salas brochure from thevU.S. Geological~sa$v49§kshowé the
availability of Digital Elevation Models for all of the United States and its
territories. ERYVRELI W

The second eales brochure from the u.s. Geological-Sevaeglghows the
availability of Digital Line Graph Models for all of the United States and its
territories. The data includes: political and administrative boundaries;
hydrography consisting of all flowing water, standing water, and wetlands;
major transportation systems consisting of roads and trails, railroads,
pipelines, transmission lines, and airports; and slgnificant manmade
structures.

The Washington Sectional Aeronautical Chart is a paper map published
by the U.S. Department of Commerce, National Oceanic and Atmospheric
Administration that shows the complexity of the information that an aircraft
pilot needs in order to fly in the area covered by the map. The other areas of
the U.8. are covered by similar maps.

The sales brochure from Jeppesen Sanderson shows that the company

makes its navigation data bage available in computer readable form,
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Accordingly, several objects and advantages of my invention are to
provide a system that produces a mathematically correct three-dimensional
projected view of the terrain while reducing the amount of storage required
for the data base and which can be accomplished by using standard commercially
available components. The invention can be used as a real-time inflight
aid or it can be used to preview a flight, or it can be used to replay and

review a previous flight.

Further objects and advantages of my invention will become apparant

from a consideration of the drawings and ensuing description.
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8UMMARY OF THE INVENTION

The present invention is a pilot aid which uses the 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.

The three-dimensional position is typically determined by using the output of
a commercially available GPS receiver. As a safety check, the altitude
calculated by the GPS receiver can be compared to the output of either a
standard altimeter or a radio altimeter. Attitude can also be determined from
the use of a GPS receiver or it can be derived from standard avionic
instruments such as turn-and-bank indicator and gyrocompass. The digital

data base represents the terrain and manmade structures as collections of
polygons in order to minimize storage requirements. The pilot can select
s8everal feature such as pan, tilt, and zoom which would allow the pilot

to see a synthesized view of terrain that would otherwise be blocked by the
aircraft’s structure, especially on a low-wing aircraft. The pilot can also
preview the route elther inflight or on the ground. Because the system has the
ability to save the flying parameters from a flight, the pilot can replay all
or part of a previous flight, and can even take over during the replay to try
out different flight atrategies. Through the use of a head-mounted display
with a head sensor, the pilot can have complete range of motion to receive a
synthesized view of the world, completely unhindered by the aircraft

structure.
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DESCRIPTION OF THE DRAWINGS

FIG.
diseplay.

FIG.
display.

FIG.

1 is a block diagram showing the output to a Bingle video

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

3 is a block diagram showing a syatem used to Plan and/or

replay a particular flight.

FIG.

4 is a block diagram showing Computer 107 and Graphics System 108

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

FIG.
peint around
FIG.
point around
FIG.
the rotation
FIG.
around the Y
PIG,
around the X

FIG.

5a shows a simple positive (counter~clockwiae) rotation of a
the origin of a 2-Dimensional space.

5b shows a second positive (counter~clockwise) rotation of a
the origin of a 2~Dimensional epace.

6a shows the equivalent three dimensional gpace of FIG. Sa where
is around the 2 axis.

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

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

axis.

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

dimensions projected onto a two-dimensional acreen.

FIG.

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

dimensions projected onto a two~dimensional screen.

FIG.

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

viewing pyramid.

FIG.

FIG.

FIG.

FIG.

sides to the

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

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

9a shows an unclipped polygon.

9b showsa how clipping the polygon in FIG. 9a produces additional

polygon.
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FIG. 10a shows the impending crossover from Geographic Data Block
21 to Geographic Data Block 22.
FIG. 10b shows the result of a crossover from Geographic Data Block
21 to Geographic Data Block 22.
FIG. lla shows the impending crossover from Geographic Data Block
22 to Geographic Data Block 32.

s FIG. 11b shawe the result of a crossover from Geographic Data Block

22 to Geographic Data Block 32.
§ $
o~ FIG. 12a through FIG. lgﬂ, and FIG. 13a through FIG. lmi show the
" )

procedure for generating the polygon data base from the Digital Elevation

Model data.
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DETATLED BPECIFICATION

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

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

Computer 107 uses the aircraft’s position from GPS Receiver 101
to look up the terrain and manmade structure data in CD-ROM Data Base 105.
This data is organized in geographic blocks and is accessed so that there
is always the proper data present. This is shown in FIG. 10a. FIG. 10b shows
that when the aircraft crosses from Black 21 to Block 22, the data from
Blocks 10, 20, and 30 are discarded and data from Blocks 13, 23, and 33 are

brought in from CD-ROM Data Base 105. FIG. lla and FIG. 11b show the aircraft

crossing from Block 22 to Block 32.
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Computer 107 uses the aircraft’'s position from GPS Receiver 101 and
attitude information from Turn-and-bank Indicator 102 and Gyrocompass 103 to
mathematically operate on the terrain and manmade structure data to present
three-dimensjional projected polygons to Graphics System 108. As ahown in
FIG. 4, Graphics System 108 consists of a commercially available graphics
integrated circuit 409, the 86CB0S, made by s3 Incorporated. This integrated
circuit contains primitives for drawing lines in addition to the standard SVGhA
graphics functions. The 86C805 controls DRAM 410 which is the videa memory
consisting of two buffera of 1024 x 768 pixele, each of which ig 8 bits deep.
The video to be displayed from DRAM 410 is sent to RAaMDAC 411 which is an
integrated circuit commercially available from several manufacturers, such as
Brooktree and AT&T. RAMDAC 411 contains a small RAM of 256‘x 24 bits and three
8-bit DACs. The RAM section is a color table programmed to assign the desired
color to each of the 256 combinations possible by having 8 bits/pixel and is
combined with three video DACs, one for each color for Video Display 109.

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

FIG. 2 shows the use of the system with Head Mounted Display 201. Head
Mounted Display Attitude Sensors 202 provide Computer 107 with the orientation
of Head Mounted Display 201. Thia orientation is Concatenated with the
aircraft’s orientation provided by Turn-and-bank Indicator 102 and Gyrocompass
103. As a consequence the pilot can turn his or her head and view the three-
dimensional synthesized view of the transformed terrain and manmade atructure
data unhindered by the aircraft’s structure. With the appropriate sensors
for engines, fuel tanks, doors, and the like, the pilot can be prasented
with gsynthesized representations of theae objecta in their correct locations.
For example, the pilot would be able to ‘look’' at a fuel tank and ‘see’ if jt

is running low. The pilot would also be able ta ‘see’ if there is a problem
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with an engine and, on multi-engine aircraft, identify which one. By using a
technique similar to that taught in the 1992 patent to Fraughton et al. (U.s.
Patant No. 5,153,836) where each aircraft determines its own position using
LORAN or GPS and transmits it on a radio channel along with the alrcraft’s
identification information so that each craft also recelves the radio channel
and can thereby determine the position and identification of other craft in
the vicinity, these other aircraft can be presented in the present invention
as three-dimensional objects in their correct positions to alert the pllot to
their presence and take evasive maneuvers as required.

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

A method for previewing a route that hag not been flown before ig
shown in FIG. 3 . GPS Receiver 101, Turn-and-bank Indicator 102, Gyrocompass
103, and Altimeter 104 are replaced by Uaser Flight Controls with Force
Feedback 301 and Aerodynamic Model Processor 302. Aerodynamic Modael Processor
302 is a processor that implements the aerodynamic mathematical model for the
type of aircraft desired. It receives the uger inputs from Uger Flight Control

with Force Feedback 301, performs the mathematical calculations to simulate

the desired aircraft, and supplies output back to the Force Feedback part of
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the controls and to Computer 107. The outputs supplied to Computer 107
simulate the outputs normally supplied to GPS Receiver 101, Turn-and-bank
Indicator 102, Gyrocompass 103, and Altimeter 104. In this way, Computer 107
executes exactly the same program that it would perform in the in-flight
system. This permits the pilot to practice flying routes that he or she
has not flown before and is particularly useful in practicing approach
and landing at unfamiliar airports. This system does not need to be installed
in an aircraft; it can be installed in any convenient location, even the
pilot’s home.
1l

Control Panel &Gﬁ;allowa the pilot to select different operating
features. For ex;mple, the pilot can choose the ’look angle’ of the diasplay
(pan and tilt). Thie would allow the pilot to aee synthesized terrain
coresponding to real terrain that would otherwise be blocked by the aircraft'sg
structure like the nose, or the wing on a low wing aircraft. Another feature
is the zoom function which provides magnification. Another feature is to
permit the pilot to select a section of the route other than the one he
or she is on, for example, to preview the approach to the destination

airport.

01233
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MATH INTRO
The math for the present invention has been used in the field of coin-
operated video games and in traditional computer graphics. However, since it
has not been well documented, it will be presented here. The basic concept
assumes the unit is a simulator, responeivsithe the user’'s inputs. It is
a short step from that to the present invention where the inputs represent the
physical location and attitude of the aircraft.
The steps required to view a 3D polygon-based data base are:
1. Transformation (translation and rotation as required)
2. Viaibility and illumination
3. Clipping
4. Projection
In this geometric model there is an absolute Universe filled with
Objects, each of which is free to rotate and translate. Associated with
each Object is an Orthonormal Matrix (i.e. a set of Orthogonal Unit Vectors)
that decribes the Object’s orientation with respect to the Universe. Because
the Unit Vectors are Orthogonal, the Inverse of the matrix is aimply the
Trangpose. This makes it very easy to change the point of reference. The
Object may look at the Universe or the Universe may look at the Object. The
Object may look at another Object after the appropriate concatenation of Unit
Vectors. Bach Object will always Roll, Pitch, or Yaw around its own axes

regardless of its current orientation without using Euler angle functions.

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

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

X'= X*COS(a) ~ Y*SIN(a)
Y'= X*SIN(a) + Y*COS(a)

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

X~
Y~

X*COS(a+b) - Y*SIN{a+b)
X*SIN(a+b) + Y*COS(atb)

i

2. Rotate X‘, Y’ by angle b:

X*
yo

i

X**COS(b) ~ Y'*SIN(Db)
X*4SIN(b) + Y’'*COS(b)

See FIG. 5b.
With the second method the errors are cumulative. The first method preserves
the accuracy of the original coordinates; unfortunately it works only for
rotations around a single axis. When a series of rotations are done together
around two or three axes, the order of rotation makes a difference. As an
example: An airplane always Rolls, Pitches, and Yaws according to its
own axees. Visualize an alrplane asuapended in alr, wings atraight and lavel,
nose pointed North. Roll 90 degrees clockwise, then pitch 90 degrees “"up",
The nose will be pointing East. Now we will start over and reverse the order
of rotation. Start from straight and level, pointing North. Pitch up 90
degrees, then Roll 30 degrees clockwise, The nose will now be pointing
straight up, where "up” is referenced to the ground. If you have trouble
visualizing these motions, just pretend your hand is the airplane.

This means that we cannot simply keep a running sum of the angles for
each axis. The standard method is ta use functions of Euler angles. The method

to be described is easier and faster to use than Euler angle functions.
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Although FIG. 5a represents a two dimensional space, it is

equivalent to a three dimensional space where the rotation is around the 2z

.~ axis. See FIG. 6a. The equations are ;

I 2TRTAAY

X
Yy

X*COS(za) - Y*SIN(za) Equation 1
X*SIN(za) + Y*COS(za)

-..BY symmetry the other equations are:

Z' = Z*COS(ya) =~ X*SIN(ya} Bquation 2
X' = Z*SIN(ya) + X*COS(ya)
‘”‘*'f See FIG. 6b.
and
Y = Y*COS(xa) - Z*SIN(xa) Equation 3
Z' = Y*SIN(xa) + Z*COS(xa)

See FIG. 6c.

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

Consolidating Equations 1, 2, and 3 for a motion coneisting of
rotations za (around the 2 axis), ya (around the Y axis), and xa (around

the X axis) ylelds:

X' = X*[COS(ya)*COS(za) ] +
Y'[—COS(ya)'SIN(za)] +
2*[SIN(ya)]

Y = x*[SIN(xa)*SIN(ya)*COS(za)+COS(xa)'SIN(za)] +
Y*[-SIN(xa)*SIN(ya)*SIN(za) + COS(xa)*COs(za)] +
Z*[~SIN(xa)*COS(ya) ]

2° = X*[-COS(xa)*SIN(ya)*COS(za) + SIN(xa)*SIN(za)) +
Y‘[COS(xa)'SIN(ya)'SIN(za) + SIN(xa)'COS(za)) +

Z*[COS(xa)*COS(ya))
(The asymmetry in the equations is another indication of the difference the

order of rotation makes.)
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The main use of

be in the form:

X’ = Ax * X + Bx * Y
Y’ =Ay * X + By * Y
2’ = Az * X + Bz * Y

+ 4+ +

Cx « 2
Cy * 2
Cz * 7

-19-

the consolidated equations is to show that any rotation will

I1f we start with three specific pointa in the initial, abeolute coordinate

system, such

Px =

Py
Pz

after any number of arbitrary rotations,

Px’
Py’
Pz’

By inapection

XA=RAx
YA=Ay
ZA=Az

ass

(1,0,0)
(0,1,0)
(0,0,1)

(XA,YRA, ZA)
(XB,YB, ZB)
{XC,YC,zC)

XB=8Bx

YB=By
ZB=Bz

Therefore, these three points

coefficients to transform the

Universe of points.

XC=Cx
YC=Cy
ZC=Cz

in the ship’'s frame of reference provide the

absolute coordinates of whatever is in the

The absolute list of points im itself never changed so

it is never lost and errors are not cumulative. All that is required is to

calculate Px, Py, and Pz with sufficient accuracy.

Px, Py, and Pz can be thought of as the axes of a gyrocompass or 3-axis

stabilized platform in the ship that is always oriented in the original,

absolute coordinate system.

0123«
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TRANSLATIONS
Translations do not affect any of the angles and therefore do not affect the
rotation coefficients. Translations will be handled as follows:

Rather than keep track of where the origin of the absolute coordinate
system ls from the ship’s point of view (it changes with the ship‘s
orientation), the ship’s location will be kept track of in the absolute
coordinate system.

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

Therefore, for X, Y, 2 in the Univeree's reference and X', Y, 2' in

the Ship’s referance:

X’ Ax Bx Cx X X Ax Ay Az X
Y |=) Ay By Cy [~ | ¥ and Y | =1Bx By Bz |~} y-
z* Az Bz Cz Z 4 Cx Cy Cz z

The ship’s X unit vector (1,0,0), the vector which, according to the ship is
straight ahead, transforms to (Ax,Bx,Cx). Thus the position of the ship in
terms of the Universe's coo;dinates can be determined.

The complete transformation for the Ship to look at the Universe, taking into

account the position of the Ship:

For X,Y¥,2 in Universe reference and X, Y’, Z' in Ship’s reference

) &4 Ax Bx Cx X-XT
o Y* |=|Ay By ¢y | « | y-yT
X z° Az Bz Cz Z~-32T
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INDEPENDENT OBJECTS

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

The object will be defined in its own coordinate system (the object
"library”) and have associated with it a met of unit vectors. The object is
rotated by rotating its unit vectors. The object will also have a position in
the abeolute Universe.

When we want to look at an object from any frame of reference we will
transform each point in the object‘s library by applying a rotation matrix to
place the object in the proper orientation. Wae will then apply a translation
vector to place the object in the proper poaltion. The rotation matrix is
derived from both the object’s and the observer‘s unit vectors; the
translation vector is derived from the object’s position, the observer’s
position, and the observer’s unit vectors.

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

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

to ITS axes.
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For an object with unit vectors:
—
\ - Ax Bx Cx
‘ﬁ“ﬁ 7 Ay By Cy
._A*Ej' Az Bz Cz

and absoclute position [XT,YT, 2T}, and [X,Y,2) a point from the object’s
library, and [X*,Y',2'] in the Universge's refarence,

_._The Universe looks at the object:

- .y X’ Ax Ay Az X XT
[ h S Y’ |=1BxByBz |*[Y|+]|yr
. / 7’ Cx Cy Cz 2 2T
For two ships, each with unit vectors and positions:
Ax1l Bxl Cx1
Ayl Byl Cyl Ship 1 Unit Vectors
Azl Bzl Czl

(XT1,YT1,2T1) Ship 1 Position

Ay2 By2 Cy2
Az2 Bz2 Cz2

Ax2 Bx2 Cx2
Ship 2 Unit vectors
/ (XT2,YT2,2T2) Ship 2 Position

Bx2 By2 Bz2
Cx2 Cy2 cz2

Ax2 Ay2 Az2
Transpose {Inverse) of Ship 2 Unit vectors

(X,¥,2) 4in Ship 2 library, (X',¥',2'} in Universe Reference, and
(X",¥",2") in Ship 1 Reference

Universe looks at ship 2:

-memraine
X Ax2 Ay2 Az2 X XT2
. - Y* [ = 8Bx2 By2 Bz2 |~ |y |+ | yT2
{0y zZ’ Cx2 Cy2 Cz2 z ZT2
Ship 1 looks at the Univarse looking at Ship 2,
X" Axl Bxl Cx1 X - XT1l
e RN y" =| Ayl Byl Cyl [~ |Y' - yr1
SR z" Azl Bzl czl Z - 2Tl

Ax1l Bxl Cx1 X’ Axl Bxl Cxl XT1
= | Ayl Byl Cyl |« | y* | - | ay1 By1 cyl [~ | yr1 EQUATION 10

ZT1

Azl Bzl Czl z° Azl Bzl Ccz1
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_____ Expand:

Ax1l Bxl Cxl . X’ Ax1 Bxl Cx1 ([ Ax2 Ay2 Az2 X XT2 )

TSN Ayl Byl Cyl | = Y: = | Ayl Byl Cyl | * (| Bx2 By2 Bz2 | » | ¥ | +| yT2 |

{4 . Azl Bzl Czl 2 Azl Bzl Czl ( Lex2 cy2 cz2 z zZT2 | )

—.._ Using the Distributive Law of Matrices:

Axl Bxl Cxl ( { Ax2 Ay2 Az2 Xl Axl Bx1l Cx1 XT2
. =] Ayl Byl Cyl | * (| Bx2 By2 B22 [* | Y {) + Ayl Byl Cyl | « | yT2
']ﬁ{”’ﬁ Azl Bzl Czl ( Lcx2 cy2 cz2 2] Azl Bzl Czl ZT2
e Using the Associative Law of Matrices:
( [ Axl Bxl Cx1 Ax2 Ay2 Az2 ] ) X Axl Bxl Cx1 XT2
) = (| Ayl Byl Cyl | * | Bx2 By2 Bz2 | } * |y |+ Ayl Byl Cyl | = | yr2
FRPA RN ( LAzl Bzl Cz} Cx2 Cy2 cz2 | ) 4 Azl Bzl Czl ZT2
) Substituting back into Equation 10 gives:
X" ( Axl Bxl Cxl Ax2 Ay2 Az2 ) X Ax1l Bxl Cxl XT2
¥Y" | = (] Ayl Byl Cyl | * | Bx2 By2 Bz2 | ) « |y |+ Ayl Byl Cyl | = | YT2
zn ( LAzl Bzl Czl Cx2 Cy2 Cz2 | ) z Azl Bzl Czl ZT2
Axl Bxl Cx1 XT1
ey - Ayl Byl Cyl | | YT1
oy Azl Bzl Czl ZT1
o " Therefore:
X" ( | Axl Bxl Cxl AX2 Ay2 Az2 ) X Axl Bxl Cx1l XT2-XT1
Y™ i= (| Byl Byl Cyl [+ | Bx2 By2 B22 ) = | ¢ |+ | ay1l By1 Cyl | » | YT2~YT1
z" ( Azl Bzl Czl CX2 Cy2 Cz2 ) 4 Azl Bzl Cz1 ZT2-2IT1
s
Y
| EQUATION 11
Now let:
S Ax Bx Cx Axl Bxl Cxl Ax2 Ay2 Az2
) Ay By Cy | = | Ayl Byl Cyl | ~ | Bx2 By2 Bz2 EQUATION 12
T.'u~ i Az Bz Cz Azl Bzl Czl Cx2 Cy2 cz2

- ;
L -

This matrix represents the orientation of Ship 2 according to

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

per update of Ship 2.
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Also let:

PR XT Axl Bxl Cxl XT2-XT1
(374 v YT | = | Ayl Byl cyl | « | yr2-vyT1

aT Azl Bzl Czl ZT2-2T1

EQUATION 13

(XT,YT,ZT) ie merely the position of Ship 2 in Ship 1's frame of
reference.
This also needs to be done only once per update of Ship 2. Therefore

ewi._the tranaformation to be applied to ship 2'a library will be of the form:

Ty X" Ax Bx Cx X XT
|3 ; Y* [ =|Ay By cy | «]y¥ |+]yr EQUATION 14
z" Az Bz Cz z 2T

Therefore, every object has six degrees of freedom,

any other object.

Define Unit

Initialize:

-SUMMARY OF TRANSFORMATION ALGORITHMS:

Vectors: [Px] = (Ax,Ay,Rz)

[Py} = (Bx,By,Bz)

[Pz) = (Cx,Cy,Cz)

Ax=By=Cz=1.000
Ay=Az=Bx=Bz=Cx=Cy=0

If Roll:
Ay’ = Ay*COS(xa) -~ Az*SIN(xa)
Az’ = Ay*SIN(xa) + Az*COS(xa)
By’ = By*COS(xa) - Bz*SIN(xa)
Bz’ = By*SIN(xa) + Bz*COS(xa)
Cy’ = Cy*COS(xa) - Cz*SIN(xa)
Ccz’ = Cy~SIN(xa) + Cz*COS(xa)

If Pitch:
Az’ = Az*COS(ya) - Ax*SIN(ya)
Ax‘ = Az*SIN(ya) + AxX*COS(ya)
Bz’ = Bz*COS(ya) - Bx*SIN(ya)
Bx’ = Bz*SIN(ya) + Bx*SIN(ya)
Cz* = Cz*COS(ya) - Cx*SIN(ya)
Cx’ = Cz*SIN(ya) + Cx*=COS(ya)

and any object may look at
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If Yaw:

Ax’ = Rx*COS(za) ~ Ay*SIN(za)
Ay’ = Ax*SIN(za) + Ay*COS (za)

Bx‘ = Bx*COS(za) - By*SIN(za)
By’ = Bx*SIN(za) + By+*COS{za}

Cx‘ = Cx*COS(za) - Cy*SIN(za)
Cy’ = Cx*SIN(za) + Cy*COS{za)
c—("2a’, ‘ya’, and ‘xa‘’ are incremental rotations.)
The resultant unit vectors form a transformation matrix. For X, Y, Z in

_Universe reference and X', ¥', Z° in Ship’s reference

X Ax Bx Cx X
Y {=|Ay By Cy | « | ¢
z’ Az Bz Cz Z

iy

X Ax Ay Az X’
Y |=| Bx By Bz |~ | y*
Z Cx Cy Cz zZ'

The ship’s x unit vector, the vector which according to the ship is straight

ahead, transforms to (Ax,Bx,Cx). For a ship in free 8pace, this is the
acceleration vector when there is forward thrust. The sum of the accelerations
determine the velocity vector and the sum of the velocity vectors determine
the position vector {XT,YT,ZT).
For two ships, each with unit vectors and positiona:

Axl Bxl Cxl

Ayl Byl Cyl Ship 1 Unit Vectors

Azl Bzl Cz1l

P s
[t //“ (XT1,YT1,2T1) Ship 1 Position

Ay2 By2 Cy2
Az2 Bz2 Cz2

Ax2 Bx2 Cx2
Ship 2 Unit Vectors

(XT2,YT2,2T2) Ship 2 Position
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_Ship 1 looks at the Universe:

AT X’ Axl Bxl Cxl X-XT
(ﬁf’nﬁ\ Y’ | =] Ayl Byl cyl | *« | Y-YT (X,¥,2) in Universe

) z Azl Bzl Czl Z-2T

(X',¥',2") in Ship 1 frame of
raeference

Ship 1 looks at Ship 2:

Ax Bx Cx Ax1l Bxl Cxl Ax2 Ay2 Az2
Ay By Cy | =} Ayl Byl Cyl | » | Bx2 By2 cCy2
Az Bz Cz Azl Bzl Czl Cx2 Cy2 Cz22

(Ship 2 orientation relative to Ship 1 orientation)

XT Ax1 Bxl Cx1 XT2-XT1
YT | = | Ayl Byl Cyl * [ YT2-YT1

ZT Azl Bzl Czl ZT2-1T1

(Ship 2 position in Ship 1’'s frame of reference)

X Ax Bx Cx X XT
Y’ =1 Ay By Cy | « Y | +]| YT
2 Az Bz Cz 4 zZT

(X,Y,Z) in Ship 2 library
(X',¥",2") in Ship 1 reference

VISIBILITY AND ILLUMINATION
After a polygon is transformed, whether it ig a terrain polygon or

it belongs to an independently moving object such as another aircraft, the

next step is to determine its illumination value, if indeed, it is visible

at all.

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

the surface of the polygon. This is obtained by using the vector crosaproduct

between the vectors forming any two adjacent sides of the polygon. For two

vectors V1 = [xl,yl,zl]) and V2 = [%2,y2,22] the crossproduct V1 X V2 ig the

vector [ (yl*zZ-y2‘zl),—(xl'z2—x2~zl),(xl*yZ—xZ*yl) }- The vector is then

normalized by dividing it by its length. This gives it a length of 1. This
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calculation can be done when the data base is generated, becoming part of the
data base, or it can be done during program run time. The tradeoff is between
data base size and program execution time. In any event, it becomes part of
the trangformed data.

After the polygon and its normal are transformed to the aircraft's
frame of reference, we need to calculate the angle between the polygon's
normal and the vector from the base of the normal to the aircraft. Thie is
done by taking the vector dot product. For two vectors V1 = {x1l,y1l,z1) and
V2 = [x2,y2,22}, V1 dot V2 = length(Vl) * length(V2) * cos(a) and is

calulated as (x1*x2 + yl*y2 + z1*z2). Therefore:

cos(a) = (x1*x2 + yl*y2 + zl*z2)

HENRTTERN length(vl) * length(v2)

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

for added realism.

CLIPPING
Now that the polygon has been transformed and checked for visibility

1t must be clipped so that it will properly fit on the acreen after it is
projected. Standard clipping routines are well known in the computer graphics
industry. There are six clipping planes as shown in the 3D representation
shown in FIG. 8a . The 2D top view is shown in FIG. 8b, and the 2D side view
is shown in FIG. 8c. It should be noted that clipping a polygon may result

in the creation of addition polygon sides which must be added to the polygon

description sent to the polygon display routine.
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PROJECTION
A8 shown in FIG. 7a, X' is the distance to the point along the X axie, Z' is
the height of the point, Xe is the distance from the eyepoint to the acreen
onto which the point is to be projected, and Sy is the vertical displacement
on the screen. Z°/X’ and Sy/Xs form similar triangles so: 2Z’'/X’' = Sy/Xs ,
therefore Sy = Xs*Z'/X' . Likewise, Y'/X' = Sx/Xs so Sx = Xs*Y'/X' where
Sx ia the horizontal displacement on the screen. However, we still need to fit
Sy and Sx to the monitor display coordinates. Suppose we have a screen that is
1024 by 1024. Each axis would be plus or minus 512 with (0,0) in the center.
If we want a 90 degree field of view (plue or minus 45 degrees from the
center), then when a point has Z‘/X‘’=1 it must be put at the edge of the
screen where ite value is 512. Therefore Sy = S$12*%2'/X’. (Sy ia the

Screen Y-coordinate).

Therefore:
Sy = K*Z' /X"’ Sy is the vertical coordinate on the display
Sx = K=Y’ /X’ Sx is the horizontal coordinate on the display

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

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

multiplication.
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THE DATABASE
‘ The data base is generated from several sources. The U.S. Geological
xser?ic€R(USGS) makes avallable various databases, two of which are of
particular interest. The first ie the Digital Elevation Model data which
consist of an array of regularly spaced terrain elevations. This data base is
converted into a data base containing polygons (whose vertices are three-
dimenaional points) in order to maximize the geographic area covered by CD~ROM
Data Base 105 and also to reduce the amount of run-time processing required of
Computer 107. This is possible because there are large areas of terrain that
are essentially flat. Note that flat doee not neceasarily mean level. A
sloping area is flat without being level,

The Digital Elevation Model data elevations are spaced 30 meters
apart. 30 meters = 30m x 39.37in/m x 1ft/12 in = 98.245 ft . A linear mile
containa 5,280 ft/mi x 1 data point/98.245 ft = 53.65 data points/mi .
Therefore, a square mile contains 53.65 x 53.65 = 2878 data points.

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

158,706 x 2878 = 456,755,868 data points. Since thisa figure includes

2,407 8q mi of inland water areas, there are 2407 x 2878 = 6,927,346 data
points just for inland water. The U.S. has a total area of 3,618,773 square
milea which requires 3,618,773 x 2878 = 10,414,828,634 data pointse. Thie
figure includes 79,484 3q mi of inland water areas requiring 79,484 x 2878
= 228,754,952 data points just for inland water.

The polygon data are organized in geographic data blocks. Because the
amount of data in each geographic data block depends on the number of polygons
and because the number of polygons depends on the flatness of the terrain, the
size of each geographic data block is variable. Therefore, an address table is
maintained that containa a pointer to each geographic data block. The first
choice is to decide on the geographic area represented by the block. PFor the

present invention the size is 20 mi x 20 mi = 400 sq mi . Tharefore, the
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polygon data base for California requires 158,706 sq mi.x 1 block/400 sq mi =
397 geographic data blocks. The number of polygons in a given geographic data
block depends on the flatness of the terrain and what we decide is 'flat’.

The definition of 'flatness’ is that for a polygon whose vertices are three-

dimensional pointa, there will be no elevation points that are higher than the

plane of the polygon and there will be no elevation points that are below the
the plane of the polygon by a distance called the Error Pactor. A amall Error
Factor will require more polygons to represent a given terrain than will a
large Error Factor. A small Error Factor will also generate the terrain more
accurately. The Error Factor does not have to be the same for all Geographic
Data Blocks. Blocks for areas of high interest, like airports and surrounding
areas can be generated using a small Error Factor in order to represent the
terrain more precisely. The present invention uses an Error Factor of 10 ft
for areas surrounding airports and 50 ft for all other areas.

A procedure for generating the polygon data base from the Digital
Elevation Model data is démonatrated in FIG. 12a through FIG. lzﬁfand
FIG. 13a through FIG. 1%;2 We start with three points which define a polygon

A

and which has a surface. We select the next elevation point and decide if it
belongs in the polygon accordinng to the citeria previously discussed. If it
does, it gets added to the polygon. If not, not. We then test additional
adjacent points until we run out. Then we start over with another three
points.

When we are done generating polygona for a Geographic Data Block
we go back and examine them; any polygon that is ‘too big’ is broken down
into smaller polygons. This is to make sure there are always enough polygona
on the screen to provide a proper reference for the pilot. (A single large
polygon on the screen would not have any apparent motion.) Finally, the

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

not blend into each other.
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The other USGS data base used is the Digital Line Graph data which
includes: political and administrative boundaries; hydrography consisting of
all flowing water, standing water, and wetlands; major transportation systems
consisting of roads and traila, railroads, pipelines, transmission lines, and
airporte; and significant manmade structures. The Digital Line Graph data is
two~dimensional. In the present invention features such as water, roads,
railroads, and pipelines are represented as polygons with elevations
determined from the Digital Elevation Model data. Transmission lines and
significant manmade structures are defined as three-dimensional objects made
of polygone and are placed according to the elevations determined from the
Digital Elevation Model data. The different types of objects are tagged so
that by using Control Panel 106 the pilot can select them to be highlighted by
category or by specific object. For example, the pilot can choose to have all
airporta highlighted or just the destination airport. The pilot can alao
choose to have a specific highway highlighted.

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

digital form.
While preferred embodiments of the present invention have been shown,

it is to be expressly understood that modifications and changes may be made

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

- O'JUQ
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I claim:

‘\\\ 1, A pilot aid which uses an aircraft’s position and dttitude to transform

LN

data from a digital data base to present a pilot with a synthesized three
dimensional projected view of the world comprising:

a position determining means for locating faid aircraft’'s position in
three dimensions;

a digital data base meana containing po)}ygon data representing terrain
and manmade structures;

an attitude determining means for detférmining said aircraft‘s
orientation in three dimensional sepace;

a control panel means for allowing/said pilot to select different
operating features;

a computer means for using said Aircraft position data to access said
terrain and manmade structure data fron/ said digital data base and using said
aircraft orientation data to transforn said terrain and manmade structure data
to provide three dimensional projectgd image data according to said operating

features selected by said pilot;

a display means for displaying said three dimensional projected image

data. (’/\k

2. The position determining means of claim 1, wherein said position
determining means comprises a andard system for receiving and procesaing

data from the global positioning aystem. v

3. The attitude determining means of claim 1, wherein said attitude

determining means comprisesf/a standard avionics system.

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

comprises a cd rom disc and cd rom drive.
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5. The control panel means of claim 1, wherein said cgdtrol panel means

selects the functions of pan, tilt, and zoom.

6. The control panel means of claim 1, wherein s3fid control panel means

permita said pilot to preview the route ahead.

7. A pilot aid which usea an aircraft‘s positfion and attitude to transform
data from a digital data base to present a pilot with a synthesized three
dimensional projected view of the world cpmprising:

a position determining means foy locating said aircraft‘s position in
three dimensions;

a digital data base means copitaining polygon data representing terraln
and manmade structures;

an attitude determining mgans for determining said aircraft‘s
orientation in three dimensional/space; Zf ha
a control panel means for allowing said pilot to select different
operating features;

a computer means for/ using said aircraft position data to access said
terrain and manmade structyre data from said digital data base and using said
aircraft orientation data/to transform said terrain and manmade satructure data
to provide three dimensibnal projected image data according to said operating
features selected by s#id pilot;

a display means for displaying said three dimensional projected image
data;

a mass stofage memory for recording said aircraft position data and

said alrcraft’s aftitude data for allowing said aircraft's flight to be

displayed at a ?ace: time.

‘
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8. The position determining means of claim 7, wherein said position
determining means comprises a standard system for receifing and processing

data from the global positioning system.

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

determining means comprises a standard avionics sygtem.

/

10. The digital data base of claim 7, wherein sa[d digital data base means

comprises a c¢d rom and cd rom drive.

11. The control panel means of claim 7, wherejyn said control panel means

selaects the functions of pan, tilt, and zoom

12. The control panel means of claim 7, whgrein said control panel means

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

13. A pilot aid which uses an aircraft’g position and attitude to transform
data from a digital data base to preseﬂt a pilot with a synthesized three
dimensional projected view of the wor;d comprising:

a position determining mean7/for locating said aircraft's position in
three dimensions; {

a digital data base means/gontaining polygon data representing terrain
and manmade structures; /

an attitude determiningfmeans for determining said aircraft’s
orlientation in three dimensiog!l space;

a head mounted diapl§§ means worn by sald pilot of said aircrafct;

/
an attitude determining means for determining the orientation of

said pilot’s head in threefdimenaional apace;
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a control panel means for allowing sald pilot to select different
operating features;
a computer means for using sald afrcraft poasition data to access said
terrain and manmade structure data from /aid digital data base and using said
aircraft orientation data and said pilbt he d;Bb{entation data to transform
N\
said terrain and manmade structure data to provide three dimensional projected

image data to eaid head mounted display according to said operating features

selected by said pilot.

ol U1 \
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Re a below-named inventor, I hereby declare that my residence, post office address, and
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n PILOT AID USING SYNPHWTIC REALITY

I have reviewed and understand the contents of the above-identified specification, including
the claima, as amended by any amendment specifically referred to in the oath or declaration.
I acknowledge a duty to disclose information which is material to the examination of this
application in accordance with Title 37, Code of Federal Regulations, Section 1.56(a).

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are balieved to be true; and further that these
atatements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, unter Title 18, United States Code,
Section 1001, and that such willful false statements may jeopardize the validity of the
application or any patent issues thereon.

Please send correspondance and make telephone calla to the First Inventor below.
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Signature: Sole/First Inventor Q{YJ 7)&j/q7ﬂf¢w
c 7 :

Print Name: Jed Margolin

Dne:_JQ)UV [qal

Residence: San Jose, CA Citizen of: Usa

Post Office Address: __ 3570 Pleagant Echo Dr,
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San Jose, CA 9514A-1916 (.. £}

Telephone: (408) 238-4564

Signature: Joint/Second Inventor

Print Name: Date:

Residence: Citizen of:
_

Post Office Address:
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First/Sole Applicant: Jed Marzolin

Joint/Second Applicant:
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Bmall Entity Declaration - Independent Inventor (s)

A8 a below-named inventor, I hereby declare that I quality as an independent inventor as defined
in 37 CFR 1.9(c) for the purposes of paying reduced fees under Section 41(a) and (b) of Title 35
United States Code, to the Patent and Trademark Office with regard to my above-identified
invention described in the specification filed herewith. I have not assigned, granted, conveyed,
or licensed - and am under no obligation under any contract or law to assign, grant, convey, or
license - any righte in the invention to either (a) any person who could not be classified as

an independent inventor under 37 CFR 1.9(c) if that person had made the invention or (b) any
concern which would not qualify as either (i) a small business concern under 37 CFR 1.9(d) or
(ii) a nonprofit organization under 37 CFR 1.9(e).

Each person, concern, or organization to which I have assigned, granted, conveyed, or licensed
- or am under an obligation under contract or law to assign, grant, convey, or license ~ any
rights in the invention is listed below:

[+41 There is no such person, concern, or organization.

[ ] Any applicable person, concern, or organization is liasted below:

Full Name:

Address:

I acknowledge a duty to file, in the above application for patent, notification of any change
in status resulting in loss of entitlement to amall entity status prior to paying, or at the
time of paying, the earliest of the issue fee or any maintenance fee due after the date on
which status as a small entity is no longer appropriate. (37 CFR 1.28(b).

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true, and further that these
gtatementa were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United
States Code, and that such willful false statements may jeopardize the validity of the
application, any patent issuing thereon, or any patent to which this verified atatement

ig directed.
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T (title)
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hereby expressly abandoned as of the filing date of this new application.
Please use all the contents of the prior application file wrapper, lncludlng
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X 2. The filing fee is calculated below:
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Date of Deposit August 9, 1995
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of Patents and Trademarks, Washington, D.¢. 20231,

Christine A Bybee
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& &

The Commissioner is hereby authorized to charge any fees that may be required, or credit

any overpayment, to Deposit Account No. 02-2666. A duplicate copy of this sheet is
enclosed.

A check in the amount of $590.00 is enclosed for the filing fee.

A checkinthe amount of §
t0 37 G.F.R. § 1.17.

is enclosad for the petition fee pursuant

Canosl in this application daims of the prior application

betore calculating the filing fee (wherein at least ona independent claim is retained for
filing purposes).

Please enter the praliminary amendment enclosed before calculating the tiling fee.

Before calculating the filing fee, please enter in the present application the amendment

fied on under 37 C.F.R. § 1.116, but unentered, in
the parent application.

Amend the specification by inserting the following before the first sentence on the first
page:

serial no. __08/274.394 fled _July 11,1994 _ n a1 akomlom( .- ol

b) - whichisa continuatiory divisional of application
serial no. Jfied

(list all prior applications) T

Itis hereby requested that any request for a convantion priority made in the prior
application be transferred to this Aule 62 application.

The prior application is assigned of record to:

The Powsr of Attorney in the prior application is to:

{Name) (Reg. No.)
[Edwin H Taylor, Reg. No. 25,129, and certain other listad attorneys or agent(s) of:
_BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN
12400 Wilshire Blvd., Seventh. Fioar
_Los Angeles, Califarnia..90025 .
(310) 207-3800

(a) The Power appears in the original papers of the prior application
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(d) Recognize as an associate attorney or agent and address all future
communications to:

(Name) (Reg. No.)
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Los Angeles, California 90025
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needed, for the above-noted prior application. The Commissionar is heraby
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be required for the above-refarenced prior application to Deposit Account No. 02-
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application file and for Deposit Account purposes.

The tiling of an application under 37 C.F.R § 1.62 will be construed to include a waiver
of secrecy under 35 U.5.C. § 122 1o the extent that any member of the pubfic who Is
entitied under the provisions of 37 C.F.R. § 1.14 {0 access 10 or information
concerning elthar the prior application or any continuing application filed under the
provisions of 37 C.F.R. § 1.62 may be given similar accass to, or similar information
concerning, the other application(s) in the file wrapper.

37 C.F.R. § 1.82(1).

Accompanying this application is a statement requesting deletion of the name(s) of

the person or persons who are not inventors of the invention being claimed in the
continuation/divisional application. 37 C.F.R. § 1.62(a)

Respectfuily submitted,

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

1995 By, ) {/( rJ [l/

Keith G. Adkoft

12400 Wilshire Boulevard Reg No. 33,828

Seventh Floor
Los Angsles, California 90025

(408) 720-8598

Attorney or Agent of Racord
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IN THE UNITED STATES pATENT AND TRADEMARK OFFicE Sy M

. In re Application of:

Jed Margolin

: &F(Serial No.: 05/274,394 Examiner: T, Nguyen

Filed: July 11, 1994

)
)
)
)
)
)) Art Unit: 2304
)
)
)

A' »

For:  PILOT AID USING SYNTHETIC RGN /

~ REALITY 7 e

G 2 i 2
| e 0y r, %
! Commissioner of Patents - /Oe
l and Trademarks \?00
Washington, D.C. 20231

Ve
. s
{ i

S AMENDMENT AND RESPONSE
.

Dear Sir:

In response to the Office Action of May g, 1995,

, amendments and consider the following rfemarks.

IN THE CLAIMS .

Please delste claims\ég - 30, without prejudice,

Please amend the following claims.

— transform data from a digital data base to present

dimensions;




a digital data base comprising terrain data, said terrain data representing real
terrestrial terrain as at least one [or more] polygon]s),said terrain data generatead from

elevation data of said real terrestrial terrain;

an attitude detemmining 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 dimensjonal projected image data

according to said aircraft's orientation; and

a display for displaying said three dimensional projected image data.

5. (Twice Amended) The pilot aid of claim 1, further comprising a control pane!

to select at least one [or more] operating feature][s].

5. (Twice Amended) The pilot aid of claim [1] 5, wherein said at least one {or
more] operating feature[s] comprises at |east one [or more] feature[s] selected from
{the] a group consisting of panning a viewpoint of said three dimensional projected
image, tilting a viewpoint of said three dimensional projected image, zooming a
viewpoint of said three dimensional projected image, and providing a three

dimensional projected image of a route ahead.

r A

a7’ (Twice Amended) 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;

013
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a digital data base comprising terrain data, said terrain data representing real

terrestrial terrain as at |east one [or more] polygon(s], 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;
TN
( N \ 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 orientation; and

a mass storage memory for recording said aircraft position data and said
aircraft's attitude data for allowing a flight of said aircraft over said terrain to be

displayed at a later time.

- e /ﬁ/lf—)/'

MU )/T/ (Twice Amended) The pilot aid of claim -7 further comprising a control panel

to select at least one [or more) operating feature(s].

prd {Once Amended) The pilot aid of claim M7 wherein said at least one [or

A 3 more] operating feature[s] comprises at least one {or more] feature[s] selected from
(\ (the] a group consisting of panning a viewpoint of said three dimensional projected
\ image, tilting a viewpoint of said three dimensional projected image, zooming a
viewpoint of said three dimensional projected image, providing a three dimensional

projected image of a route ahead, and providing a three dimensional projected image

of a previous flight.
93 ,18./ (Once Amended) A pilot aid which uses an aircraft's position and attitude to

transform data from a digital data base to present a pilot with a synthesized three

dimensional projected view of the world comprising:




a position determining system for locating said aircraft's position in three
dimensions;
a digital data base comprising terrain data, said terrain data representing real

terrestrial terrain as at least one [or more] polygon(s), said terrain data generated from

elevation data of said real terrestrial terrain;

/\7 a first attitude determining system for determining said aircraft's orientation in
/\\ three dimensional space;
\/ a head mounted display worn by said pilot of said aircraft;
a second attitude determining system for determining the orientation of said
pilot's head in three dimensional space; and
a computer to access said terrain data according to said aircraft's position and
to transform said terrain data to provide three dimensional projectad image data to
said head mounted display according to said aircraft's orientation and said pilot head
orientation.

g

M7 (Once Amended) The pilot aid as described in claim 1 wherein said [terrain

data is generated from] elevation data [comprising] comprises an array of elevation

\A)\ points, wherein each said polygon representing said terrain defines a plane, wherein
/',« in a first region of terrain reprasented by said at Jeast one [or more of said] polygon[s

\} no] each elevation point within each said polygon is [below] within a first distance of

said plane of each said polygon [by a first distance or more].

/9:&( e

lq o . e
)8./ (Once Amended) The pilot aid as described in claim.7 wherein said [terrain
data is generated from] elevation data [comprising] comprises an array of elevation

points, wherein each said polygon representing said terrain defines a plane, wherein

== S Tdat

in a first region of terrain represented by said at least one [or mare of said] polygon[s




no] each elevation point within each said polygon is [below] within a first distance of

said plane of each said polygon [by a first distance or maore),

19 (Once Amended) The pilot aid as described in claim 13*wherein said [terrain
is generated from] elevation data [comprising] comprises an array of elevation points,
wherein each said polygon representing said terrain defines a plane, wherein in a first
region of terrain represented by said at least one [or more of said] palygon(s no] each

slavation point within each said polygon is [below] within a first distance of said plane

of each said polygon [by a first distance or more].

1 o«

207 (Once Amended) The pilot aid as described in claim 37 wherein in a second

220 (Tdol

region of said terrain represented by said at least one [or more of said} polygon[s no]

each elevation point within each said polygon is [below] within a second distance of

said plane of each said polygon in said second region [by a second distance or mare],

said second distance different from said first distance.

5 20 Poc

217 (Once Amended) The pilot aid as describad in claim 1é/wherein in a second

region of said terrain represented by said at least one [or more of said] polygon(s noj

gach elevation point within each said polygon is [below] within a second distance of
within a second distance of

said plane of each said polygon in said second region [by a second distance or more],

said second distance different from said first distance. .
2.9

o 2 e

,22,) {Once Amended) The pilot aid as described in claim 38 wherein in a sacond

region of said terrain represented by said at leas| one [or more of said] polygon(s no]

each elevation paint within each said polygon is [below] within a second distance of

said plane of each said polygon in said second region [by a second distance or morg),

said second distance different from said first distance.

01334
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) pred {Once Amended) The method as described in claim,zaf\\&herein at least one
[or more] additional adjacent onel[s] of said plurality of elevation points {are] is

examined, and wherein said polygon is expanded to include said at lsast one [or

more] additional one[s] of said plurality of elevation points [which do] that does not

(- cause any of said elevation points within said expanded polygon not to be [below]
/ﬂ‘)\ within said first distance of said plane of said expanded polygon [by said first distance
'\\ ) or more].
g 2%,
K 327  (Once Amended) The method as described in claim Qa;\wherein at least one

[or more] additional adjacent one[s] of said plurality of elevation points [are] is

examined, and wherein said polygon is expanded to include said at least one [or

more] additional one[s] of said piurality of elevation points {which do] that does not
cause any of said elevation points within said expanded polygon to be above said

plane of said expanded polygon and [do] does not cause any of said elevation points

within said expanded polygon not to be [below] within_said first distance of said plana
of said expanded polygon [by said first distance or more].

_36. (Once Amended) A method of using an aircraft's position and attitude to

Q 5 transform data from a digital data base to present a pilot with a synthesized three
i dimensional projected view of the world comprising:
/Q locating said aircraft's position in three dimensions:
!

providing a data base comprising terrain data, said terrain data representing

feal terrestrial terrain as at least one [or more] polygons, said terrain data qeperated

from elevation data of said real terrestrial terrain:

determining said aircraft's orientation in three dimensional space;

accessing said terrain data according to said aircraft's pasition;




transforming said terrain data to provide three dimensional projected image
data according to said aircraft's orientation; and[,]

displaying said three dimensional projected image data.
20 9

/3{. (Once Amended) The method of claim/aéﬁurther comprising selecting at

least one [or more] operating feature[s], wherein said at least one [or more] operating
feature[s] comprises at least one [or more] feature[s] selected from [the] a group
consisting of panning a viewpoint of said three dimensional projected image, tilting a
viewpoint of said three dimensional projected image, zooming a viewpoint of said
three dimensional projected image, and presenting a three dimensional projected
image of a route ahead.
2l 2.9

(Once Amended) The method as described in claim/SG’wherein said terrain
data base is produced by a method comprising the steps of:

providing a plurality of elevation points, each of said plurality of elevation points
representing an elevation of a point on a terrain;

defining a polygon having at least one [or more vertices] vertex defined by at

least one [or more] of said elevation points;
examining an adjacent one of said plurality of elevation points to determine if

expanding said polygon to an expanded polygon to include said adjacent one of said

plurality of eievation points causes at least one [or more] of said plurality of elevation

points within said expanded polygon not to be [below] within _a first distance of a plane

of said expanded polygon [by a first distanca]; and(,}
expanding said polygon to include said adjacent one of said plurality of

elevation points if [none] each of said elevation points within said expanded polygon is

[below] within said first distance of said plane [by said first distance or more],

L SC
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1 /36’ (Once Amended) The method as described in claim}B/wherein said

adjacent one of said plurality of slevation points is further examined to determine if at
least one [or more] of said plurality of elevation points within said expanded polygon is
above said plane of said expanded polygon, and said polygon is expanded if none of
said elevation points within said expanded polygon is above said plane of said

expanded polygon and if [none] each of said elevation points within said expanded

polygon is [below] within said first distance of said plane ty [said first distance or

more].

REMARKS

In a telephonic interview on July 7, 1995 regarding the Office Action of May 9,
1995, the Examiner and the undersigned discussed some of the 35 U.S.C. § 112,
second paragraph rejections, and the 35 U.S.C. § 103 rejections. In a telephonic
interview of July 7, 1995 the Examiner and the undersigned discussed claims 17 and
20, which were not previously examined based on the prior art. The Examiner agreed
to withdraw the finality of the Office Action of May 9, 1995.

With respect to the rejection under 35 U.S.C. § 112, second paragraph for the
phrase “one or more" as described in paragraphs 4.1, 4.2, 4.3, 4.4, 4.5, and 4.8 of the
Office Action, as discussed in the above-reterenced tslephonic interview, Applicant
has amended the claims to recite "at least one" and to make grammatical changes
consistent with the amended terminology.

With respect to the suggestion in paragraph 4.1 of the Office Action to add the
word "and," Applicant has amended claims 1, 7, and 13 to add the word "and" at the
appropriate place. With respect to antecedent basis for "the group” as in claims 6, 12,
and 37, as noted in paragraph 4.3 of the Office Action, Applicant has amended claims

containing this phrase to read "a group.”
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With raspect to paragraph 4.4 of the Office Action of May 9, 1995 the Examiner
requests verification of the first region ot terrain. As described in the specification on,
for example, page 30, lines 2 - 14, the number of polygons required to represent a
portion of terrain will be dependent upon the definition of flatness (flatness criteria). If
the slevation points within a polygon must be within a small distance from the plane of
the polygon, more polygons will be required then when the elevation points may be
within a greater distance of the plane of the polygon. ‘As described in the specification,
regions of high interest (such as airports and surrounding areas) may be represented
with polygons having alt points within a small distance from the plane of the polygon,
while other areas may be represented by polygons having all elevation points within a
larger distance from the plane of the polygon. Because the former regions will
typically require mare polygons, the terrain will be represented more accurately. Thus,
for example, the airport may be a first region, while areas removed from the airport
may be a second region.

With respect to the phrase "distance or more" in the claims discussed in
paragraphs 4.4, 4.5, and 4.8 of the Office Action, Applicant has rephrased the claims.
For example, claims 17 - 19 have been amended to recite that each elevation point
within each polygon is within a first distance of the plane of the polygon. That is, for
example, as described above, the elevation points within a first region, such as an
airport, may be within 10 feet of the plane ot the polygon. Of course, the invention is
not limited to these examples. In claims 20 - 22, Applicant has recited that each
elevation point within each polygon in the second region is within a second, different
distance from the plane. Again, by way of example, in areas removed from the airport,
tha elevation points may be required to be within only 50 feet of the plane of the
palygon. With respect to claims 31 and 32, Applicant has amended the claims to
recite that the polygon is expanded to include the recited at lsast one addition one of

the plurality of elevation points that does not cause any of the elevation points within

e e
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the expanded polygon not to be within the first distance of the plane of the polygon.
Similar amendments have been made to claims 38 and 39.

With regard to paragraph 4.6 of the Office Action of May 6, 1995, the Examinsr
requests clarification as to "no elevation point." As described generally above, a
criteria may set such that a polygon contains no elevation points that are beyond a
certain distance from the plane, or alternatively stated are not within a certain distance.
In other words, in a polygon near an airport, no elevation point in the area represented
by a polygon is above the plane of the polygon. In this way, a pilot may be ensured
that in the real world scene represented by the polygons, no elevation point is above
the level of the plane of the polygon.

With respect to paragraph 4.7 of the Office Action, Applicant has, as suggested,
delsted the comma.

In paragraph 4.8 of the Office Action, the Examiner asks for verification
regarding examining an adjacent one of the plurality of elevation points and
expanding the polygon, as in lines 7 - 14 of claim 38. One embodiment of the
method of the present invention is described, for example, in conjunction with
figures 12A - 12F, and 13A - 13F of the spacification. As shown therein, an initial
polygon having three points is defined. Next, an adjacent elevation point is selected.
A determination is made as to whether the point belongs in the polygon according to
the above-discussed flatness criteria. !f the expanded polygen meets the flatness
criteria, the point is added, as shown in the Figuras. !f it does not, then the point is not
added to the polygon.

Claims 1 - 12 were rejected under 35 U.S.C. § 103 as being unpatentable
over Beckwith et al. in view of Behensky et al. or one of two brochures form Atari
Game Corporation. In responding to Applicant's arguments, the Examiner states that
Applicant's argument regarding the present invention representing real terrain is not

found in the claims. Similarly, the Examiner states that constructing the polygon based




on elevation points is not found in the claims. Applicant has amended all independent
claims to include the fimitations that the terrain data represents real terrestrial terrain
and to recite that the terrain data is based on elevation data of the real terrestrial
terrain. Applicant submits that these amendments clarify the distinction between the
claimed invention and the references applied by the Examiner.

With respect to Beckwith et al., Applicant submits that Beckwith et al. does
not accurately perform a transformation of elevation points. Rather, Beckwith et al.
uses a two-dimensional array of elevation points. The data address gives the x, y
coordinates of the point, while the data gives the elevation. Beckwith et al. does not
create a true 3-D scene. Rather, Beckwith et al. simply changes direction of data
read out to correspond to the plane's orientation. This method creates a very crude
representation of the terrain, particularly when, for example, the heading of the plane
is not along a row, column, or diagonal of the data.

With reference to Behensky et al. and the Atari brochures, in contrast to the
claimed invention, the references show a scene that consists of a completely made-up
universe. In contrast to the claimed invention they do not show polygons based on
elevation data of real terrestrial terrain. Furthermore, as described earlier, note that
the display is significantly different from what is needed in the present invention. For
example, features such as road markings, road signs, vehicles, etc. are present in
these references, which are not applicable to the present invention as claimed. Note
that the references, even when considered together, do not contain any motivation,
either express or implied, that the depiction of the fictional universe therein be used for
producing a display of real terrestrial data based on elevation data of the real
terrestrial terrain. Furthermore, there is no teaching in the refersnces of how this
would be accomplished. Additionally, Applicant submits that it is not obvious that the
polygons used for the fictional universe of Behensky st al. and the Atari games would

be useful in the system of Beckwith et al. Although the Examiner states that it would
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be obvious to combine Behensky et al. with the systems of Beckwith et al. to provide
a reduction of data base storage, there is no such teaching in the references. It is only
with the teaching of the present invention, to construct the polygons in the manner
described, and to use the described flatness criteria, that one of ordinary skill in the art
is enablad to practice the present invention. Absent this teaching, nothing in the
references teaches that the polygons of Behensky et al. would result in significant
reduction of data base storage in other, undisclosed systems. Because there is no
such teaching in the references, Applicant submits this assertion must be within the
personal knowledge of the Examiner. Therefore, pursuant 1o 37 C.E.R. § 1.107(b),
Applicant respectfully requests an affidavit from the Examiner attesting to the fact that
the disclosure of polygons in Behensky et al. teaches one of ordinary skill in the art
that the use of these polygons to represent data in other systems results in the
reduction of data base storage, as Behensky et al., in addition to not teaching the use
of polygons for real terrain data, does not teach that the use of polygons would result
in a reduction of data base storage. Applicant submits that any such teaching comes
only from the present specification.

In conclusion, Applicant has made numerous amendments in an earnast
attempt to clear up all 35 U.S.C. § 112, second paragraph issues. Should the
examiner believe any 35 U.S.C. § 112 issues remain, Applicant would appreciate a
call to the undersigned so that any remaining issues my be dealt with by Examiner's
amendment, if possible. Additionally, Applicant has amended the claims to recite that
the terrain data represents real terrestrial terrain, and to recite that it is generated from
elevation data of the real terrestrial terrain. For the reasons described above,
Applicant submits the present invention, as currently claimed, is unobvious over the

references of record.
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For the foregoing reasons, Applicant submits that all objections and rejections
have been overcome. Applicant submits that all pending claims are in condition for
allowance and atlowance of the sams is respectfully requested.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN

Date: %é@ [0 , 1995 X Ry
Keith G. Ask

Reg. No. 33,828

12400 Wilshire Boulevard
Seventh Floor
Los Angeles, California 90025

(408) 720-8598

| hereby certity that this correspondence is being deposited with the United States Postaj Service as first class mail

with sulticient Postage in an enveiope addressed 1o the Commissioner of Patents ang Trademarks, Washington, D.C.

20231

on J
Date of Deposit

lig

~ —_——
Name of Person Maiting Correspondence

( ‘.C»\j/;) C (o o2 1/ /¢ ;Zjb/’\
Signature




|4  ABdiney's Docket No.. __ 02055 P002 Patent
S 1995 e Appication of: __Jed Margolin
¢ o
NIRapeWeral No.: 08274394

Filed: _July 11,1994

For: _ PLOTAIDUSING SYNTHETIG REALITY | f\

(inventor(s))

(tive) J( NG
THE COMMISSIONER OF PATENTS AND TRADEMARKS \"'1"i,.
Washington, D.C. 20231 3

SIR: Transmitted herewith is an Amendment for the above application. \\(-)'J -
Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been establlsréé,by

a veritied statement previously submitted.
A verifiad statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
X No additional fee is required.

The fee has been calculated as shown below:

OTHER THAN A
{Col. 1 (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additional
After Amd. Paid For Extra Rate Fae Rate Fee
é?::;s . 37 |Minus| " 39 -0 x11{$ -0 x22|$
Indep. ; e
peaa B 4 | Minus 5 -0- x38|3 -0 x76|$
First Presentation of Multiple
:] Dependent Claim(s) +120(8  -0- +24043
* lfthe entry in Col. 1 is less than the entry in Col. 2, Total Total
write *0" in Col. 3. Add. Fee|$ O | Add. Fee|$

** li the "Highest No. Previously Paid For® IN THIS
SPACE is less than 20, write 20" In this space.
*** it the "Highest No. Previously Paid For* IN THIS SPACE is less than 3, write “3" In this space.
The "Highest No. Praviously 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.

A checkin 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).

Acheckfor $ 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 is hereby authorized to charge payment of the following fees associated
with this communication or credit any overpayment to Deposit Account No. 02-2666
(a duplicate copy of this sheet is enclosed):
Any additional filing tees required under 37 C.F.R. § 1.16 for presentation of
extra claims.
X Any extension or petition fees under 37 C.F.R. § 1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

w10, 111 2 2 af

Keith G. Askoff

12400 Wilshire Boulevard

Seventh Floor Reg. No. _33.828
Los Angeles, California 90025
(408) 720-8538

I hereby certify that this corraspondence is being deposited with the United States Postal Service as first ctass mail
with sutficiant postage in an envalope addressed to the Commissioner of Patents and Trademarks, Washington

D.C. 20231
on July 10, 1995
Date of Deposit
Carotyn C. Caires
Name ot Person Mailing Corraspondence
Concdin ¢ Coves TV
7

Signature Date
(LJV/wes/cak 10/01

”~
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)X
Bape IN THE UNITED STATES PATENT AND TRADEMARK OFFICE (&

In Re Application of:
Examiner: Not assigned yet-

Art Unit: 2304 /

Jed Margolin
Serial (ﬂo‘: 08/513,298
Filed: August 9, 1995

For:  PILOT AID USING SYNTHETIC
REALITY

RECEIVED

NBV 0.7 1995
Hon. Commissioner of Patents
and Trademarks GROup 2300
Washington, D.C. 20231

PRELIMINARY AMENDMENT

Sir:

IN THE DOCKET BER
Please change the attorney docket number to:
--02055.P002C--
(i. e.add a "C" atthe end.) -

e

/

Please enter the amendment mailed on July 10, 1995, submitted under

IN THE CLAIMS

37 C. F. R. § 1.1186, but unentered in the parent application.

3 ."—7 g “q K ! [ !
G (//L . K \ - B / / %
b . (.t / .
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REMARKS

Please consider the remarks in the above referenced amendment, submitted

but unentered in the parent application.

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN

Date: _ODectabr [/ 1995 AN 2 .of

Keith G. Askoff
Reg. No. 33,828

12400 Wilshire Boulevard

Seventh Floor

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

FIRST CLASS CERTIFICATE OF MAILING
Q7 CFR, § L8a)

1 hereby certify that this correspondence is being deposited with the United States Postal Service as first class majl

with sufficient postage in an envelope addressed 10 the Commissioner of Patents and Trademarks, Washington, D.C.

20231

on Qgtober 18, 1995
Date of Deposit
Edith Fuentes
Name of Person Mailing Correspondence

ﬂ%k/)éﬂk?& 4§ AT The

Signature Dute
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D() Attomey's Docket No: _02055.P002C Patent

A 1995 nrefhe Appicaion ot _Jed Margoln
' ¢ ey g s
Bapeut

(inventor(s})
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Filed: __August9 1995 i
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ncocivew
(title) HOYV 0 7 1995
THE COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231 GROUP 2300

SIR: Transmitted herewith is an Amendment for the above apptication.

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been established by

a verified statement previously submitted.

A verified statement to establish smalt entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
_X__ No additional fee is required.

The fee has been caiculated as shown below:

OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additional
After Amd. Palid For Extra Rate Fee Rate Fee
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ndep- 1. 4 | Minus | = 4 0 x39)$ 0 x78|$
First Presentation of Multiple
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* if the entry in Col. 1 is less than the entry In Col. 2, Total Total
write *0% in Col. 3. Add. Fee | $ 0 | Add. Fes|®

** If the "Highast No. Previously Paid For" IN THIS
SPACE is less than 20, write “20" in this space.
It the *Highest No. Praviously Paid For" IN THIS SPACE 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 Cal. 1 of a prior amendment or the number of claims originally filed.

A check inthe amount ot $, is attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) for an Extansion 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 ot $
A duplicate copy of this sheet is enclosed.
X The Commissioner is herepby authorized to charge payment of the following fees associated
with this communication or cradit any overpayment to Deposlt Account No. 02-2666
(a duplicate copy of this sheet is encliosed):
X Any additional filing fees required under 37 C.F.R. § 1.16 for presentation of
extra claims.
X Any extension or petition fees under 37 C.F.R. § 1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

can_(Jehnll_ 1151 w2 g

Keith G. Askoft

12400 Wilshire Boulevard

Seventh Floor Reg. No. 33,828
Los Angeles, California 90025
(408) 720-8598

| heraby certity that this correspondence is being deposited with the United Statas Postai Service as first class mail
with sulficient postage in an envelope addressed to the Commissioner of Patents and Trademarks, Washington,

D.C. 20231
on October 18, 1995
Data ot Daposit
Fuente:
Name of Person Mailing Correspondence
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Washington, D.C. 20231
SIR: Transmitted herewith is an Amendment for the above application.G HOUP 2300

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been established by
a varified statement previously submitted.

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.

The fee has been calculated as shown below:

OTHER THAN A
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Serial No.: 08/513,298 2
Art Unit: 2304

Part III DETAILED ACTION

Notice to Applicants

1. This office action is responsive to the preliminary amendment
filed on October 20, 1995. As per request, the amendment mailed
on July 10, 1995 of the parent application, serial number
08/274,394 which was abandoned on October 16, 1995, has been
enter.

2. In the amendment filed on July 10, 1995, claims 1, 5-7, 1l1-
13, 17-22, 31-32, 36-39 have been amended. Claims 29-30 have
been canceled. Thus, claims 1-28 and 31-39 are pending.

3. The rejections under 35 U.S.C. § 112, second paragraph, have

" been withdrawn upon the amended claims.

Claim Rejections - 35 USC § 103

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

A patent may not be obtained though the inventicn is not
identically disclosed or described as set forth in
section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been
obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by
the manner in which the invention was made.

Subject matter developed by another person, which qualifies
as prior art only under subsection (f} or (g) of section 102
of this title, shall not preclude patentability under this
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Weshington, 0.C. 20231

[ SEFIAL NUMBER | FILING PATE | FINST NAMED INVENTOR

[ ATTORNEY DOCKET 0. |

[aR L T A DS O

N manen (2]
EXAMINEN
Eaa e

[ ARTURIY | PAPER NUMBER |

=

dTH L

DATE MAILED:

This Is a communication fram the examiner in charge of your application.
GOMMISSIONER OF PATENTS AND TRADEMARKS

D This application has been examined Raspansive to communication {lled on 9] 205 7 D This action is made final
A shortened statutory period for response to this action Is set to expire ;> month(s), 7 days from the date ot this lettar.
Fallure to respond within the period for response will cause tha appiication 1o become abandoned. 35U.S.C. 133

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

I:ﬁNotice of Reterences Citad by Examiner, PTO-832. 2, D Notice ot Draftsman’s Patent Drawing Review, PTO-848.

3. [ Notice of Art Cited by Applicant, PTO-1448. 4. [ Notios of Informal Patent Application, PTO- 152,
S. D Intormation on How to Eftect Drawing Changes, PTO-1474. 8. D

Partll SUMMARY OF ACTION

Mcmlms |- QX/ ) Al = ?’)[]
A Ot the above, claims

ZMClaims :7\[, -3

3.0 clams

4.ﬂc»alms \—RK/' CD)(_, ?5]

5. craims

6.{1 ciaims

7. D This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

are pending In the application.

are withdrawn from consideration.

have been cancelled.

are allowed.

ars rejected.

are objected 10.

are sublecl to rastriction or slection raquiremant.

8. D Formal drawings are required in respanse 1o this Office actlon.

9. D The corrscted or substitute drawings have been recaived on . Under 37 G F.R. 1.84 these drawings
are [ acceptabie; [J not acceptable (see explanation or Notice of Draltsman's Patent Drawing Raview. PTO-948).

10. D The proposed additional or substituta sheet(s) of drawings. flled on

. has (have) been [Japproved by the
examiner; (J disapproved by the examinar (see axplanation).

11. D The proposed drawing corraction, flied has been [Japproved; [Jdisapproved {see explanation).

12. D Acknowledgement Is made of the claim for priority under 35 U.S.C. 119. The centified copy has O been recelved [J not been racaived
1 besn flled in parent application, seral no. ; fited on

12, D Since this application apppears 1o be in condition for ailowance axcapt for formai matters, prosecution as to the merits is clased in
accordance with the practice under Ex parte Quayle, 1935 C.D. t1; 453 0.G. 213.

14. D Othar

EXAMINER'S ACTION O 1 3 4

PTOL-326 (Rev. 2/83)




Serial No.: 08/274,394 2
Art Unit: 2304

Part III DETAILED ACTION
Notice to Applicants
1. This office actiocn is responsive to the amendment filed on

February 13, 1995 . As per request, claims 1-13 have been

amended. Claims 14-39 have beén added. Thus, claims 1-39 are

pending.
2. New title has been entered.
Election/Restriction
3. Newly submitted claims 29-30 are directed to an invention

that is independent or distinct from the invention originally
claimed for the following reason:

Newly added claims 29 and 30 are directed to a method for
producing a terrain data based comprising terrain data and said
terrain data represented as ouec or more polygons. However, the
original set of claims are directed to a pilot-aid which uses an
aircraft's position and attitude to transform data from a digitall
based to present a pilot with a synthesized three dimensional
projected view of the world.

Since applicant has received an action on the merits for the
originally presented invention, this invention has been

constructively elected by original presentation for prosecution
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Structure of Digital Dawa

The Earth Science Information Centers (ESIC) distribute digital cartographic/geographic data files
produced by the U.S. Geological Survey (USGS) as part of the National Mapping Program. The
data files are grouped into four basic types. The first type, called a Digital Line Graph (DLG), is
line map information in digital form. These daia files include information on planimetric base cate-
gories, such as transportation, hydrography, and boundaries. The second type, called a Digital
Elevation Model (DEM), consists of a sampled amay of elevations for ground positions that are
usually at regularly spaced intervals. The third type, Land Use and Land Cover digital dara,
provide information on nine major classes of land use such as urban, agricultural, or forest as well
as associated map data such as political units and Federal land ownership. The fourth type, the
Geographic Names Information System, provides primary information for known places, features,
and areas in the United States identified by a proper name.

The digital cartographic data files from selected quadrangles currently available from ESIC include
the following:

. Digital Elevation Models (DEM's)
- 7.5-minute
- 15-minute
- 30-minute
- 1-degree

. Digital Line Graphs (DLG's)
- 1:24,000-scale
- 1:62,500-scale
- 1:63,360-scale
- 1:100,000-scale
- 1:2,000,000-scale

. Land Use and Land Cover digital data
- 1:250,000- and 1:100,000-scale Land Use and Land Cover and associated maps
- 1:250,000-scale Alaska Interim Land Cover

. Geographic Names Information System

The digital data are useful for the production of cartographic products such as plotting base maps
and for various kinds of spatial analysis. A major use of these digital cartographic/geographic
data is to combine them with other geographically referenced data, enabling scientists to conduct
automated analyses in support of various decision making processes.

The information for the following pages on "Structure of Digital
Data" was obtained from sections of the DATA USERS GUIDES listed:

DATA USERS GUIDES

1: Digital Line Graphs from 1:24,000-Scale Maps - §$2

2: Digital Line Graphs from 1:100,000-Scale Maps - $1.50

3: Digital Line Graphs from 1:2,000,000-Scale Maps - 31.50

4; Land Use and Land Cover from 1:2,000,006-Scale Maps - §1

S: Digital Elevation Models - 51 ) )
6: Geographic Names Information System - $1 OI ejd *
7:

Alaska Interim Land Cover Happing Program - §$1

Data Users Guides 1-7 ceplace Geological Survey Circular 895 B_G.

AUGUST 1993



7.5-MINUTE

ALASKA DIGITAL ELEVATION MODELS

The product consists of a regular array of elevations referenced horizontally 1o the
geographic (latitude/longitude) coordinate system of NAD 27 or NAD 83.

Elevation data on the quadrangle neatlines (all four sides) share edge profiles with the
surrounding eight quadrangles.

Elevations are in meters or feet relative to NGVD 29,

The data are ordered from south to north in profiles that are ordered from west to
east.

Characteristics

Alaska DEM's have the following characteristics:

The unit of coverage corresponds to four basic quadrangle sizes for 1:24,000- and
1:25,000-scale graphics (depending on latitude):

Cell size limits

7.5 x 18 minutes Sute of Alaska north of 68° N ladtude
7.5 x 15 minutes Between 62° N and 68° N latitude
75 x 11.25 minutes Between 59° N and 62° N ladmde
7.5 x 10 minutes State of Alaska south of 59° N latiwude

The longitudinal limits of these cells are computed e
meridian. The north-south cell limits conform to ey
latitude.

ast and west of the -150 degree
en multiples of 7.5 minutes of

The data are collected with a 1- x 2-arc-second spacing in latitude and longitude,
respectively. The first and last data points along a profile are at the integer degrees
of ladmde. A profile will therefore contain 451 elevatons,

Characteristics

15-MINUTE Alaska DEM's have the following characteristics:

The unit of coverage corresponds to four basic quadrangle sizes for 1:63,360-scale
graphics (depending on latitude):

Cell size limits

15 x 36 minutes State of Alaska north of 68° N latitude
15 x 30 minutes Between 62° N and 68° N latirude
15 x 22.5 minutes Between 59° N and 62° N latrude
15 x 20 minutes State of Alaska south of 59° N latituds

The longitudinal limits of these cells are computed east and west of the

: -150 degree
meridian. The north-south cell limits conform 1o even mul

tiples of 15 minutes of

latitude. 0155

The data are collected with a 2- x 3-arc-second spacing in latitude, and longitude,

respectively. The first and last data points along a profile are at the integer degrees
of latimde. A profile will therefore conrain 451 elevations.

N
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JEGREE DIGITAL ELEVATION MC LS

1-Degree DEM (3- x 3-arc-second data spacing).
blocks. Two products (three in some regions of Alaska) provide the same coverage
as a standard USGS 1- x 2-degree map series quadrangle. The basic elevation model

is produced by or for the Defense Mapping Agency (DMA), but is distributed by
USGS in the DEM data record format.

Provides coverage in 1- x 1-degree

Characteristics

A l-degree DEM has the following characteristics;

. The product consists of a regular array of elevations referenced horizontally on the
geographic (latitude/longitude) coordinate system of the World Geodetic System 1972
Datum (WGS 72) or the World Geodetic System of 1984 (WGS 84).

. The unit of coverage is a 1- x l-degree block. Elevation data on the integer degree
lines (all four sides) correspond with the same profiles on the sumounding eight
blocks.

. Elevations are in meters relative to NGVD 29 in the continental U.S. and local mean

sea level in Hawaii and Pueno Rico.

The data are ordered from south 10 north in profiles that are ordered from west 10

east

. Spacing of the elevations along each profile is 3 arc-seconds. The first and last data
points are at the integer degrees of latitude. A profile will therefore contain 1,201
elevations.

. Spacing between profiles varies by latitude; however, the first and last daa points are

at the integer degrees of longiude. North of 50° degrees N and south of 70° N, the
spacing is 6 arc-seconds with 601 profiles per product. For the remainder of Alaska
north of 70° N the spacing is 9 arc-seconds with 401 profiles per product.

For U.S. 1:250,000-scale 1 degree by 2 degree areas, you need
to order TWO 1 degree by 1 degree DEM units: EAST HALF and
WEST HALF. They are TWO separate DEM units with TW
costs: $7 for each half for a total of $14 for the
if you are ordering six or more units.

0 separate
entire area,

122° 121° 120°
3g° 38°
WEST EAST SAN JOSE
HALF HALF 1° x 2°
1° x 1° 1° x 1° 1:250,000~
unit unit scale area
3g° 37°
. , 01353
For ALASKA 1:250,U00-scale DEMs, some areas require THREE units: J

EAST HALF, CENTRAL HALF and WEST HALF, if you want the entire area.



U.S. Departmant of the Interior
U.S. Geological Survey

Eanh Science

information Center (ESIC)

US GeoData

Factsheet

Digital Line Graphs

Digital line graph data

Digital line graph (DL.G) data are digital
representations of cartographic infor-
mation, DLG's of map features are
converted (o digital form from maps and
related sources. U.S. Geological Survey
(USGS) DLG data are classified as large,
intermediate, and small scale.

Data sources

Large-scale DLG data are derived from
USGS 1:20,000-, 1:24,000-, and
1:25,000-scale 7.5-minute topographic
quadrangle maps. If 7.5-minute maps are
not available, sources are used in the
following order of preference: (1) advance
manuscripts for 7.5-minute maps; (2)
published 15-minute quadrangles at
1:62,500 scale (1:63,360 scale for
Alaska); and (3) archival compilation
materials for 15-minute quadrangles such
as 1:48,000-scale compilations.

Intermediate-scale DLG data are derived
from USGS 1:100,000-scale 30- by 60-
minute quadrangle maps. If these maps
are not available, Bureau of Land
Management planimetric maps at a scale
of 1:100,000 are used, followed by
archival compilation materials.

Small-scale DLG data are derived from
such maps as the USGS 1:2,000,000-scale
scctional maps of the National Atlas of
the United States of America. Alaska
hydrography data were collected at
1:1,000,000 scale from Landsat images
from 1979. Other categories of data were
revised from 1979-80 sources.

Unit size and file extent

Large-scale DLG data are produced in
7.5-minute units that correspond to USGS
1:20,000-, 1:24,000-, and 1:25,000-scale
topographic quadrangle maps. However,
some older units in the western United
Siates cover 15-minule areas and corres-
pond to maps at 1:62,500 scale. The unit
sizes in Alaska vary depending on
latitude. Units south of 59° N. cover

ll

Plot of DLG data—norihwast corner of Bombay, New York-Quebec Quadrangle, 1:24,000-c~ale showing
hydrography, roads and bails, railroads. misceltaneous rransponation, and hypsography.

15- by 20-minute areas; between 59° and
62° N., 15- by 22.5-minute areas; between
62° and 68° N., 15- by 30-minute areas;
and north of 68° N., 15- by 36-minute
areas {all values are latitude and longiwde,
respectively).

Intermediate-scale DLG data are sold in
30-minute units that correspond o the
east or west half of USGS 30- by 60-
minute 1:100,000-scale opographic
quadrangle maps. Each 30-minute unit is
produced and distributed as four 15- by
15-minute ceils, except in high-density
areas, where the 15-minute cells may be
divided into four 7.5-minute cells.

Intermediaie-scale hydrography and trans-
portation DLG data are sold on compact
disc-read only memory (CD-ROM). Each
disc contins all the 15- by 15-minute cells
within the 1:100,000-scale quadrangles
that cover a State or States. Currently 3
areas within 14 planned sectional regions
in the United States are available: Area
3—southeastern States of NC, SC, and
GA; Area 4—-FL; and Area 13—north-
westem States of WA, OR, and ID.

Small-scale DLG data that correspond 1o
USGS 1:2,000,000-scale sectional maps
of the National Atlas are sold in 21 units.
Fifteen sections cover the continental

United States, five cover Alaska, and one

covers Hawaii. These sectional DLG's are
usually sold in multi-State units. Some,
however, may cover only one State or a
portion of a State. All 21 units are
available on a single CD-ROM.

All nonstandard quadrangles with neat-
lines that extend beyond the standard unit
size to accommodate overedge boundaries
are collected as multiples of the standard
unit size. Data covering a 7.5- by §8.5-
minute quadrangle area would, therefore,
be sold as two 7.5-minute units.

Data content

Large-scale DLG data are avaitable in
nine categories: (1) hypsography,
including contours and supplementary
spot elevations; (2) hydrography,
including flowing water, standing water,
and wetlands; (3) vegeuative surface
cover, including woods, scrub, orchards,
vineyards, and vegettive features
associated with wetlands- (4) non-
vegetative features, incluaing lava, sand,
and gravel; (5) boundaries, including
Siate, county, city, and other national
and State tands such as forests and parks;
(6) survey control and markers, including
horizontal and vertical pasitions (third
order or better); (7) ansportation,
including roads and trails, railroads,



pipelines, and transmission lines; (8)
manmade features, including cultural
features not collected in other major data
categories such as buildings; and (9) the
Public Land Survey System, including
township, range, and section line
information.

Presently, intermediate-scale DLG's are
sold in five categories: (1) Public Land
Survey System; (2) boundaries; (3) trans-
portation; (4) hydrography; and (5)
hypsography.

Small-scale DLG data are sold in three
categories: (1) boundaries, including
potliical and administrative boundaries;
(2) transportation, including roads and
trails, railroads, and cultural features
(airports and the Alaska pipeline); and
(3) hydrography, including streams and
water bodies, and hypsography
(Continental Divide only). All of these
categories are also included in the
1:2,000,000-scale CD-ROM.

Data structure

All DLG data distributed by the USGS
are DLG - Level 3 (DLG-3), which means
the dara contain a full range of atribute
codes, have full topological structuring,
and have passed cenain quality-control
checks. The DLG-3 concept is based on
graph theory in which a two-dimensional
diagram is expressed as a direct graph
composed of a set of nodes, lines, and
areas that express logical relationships
with minimal redundancy. Nodes define
the end points of lines. A line is an
ordered set of points that describe the
position and shape of a linear feature of
the map. An area is a continuous,
unbroken region of the map bounded by
lines. Applied 1o a map, this concept
expresses spatial relationships between
map elements that are obvious when the
map is examined. The spatial relation-
ships between features on a map include
concepts such as location, adjacency, and
connections. Data that maintain the spatial
relationships inherent in the map are
topologically structured.

Attribute codes

Auribute codes are used o describe the
physical and cultural characteristics of
DLG node, line, and area elements. Attri-
bute codes are used © reduce redundant
information, provide enough reference

nformation to support integration with
larger daua base, and descrbe the
relationships between cartographic
elements. Each DLG element has one or
more attribule codes composed of a three-
digit major code and a four-digit minor
code. For example, with the 1:2,000,000-
scale DLG data, the line attribute code
290 5001 has a major code (290),
meaning road, with a minor code (5001)
identifying the road as an interstate,

Data formats

Large- and intermediate-scale DLG’s arc
available in standard and optional
formats. The standard format has reduced
storage requirements, 144-byte logical
record length, an intermal file coordinate
system (thousandths of a map inch), and
topological linkages contained only in the
line elements. The optional format is easy
1o use with an 80-byte logical record
length, a ground planimetric coordinate
system (Universal Transverse Mercatar),
and topological linkages contained in
node, line, and area elements. .

Small-scale DLG's are available in
standard, optional, and graphic formats.
The standard fonmat is the same as the
large- and intermediate-scale DLG's. The
optional format is also the same as the
large and intermediate scales, except that
it uses the ground planimetric coordinare
system of the Albers Equal-Area Conic
projection. The graphic formal is compat-
ible with Geological Survey Cartographic
Automatic Mapping (GS-CAM) plotting
software, with a 20-byte logical record
length; a geographic (latitude-longitude)
coordinate system expressed in degrees,
minutes, and seconds; and no topological
linkages. All three formats are available
on the 1:2,000,000-scale CD-ROM.

Data records

The standard format data are organized
into 9 record types and the optional
format data into 11 record types. For
descriptions of these record types, refer to
Data Users Guide 1—Digital Line Graphs
from 1:24,000-Scale Maps, Data Users
Guide 2—Digital Line Graphs from
1:100,000-Scale Maps, and Data Users
Guide 3—Digita! Line Graphs from
1:2,000,000-Scale Maps.

The graphic format data are DLG line
records organized by feature type and

.ormatted into two record Lypes: one
line identifier record and multiple
latitude-longitude records.

Data accuracy validation

DLG data do not carry quantified
accuracy statements. However, the data
files are checked and validated before
they are released for distribution for file
fidelity and completeness, atribute
accuracy, and topological fidelity. For
large- and intermediate-scale DLG's,
additional data validation such as edge
matching and quality control flagging is
performed.

US GeoData Sampler

The US GeoData Sampler is available
for a nominal charge. Data contents
include the 7.5-minute digital elevation
model (DEM) and the 1:24,000-scale
DLG for Tumwater, Washington; the
1:100,000-scale DLG for Tacoma,
Washington; the 1:2,000,000-scale DLG
for the northwestem States (WA, OR,
and ID): the 1- by 2-degree land use and
land cover data for Seattle, Washingion;
the 1- by 1-degree DEM for Seattle,
Washington East; and the Geographic
Names Information System data for the
State of Washington.

Ordering instructions

DLG data are writtcn as ANSI-standard
ASCII characters in fixed-biock format on
unlabeled or ANSI labeled nine-track
magnetc tape at a 1,600-bpi or 6,250-bpi
density. DLG's may be ordered by speci-
fying the scale, format, maximum block
size, tape density, tape label, and either
the wpographic quadrangle name or
section, or the southeast latitude and longi-
tude comer coordinates of Uie sales unit

The US GeoData Sampler can be ordered
by name and is offered in standard or
optional ASCII DLG formats, on either
one 6,250-bpi or three 1,600-bpi tapes.

To assist you in ordering, the Earth
Science Information Center (ESIC) can
furnish indexes, price lists, and order
forms. Data Users Guides are included
with each order.

For further information, contact the
USGS, Earth Science Information Center,
507 National Center, Reston, VA 22092,
or call 1-800-USA-MAPS.

June 1993
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DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

This document describes the Digital Line Graphs (DLG's) prepared primarily from the 1:24,000
materials associated with the USGS Topographic Map Series. The series will eventually provide
complete national coverage.

DATA CONTENT

The DLG dan files denved from the 1:24,000-scale and other large-scale maps contain selected
base categories of cartographic data in digital form; these data categories do not necessarily
correspond 1o the traditional feature separates associated with the maps. The auribute coding
scheme for these data has undergone several revisions since the start of the digital program. A
major revision of these codes has been printed as Standards for Digital Line Graphs - Part 3,
Anrbute Coding, which is available for purchase from a USGS ESIC office (see the ordering
information inside the front cover). Cumentdy, DLG data entered in the National Digital
Cartographic Data Base (NDCDB) are coded in accordance with the Srandards for Digital Line
Graphs. The implementation of the new coding standards will require the updating of existing files
in the NDCDB in order to have a consistent product available for users. Software and procedures
are being developed to convern existing data files to these codes during the next several years.
Priority will be given 1o converting files retrieved in response 10 sales requests. In the meantime, a
data base query will provide identification of the coding scheme used for any file in the NDCDB.
This information will be supplied to customers when orders are submitted, and upon transmirmal of
data files. The following catcgories are included in current large-scale DLG files:

. Boundaries -- This category of data consists of (1) political boundaries that identify
States, counties, cities, and other municipalities, and (2) administrative boundaries
that identify areas such as National and State forests. Political and administradve
boundaries are always collected as a single data set.

. Hydrography -- This category of data is cumently being collected as combined
hydrography consisting of all flowing water, standing water, and wetlands,

Prior to 1983, hydrographic data were differentiated into two components:  streams
and water bodies. Streams represent flowing water and were digitized as a network
intended for hydrologic flow modeling. Streams included the banks of double-line
rivers and centerline connectors placed through double-line rivers and lakes. Water
bodies include standing water such as lakes and ponds. Wedands and coastal
hydrographic data were not collected. )

. Public Land Survey System (PLSS) - This category of data describes the
rectangular system of land surveys that is adminisiered by the US. Bureay of Land
Management. PLSS data are only collected for areas falling solely, or in par,
within the States thar were formed from the public domain. The PLSS subdivides
the public domain and represents property boundaries or references 1o property
boundaries. These DLG data are not intended to be official or authoritative.  They
are presented as cartographic reference information. The only legal basis for
determining land boundaries remains the original survey. Ntz



DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

continued

Transportation -- This category of data includes major transportation systems
collected in three separate overlays labeled: (1) Roads and Trails, (2) Railmads, and
(3) Pipelines, Transmission Lines, and Miscellancous Transportation Features.

In the last quarter of 1985, new transportation attribute codes were implemented.
The principal difference between the old and new coding schemes is that under the
old wrransportation subcategory, certain miscellaneous transportation features were not
collected and descriptive attribute codes were not used.

Other Significant Manmade Structures -- This category of data includes
miscellaneous cultural features not included in the other major data categories.

New attribute codes for Other Significant Manmade Structures were implemented in

the last quarter of 1985, Very litle data from this category currently reside in the
NDCDB.

The attribute codes for the following base categories were newly defined in late 1985, Currendy,
there are very lirde data available in these categories.

Hypsography -- This category of data consists of information on topographic relief
(primarily contour data).

Surface Cover -- This category of data consists of information about vegetative
surface cover such as woods, scrub, orchards, and vineyards. Vegetative fearures
associated with wetlands, such as marshes and swamps, are collected under
Hydrography.

Non-Vegetative Surface Features -- This category of data consists of information
about the natural surface of the Earth as symbolized on the map such as lava, sand,
and gravel features. This category is not all-inclusive, as other non-vegetatve
surface features are found in the category of Hydrography.

Survey Control and Markers -- This category of data consists of informadon about
the points of established posidon and third-order or better elevations that are used as
fixed references in positoning and corelating map features.

01
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DIGITAL LINE GRAPHS FROM 1:2,000,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:2,000,000-scale maps contain selected base categories of
cartographic data in digital form. The data files are derived from the sectional maps of the 1970
National Atlas of the United States of America. The following categorics are included in current
1:2,000,000-scale DLG files:

. Boundaries -- This category of data includes boundary information collected in two
separate subcategories: (1) Political Boundaries and (2) Administrative Boundaries,

. Hydrography -- This category of data includes features collected in three separate
subcategories: (1) Streams, (2) Water Bodies, and (3) Hypsography (Continental
Divide only).

. Transporiation -- This category of data includes major transportation systerns

collected in three separate subcategories: (1) Roads and Trails, (2) Railroads, and
(3) Cultural Features (airports and Alaska pipeline).

DISTRIBUTION FORMATS

The 1:2,000,000-scale DLG data are available in three distribution formats: (1) standard,
(2) optional, and (3) graphic.

The Standard distribution format was designed to minimize storage requirements. Explicit
topological linkages are contained only in the line elements.

The Optional distribution format was designed for data interchange. These files are typically larger
than those in the standard format but, for certain applications, can simplify processing
requirements. Topological linkages are explicitly encoded between all line and node elements, and
all line and area elements. This structure allows a polygon data structure to be easily created.

The Graphic distribution format was designed to be compatible with the GS-CAM (Geological
Survey - Cartographic Automatic Mapping) software. This software provides for plotting line and
point information using a vardety of map projections, scales, and graphic symbologies.

The files in the graphic distribution format are derived from the topologically
structured DLG data described above, and contain a subset of the line and atribute code
information in the DLG files. No node or area information is stored in these files.

These files are
not topologically structured.

The small-scale (1:2,000,000-scale) DLG sectional U.S. coverage
data is available on a CD-ROM for $32.



DIGITAL LINE GRAPHS FROM 1:100,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:100,000-scale maps contain selected
base categories of cartographic data in digital form; these data cate-
gories do not necessarily correspond to the traditional feature separates
agsociated with the maps. The following categories are included in cur-
rent 1:100,000 DLG files:

. Hydrography -- This category of data describes combined
hydrography consisting of all flowing water, standing water, and
wetlands.

. Transportation -- This category of data includes major trans-

portation systems collected in three separate subcatepories
labeled: (1) roads and trails, (2) railroads, and (3) pipelines,
transmission lines, and miscellaneous transportation.

. Hypsography -- This category of data consists of information on

topographic relief (primarily contour data), and supplementary
spot elevations.

. Boundaries -- This category of data consists of (1) political
boundaries that identify States, counties, cities, and other
municipalities, and (2) administrative boundaries that identify
areas such as National and State forests. Political and admini-
strative bhoundaries are always collected as a single data set.

. Public Land Survey System (PLSS) —- This category of data
describes the rectangular system of land surveys that is
administered by the U.S. Bureau of Land Management. PLSS data
are only collected for areas falling solely, or in part, within
the States that were formed from the public domain. The PLSS
subdivides the public domain and represents property boundaries
or references to property boundaries. These DLG data are not
intended to be official or authoritative. They are presented as
cartographic reference information, The only legal basis for
determining land boundaries remains tha original sucvey.

The hypsography, boundary, and PLSS categories were authorized for

production in late 1987. Currently there is very little data available
in these categories.

The remaining categories: manmade features, survey cantrol, vegetative
surface cover, and nonvegetative features are projected to enter the
production phase in 1990.



DIGITAL LINE GRAPHS

DISTRIBUTION FORMATS

The 1:24,000-scale and other large-scale DLG data are available in two distibution formats: (1)
standard and (2) optional. :

The Standard distribution format is intended to minimize storage requirements. Explicit topological
linkages are contained only in the line elements (starting node, ending node, area to the left of
direction of travel, area to the right of direction of travel).

The Optional distribution format was designed to facilitate data usage. The topological relationships
explicidy encoded include starting node, ending node, area to the left of direction of travel and area
to the right of direction of travel for line elements, bounding lines for area elements, and bounding
lines for node elements. These files are typically larger than those in the standard format but, for
certain applications, can simplify processing requirements. For example, topological linkages are
explicily encoded for ail line, node, and area elements, allowing a polygon data structure to be

easily created. These linkages facilitate GIS applications of DLG data as well as generation of
graphic products.

The characteristics of the standard and optional DLG formats are

Standard and optional DLG format

Standard Optlonal
Character set 8-bit ASCO 8-bit ASCI
Logical record 144 bytes 80 bytes
length
Physical record Variable in Variable in
length (blocksize) multiples of multiples of
144 Dbytes, 80 bytes.
Coordinate system Intemal file Ground
(thousandths of planimetric
a map inch). (UT™).
Topological Contained only Contained in
linkages in line elements. node, area, and

line elements.

01535,



DIGITAL INE GRAPHS FROM 1:2,000,000-SC. & MAPS --continued

‘Multistate cells used for Digital Line Graphs from 1:2,000,000-scale maps.

INDEX MAP

NORTHEASTERN STATES

MIDDLE ATLANTIC STATES
SOUTHEASTERN STATES
FLORIDA

SOUTHERN MISSISSIPPI VALLEY STATES
CENTRAL MISSISSIPPI VALLEY STATES
NORTHERN GREAT LAKES STATES
SOUTHERN TEXAS
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CENTRAL PLAINS STATES
NORTHERN PLAINS STATES

12 ARIZONA AND NEW MEXICO

13 SOUTHERN CALIFORNIA

14 CENTRAL PACIFIC STATES
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17 CGENTRAL ALASKA

18 NORTHERN ALASKA

19 SOUTHWESTERN ALASKA
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APPENDIX --Sample DLG Data File (Standard Distribution Format)

(Bach 144-character rocord is shown as Iwo consecutive 72-character tines.)

GLEN ELLEN 1968 24000
3 1 10 -0.122033045000000D 09 0.380180450000000D 08 0.0
0.0 0.0
0.0 0.0 0.0
0.0 0.0 6.0
0.0 0.0 ’ 0.0
0.0 2 0.610000000000000D 00 o] 4
-0.122625000000000D 03 0.382500000000000D 02 -0.122625000000000D 03
0.383750000000000D0 02 -0.122500000000000D 03 0.383750000000000D 02
=0.122500000000000D 03 0.382500000000000D 02

0.609594407550000D 00 -0.288178569420000D-02 0.538248793410000D 06
0.424037445560000D 07 4

SW -é971-11376NW -B8955 11375NE 8955 11376SE 8971-1137¢

1
BOUNDARIES (24425) 795 16 795 7 530 20
N 1 -8971-11376 0 1]
N 2 -8955 11375 0 0
N 3 8955 11376 0 ]
N 4 8571-11376 0 0
N 5 -8966 3203 0 0
N 6 2101 11374 0 0
N 7 5832 11376 0 0
N 8 7513 11376 0 0
N $ 8956 7494 0 0
N 10 8961 2884 0 0
N 11 3469 10371 0 0
N 12 5330 9112 0 0
N 13 -3115-10127 0 0
N 14 7520 11175 1 0

90 1



nicates with the satellites via an 8-  mine position. The code called the
band uplink and downlink. Coarse/Acquisition code (C/A code),

Civilian GPS receivers decode is a pseudorandem-noise (PRN)
one of the satellites’ two biphase modulation at 1.023 MHz on the L1
spread-spectrum codes to deter- carrier frequency. The other PRN

code, called the Precise code (P
code), modulates both the L1 and
L2 carrier frequencies at 10.23 MHz
to provide better position accuracy.
The P Code is intended for military
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GPS RECEIVERS

use. The DoD plans to encrypt the

code in the near future.

The receivers have omnidirec-
tional antennas for receiving the L1
and L2 signals from geveral satel-
lites simultaneously. The antennas
have low-noise amplifiers and
ground planes to reduce multipath
signals. The receivers convert the
signals to baseband for single or
multiple channels. Single-channel
receivers are cheaper than multi-
ple-channel receivers, but they
must time-multiplex data from mul-
tipte satellites. These receivers lose
phase-tracking information while
breaking and reacquiring lock.

As the price of GPS ICs drops,
multiple-channel receivers are be-
coming more prevalent. Commer-
cially available GPS receivers come
in all shapes and sizes. They range
from handheld portable products to
instrument pods on high-perform-
ance aireraft. Novatel's GPSCard is
a representative multiple-channel
GPS receiver for OEM applications.

Simply plug in a card

The GPSCard is available with an
&-bit ISA bus or Eurocard connec-
tor. The card accepts signals from
an external GPS antenna and feeds
them to 10 parallel tracking chan-
nels. High-speed samplers convert
each channel's analog data to digital
data. Proprietary ASICs digitally
process the data to calculate the re-
ceiver's position.

The GPSCard specifies a time Lo
the first satellite fix of 2 minutes
from a cold start. A cold start
means that the receiver's memory

has no ephemeris data from any sat-

ellite. A GPS satellite broadeasts its
ephemeris data in a navigation mes-
sage that modulates the L1 and L2
carrier signals. The receiver must
decode the navigation message to
store the ephemeris in memory.
The eard ean reacquire a signal
wilhin 5 seconds once the memory
contains recent satellite ephemeris
data via the navigation message.

40 - EDN January 7. 1993
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The GPS 10 Sensor baard implements Garmin‘s Multitrac technology on a 4 X 2.65 x0.75-
In. OEM card. Tha receiver can track and use as many os elght satellites for occurate

paositioning.

The GSPCard software lets you
enter waypoints to mark off an un-
chartered route. The software con-
tains a global map based on WGS-84
(Worldwide Geodetic System 1984)
coordinates. These coordinates are
a best-fit spheroid approximation of
the earth's surface. Using a built-in
or user-defined survey datum, you
can refine your location on the
global map.

All GP'S receivers specify a zero-
baseline measurement accuracy.
The zero-baseline specifications are
the receiver's accuracy limils taken
when using one antenna and two
of the receivers in one location.
Manufacturers also provide accu-
racy data for GPS receivers under
an assumed operating condition.
This condition assumes a certain
geometrical dilution of precision
(GDOP) for the arrangement of the
satellites. The receiver's software
calculates the GDOP using a matrix
of data from four satellites.

You obtain a receiver's position
accuracy by multiplying the GDOP
vilue by the zero-baseline measure-
ment accuracy. GDOP values usu-
ally range from 2 to 6. A high GDOP
value occurs when the four satel-

lites are bunched close together,
which results in poor position accu-
racy. The lowest GDOTP occurs
when one satellite is directly over-
head and the other three are
equally spaced on the harizon. If
more than four satellites are in
view, a GPS receiver can calculate
the various GDOPs to select the
four satellites that have the mini-
mum GDOP value.

Civilian surveying, exploration,
and navigation equipment use dif-
ferential GPS to improve position
accuracy. The mobile GPS receivers
receive the satellite signals in tan-
dem with signals from a reference
receiver at a known fixed position
on earth. This technique can result
in a measuring accuracy of within
a centimeter.

GPS receivers specifly accuracy
with the Selective Availability (SA)
feature turned on or off. SA lets
the Dol decreuase a receiver's posi-
tion accuracy. When on, SA de-
grades the C/A code's frequency
and the resolution of ephemeris
data for civilian use. The intent is
to provide more resolution for a
military receiver than for a poten-
tial adversary receiver using the
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GPS RECEIVERS

same satellite signals. However,
the differential GPS technique can
effectively cancel the effects of SA,
so the feature doesn't make a lot
of sense.

From a civilian point of view, SA
is a real nuisance and is causing con-
siderable unrest about. the future of
the GPS. Because the GPS is cur-
rently under autocratic control, the
DoD can make changes to it at a
moment's notice. Another sticky is-
sue is funding. Depending on whose
figures you use, GPS operating
costs—which includes the replace-
ment of inoperative satellites—
could be in excess of $500 million
per year. Each satellite has an ex-
pected lifetime of 7.5 years. In light
of federal-budget constraints, US
taxpayers and the Congress may
not be willing to pay these costs.

The Russian Glonass satellite po-
sitioning system should bhe opera-
tional by 1995, Glonass will provide
the same global coverage as the
GPS and offers a viable supplement
or alternative. However, receivers
for the GPS and Glonass are not
interoperable. The GPS employs
time-division multiple access, and
Glonass uses frequency-division
multiple-access methods, Clearly,
some political issues have to be ad-
dressed before a true global system
becornes a reality. [EDN]
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Audor's Guide To ops
CLar ke

The overall system provides:

¢ Accurate 3D (three-dimensional) determination of position, velocity, and
time

* Passive aperation

* All-weather operation
* Real-time positioning
* Continuous operation

® Usable in a hostile environment (military uses)

Itis important to note that GPS receivers vperate passively (no communication
with the satellite system), therefore, a limitioss number of simultaneous users can
exist.

In accordance with the Federal Radionavigation Plan (FRP) jointly prepared
by the Department of Defense and Department of Transportation:

-+ - Many existing navigation systems are under consideration for replace-
ment by GPS beginning in the mid- 1o late-1990s. GPS may ultimately sup-
plant less-accurate systems such as LORAN-C, Omega, VOR, DME, TACAN,
and Transit, thereby substantially reducing federal maintenance and operat-
ing costs assuciated with these current radionavigation systems,

National security caveat

In the interest of U, national security, the highly accurate and dependable
GPS has built-in features which can deny accurate service to unauthorized users,
prevent spoofing (passing of incorrect data meant to deceive users), and reduce re-
ceiver susceptibility to jamming.

These security measures, designed only with the military in mind, can cause
considerable difficulties for unauthorized users, [:'saenlially, an unauthorized user
is defined as anyone without a specific military need and /or mission,

GPS PROGRAM HISTORY

Since the early 1960s the U S. Air Force (USAF) and U S, Navy (USN) have oper-
ated or studied assorted satellite navigation systems. The navy sponsored two
programs, Transit and Timation.

Transit: First operational in 1964, Transit is currently providing surface navi-
gation service for ships.

Timation: A high-tech research program for a two-dimensional (latitude and
longitude) navigation system.

During the same period of time, the air force conducted vonceptstudies assessing a
three-dimensional (latitude, longitude, and altitude) navigation system called 6218,

2 GPS from inception




GPS program management

In 1973 the U.S. Deputy Secretary of Defense directed that the air force be the
executive service to consolidate the Timation and 621B programs into a single, all-
weather navigation system to be called the NAVSTAR Global Positioning System.

The NAVSTAR GPS Joint Program Office (PO) was established in july 1973 at
US. Air Force Systems Command /Space and Missile Systems Organization
(SAMSO), Los Angeles AFB, California. The JPO is staffed by personnel from the
USAF, USN, US. Army (USA), U.S. Marine Corps (USMC), U.S. Coast Guard
(USCG), US. Defense Mapping Agency (DMA), NATO nations, and Australja.

Development phases of GPS

By December of 1973 the JPO had received approval to start the concept valida-
tion phase (Phase One) of the GPS program. This phase included concept studies,
projected system performance, and feasibility. 'hase One was completed in 1979,

Phase Two was subsequently started and included full-scale equipment Je-
velopment (including the development of GPS user equipment) and system test-
ing. That phase ended in 1985,

The third phase (Phase Three) started in 1985, with the production of Gps
equipment and further system developments leading to the completed satellite
constellation, Master Control Station (MCS), and advanced user equipment.

Operational capability

The term FOC (full operational capability) defines the condition when full and
supportable military capability is provided by a system. GPS FOC will be declared
by the Secretary of Defense when 24 operalional satellites (Block /1A types) are
in their assigned orbits and when the constellation has successfully completed
testing. Three of the 24 satellites will be orbiting spares that can easily be moved to
replace a faulity satellite.

An Initial Operational Capabilily (I0OC) was attained when 24 GPS satellites
(Block 1/I/1A types) were operating in their assigned orbits, available for naviga-
tion use, and providing service. This tota] included thiee Operational spares in orhif.

Notification of TOC came from the Secretary of Defenge following an asscss-
ment by the USAF (the system operator) that the constellation could wustain re-
quired levels of accuracy and availability throughout the 10C period. 10C
occurred on December 8, 1993, Fy]] military FOC is expected in 1995.

Prior to [OC, GPS was considered to be in the process of development for oper-
ational purposes, therefore signal availability and accuracy were subject to change.

Operation and logistical support

Starting in 1986, overal] operation of the Control and Space Segments of GI'S
was managed by the USAF 2nd Space Wing at Falcon AFB, Colorado. Prior to that
time operation was from a Prototype master control station operated from Van-
denberg AFB, California.

GPS Program History 3
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Fig. 1-1. Falcon AFB, Colorado. showing the master control station

In January 1992 the U.S. Air Force activated the 2nd Operations Squadron (2
SOPS), 50th Space Wing, at Falcon AFB, Colorado, with an assigned mission to op-
erate the master control station (Fig. 1-1).

The costs

The GPS is expensive from the point of view of the United States taxpayer. Itis
installed, operated, and maintained for all to use, on a wurldwide basis, with no
user charge.

The overall initial costs to the taxpayer for GPS has been in excess of $10 bil-
lion. Annually, additional funds must be expended for system upkeep. The tenta-
tive GPS budget for 1994 amounts to more than $500 million for the DOD and
various smaller sums for DOT, the USCG, and the FAA.

GPS SEGMENTS

GPS consists of space, control, and user segments. Each segment has specific du-
ties and responsibilities (Fig. 1-2):

o Space—satellites
« Control—ground-based tracking and system adjustment

o User—receiver/processor

Space segment

The NAVSTAR space segment is a constellation (group) of GPS satellites in
semi-synchronous orbits around the earth.

4 GDPS from inception
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. Magellan MAP /000~
pecifications and Characteristics.

Operating Characteristics

5 channels Datahase:
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or International (Lagn
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Recever Type:
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Built-in Jeppesen®
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For more informanin, contact: Magellan Systems

Corpuranon, 960 Overland Ct,, San Dimus, CA 91773,

Ph: (909) 394-5000; Fax: (909) 394-7050

“lecuracy perndent v HIXOP wd ity 1 hunge e

vrdange

stk DO il GPY wer oy, A Mageliun proefiacis ure mae e

'
1
]
i
|
|

UNA und are warmanicd for o peod of ane yeur Jrom dte of Pur-hece
Ser wnarrony for futl desars,

B
I3
- ¥
i
4

= MAGELLAN

-
A
w4 W BRING GPS DOWN 10O EARTH™ !

l Made in the (JS.A




TrimbleNavig“on

A low-cost panel mount GPS
Jor general aviation users

Trimble has taken many of the outstanding
features found in its proven GPS Navigator
series and packaged them info a very capa-
ble and competitively priced GPS naviga-
tion system for gencral aviaion operators

The TNL-1000 provides users with an
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GPS Navigator™ Mo 1000

Adrborne GPS Navigation § ystem

Feuatures

Warldwide accuracy 15 meters: Bright highcontrse backlic
LD 2 x 20 clucicter display; Full three-dimensional positivning,;
Internal wordwide WporT, VOR and NDB acsonaurics! database;
Waypoint library holds O o 250 wsercreed huints; Store upy
to 20 Hlight plans of 20 WaypOInTs Vv Inseinaneous beadng and
and from any wiypone: Verticad mavigation; interfaces 1o
moving maps, auapitors, CDILand lags; R$-422 serial surput; and

nge w
l-year wairaney,

System Specifications

Type: Lt frequency, C/a code.
Six-channg! receiver,
continuous parailel tracking

Acyuisition time: 0.5 16 3.5 minutes

Dynamics: 8OO knues, (g tracking)

Accuracy:* Position: 15 meters RMS

Velocity: U1 knors steady state
Altitude: 35 meters RMS (mashy
Time: UTC 10 neuress microsecond

Computation rangae; Great Circle: 0 1o 999y nm

Distance resolution: D10 999 am: in 6.01 nm increments
100 WY sy in gy am incremenes
L0 nm +: 1.0 nm increments

Latftan resattian: 0.001 minuges

Database: Intemal worldwide
Includes wrpons. VORs and NDH's
identifier. Lutitude and Longitude
Intarfaces: EIA standards, two RS-i22s
CDIL Hags and ext. annunciators
GPS Antenna: Omsidirecrional flag microstrip
with interna| preamp.
Display: High contrus, super-owist LCD hacklir,
wide tempericure range
2 tines 0l 20 churacters cach
Environmantal: RTCA BO-1600
Saftware: RTCA DO =Ry

£ | ”Tifimble)\/-afx//gévz‘/on

Ph_ysg'(_.‘ul__Chumcrcristics

Receiver Size: O3 WX 108D X 2.0°H mux.
Antenna: 375W x £.00'D x 0 75

Receiver Weigh!: 24 s 011 ky) with mountiog 1y
Antenna: D4 1hs. (0.2 gy

Power; 1036 VIO, negative ground

035 amps @ 1 VvDC 5 wals,
0.21 amps @ 28 VDC 6 wals

Operaltng temp; Receiver:

0* 16 +35;
O+ 700

Anlcona: -35°

Storage temp: Receiver =537 1o +70°C

Operating humidity: 95% @ 50°(;

Operating Altituda: Receiver: up w 50,000 feer
(cabin pressure)
Antenui: up to 50,000 feet

*Note W lhew Sulatie Atscalutaliny (S0 epleniented L GPY ey

vty Pt D 8y

i it o 1y eyt o (O

ipncd CPS st somplicn u iy 11 s, P somatt wf Comeny 36 ¢y
Landnavy o of C gt U ot rad Protyigaes N bt 10 e
witleust wnti, Yo Yoy Worrinty. Mo, N KL C’ Lo ey
e iuj/(,,
For Sales Intormation; Far Service & Produgy Supgon:

Avioaics Division

Product Suppon: 1-800- 487- 1662
ar {512) 873-3100 Oytsige us.
Service: 1-800-487-4589

Trimnte Navigation
Avionics Division
2105 Donley Drive
Austin, TX 78758
Sates: [512)873-9100
FAX (512} 836-4413
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U.S. Department of the Interior

Factsheet
U.S. Geological Survey
E‘;’:r’:niﬁi::%:nler (ESIC)

US GeoData

Digital Elevation Models

Digital elevation models

Digital elevation model (DEM) data
consist of an armay of regularly spaced
elevations, U.S. Geological Survey
(USGS) DEM data are sold in 1.5-
minute, 15-minute (Alaska only), and
1-degree units.

Data production

DEM data for 7.5-minute units are
collected by four production methods:
(1) the Gestalt Photo Mapper I (GPM2),
an automated photogrammetric system
designed 10 produce orthophotos, digital
terrain data, and contours in subunits
called patches; (2) manuat profiling from
photogrammetric stereomodels using
stereoplotters equipped with three-axis
electronic digital profile recording
modules, by scanning stereomodels
along successive terrain profiles; (3)
interpolation of the elevatjons frcm
stereomodel digitized contours, derived
from stereoplotters equipped with three-
axis digital recording modules used for
compilation of 7.5-minute topographic
quadrangle maps; and (4) interpolation
from digitaf line graph (DLG) hypso-
graphic and hydrographic data, collected
using scanners, manual digitizers, and
automaled line followers:

DEM data for 15-minute unis are
derived from DLG hypsographic and
hydrographic data.

DEM daa for 1-degree units are collected
from wpographic map sources, ranging
from the 7.5-minyte map series (0 the

1- by 2-degree map series, or from photo-
graphic sources by using image correlation
systems,

Unit size and file extent

DEM data (or 7.5-minute units corres-
pond o the USGS 7.5-minute topographic
quadrangle map series for all of the
United States and its territories except
Alaska,

Portion of a 7.§-minute DEM piot of Tumwater, WA

DEM data for 15-minuge units correspond
to the USGS 15-minute topographic
quadrangle map series in Alaska, The unit
sizes in Alaska vary depending on the
latitude. Units south of 59° N. cover 15
by 20-minute areas, those berween 59°
and 62° N, cover 15- by 22.5-minyte
areas, those between 62° and 63« N.
cover 15- by 30-minute areas, and those
north of 68° N. cover 15- by 36-minute
areas. (All values are Ialiludc-longiludc.
respectively.)

DEM data are produced by the Defense
Mapping Agency in I- by 1-degree units
that correspand 1o the easy or west half of
USGS 1- by 2-degree topographic quad-
rangle map series (1:250,000 scale) for all
of the United States and ils temiories, In
Alaska these are west, central, and east
files.

All nonstandard quadrangles with near.
lines that extend beyond the standard unit
size 1o accommodate overedge boundaries
are collected as multples of the standard
unit sizes. These data, therefore, are sold
as (w0 7.5- by 7.5-minute units,

Data characteristics

All DEM data are similar in logical data
stucture and are ordered from south 1o
north in profiles that are ordered from
Wwest to east. However, they differ in
geographic reference systems and
sampling intervals.

DEM data in 7.5-minute units consist of
regular arrays of elevations arranged
hon'zonmlly on the Universal Transversc
Mercator (UTM) coordinate systein of
the North American Datum of 1927
(NAD 27). These data are stored as
profiles with 30-meter spacing along and
between each profile. The profiles do
not always have the same number of
elevations because of the vanable angle
between tue north and grid nonth in the
UTM system.

DEM data in 15-minute units consist of
regular arrays of elevations arranged
horizonually to the coordinate system of
NAD 27. The spacing between elevationg
along profiles is 2 arc seconds of latitude
by 3 arc seconds of longitude. Each
profile has 451 elevations.

DEM datwa in 1-degree units consist of

4 regular array of elevations amanged
horizontally using the coordinare system
of the World Geodetic System 1972
Datum. A few units are also available
using the World Geodetic Systemn 1984
Datum. Spacing of the elevations along
and between each profile is 3 arc seconds
with 1,201 elevations per profile. The
only exception is DEM dauw in Alaska,
where the spacing and number of
elevations per profile varies depending on
the latitude. Latitudes between 50° and
70° N. have spacings at 6 arc seconds
with 601 elevations per profile, and
latitudes greater than 70° N. have
Spacings at 9 arc seconds with 401
elevations per profile,

01576
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7.5 - Minute DEM plot of Tumwater, Washington

Data records

A DEM file is organized into three logical
records, types A, B, and C. The type A
record contains information defining the
general characteristics of the DEM,
including its name, boundaries, units of
measurement, minimum and maximum
elevations, number of type B records, and
projection parameters. There is only onc
type A record per DEM file. The type B
record contains profiles of elevation data
and associated header information. There
is a type B record for each profile. The
type C record contains stalistics on the
accuracy of the data,

Data accuracy

The accuracy of DEM data depends on
the source and resolution of the data
samples. The accuracy of the 7.5-minute
DEM data is derived by comparing linear
interpolated clevations in the DEM with
corresponding map location elevations
and computing the statistical standard
deviation or root-mean-square error
(RMSE). The RMSE is used to describe
the DEM accuracy. The verical accuracy
of 7.5-minute DEM's is 15 meters or
better. The 15-minuie DEM accuracy is
one-half of a contour interval of the
15-minute wpographic quadrangle map

or better. The 1-degree DEM data have
an absolute accuracy of 130 meters
horizontally and 30 meters vertically.

US GeoData Sampler

A US GeoData Sampler is available for a
nominal charge. The sampler includes the
7.5-minute DEM and the 1:24,000-scale
DLG for Tumwater, Washington; the
1:100,000-scale DLG for Tacoma,
Washington; the 1:2,000,000-scale DLG
for the northwestern States (WA, OR,
and ID); 1- by 2-degree land use and
land cover data for Seattle, Washington;
the 1- by 1-degree DEM for Seattle,
Washington East: and the Geographic
Names Information System data for the
State of Washington.

Ordering instructions

DEM data are written as ANSI-standard
ASCII characters in fixed-block format
on unlabeled or ANST labeled 9-track
magnetic tapes at a 1,600-bpi or 6.,250-bpi
density. The logical record length is 1,024
bytes with & physical record size of 4,096
bytes or four logical records. DEM data
may be ordered by specifying the unit
size, maximum block size, tape density,
and tape label and by identifying the sales
unit by topographic quadrangle name or

by the southeast latitude and longitude
comner coordinates.

The US GeoData Sampler can be ordered
in standard or optional ASCII DLG
formats, on either one 6,250-bpi or three
1,600-bpi 1apes.

The Earth Science Information Center
can fumnish indexes, price lists, and order
forms. Data Users Guides are included
with each order.

For further information, contact:

U.S. Geological Survey

Eanth Science Information Center
507 National Center

Reston, Virginia 22097
1-800-USA-MAPS

June 1393
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DIGITAL ELEVATION MODELS

7.5-MINUTE DIGITAL ELEVATION MODELS

Chanacteristics

A 7.5-minute DEM has the following characteristics:

. The data consist of a regular amay of elevations referenced horizontally in the UTM
coordinate system. The reference datum may be Nonh American Datum of 1927

. The unit of coverage is the 7.5-minute Quadrangle. Overedge Coverage is not pro-
vided.

. The data are ordered from south 10 north in profiles that are ordered from west 1o
cast.

. The data are stored as profiles in which the spacing of the elevations along and

between each profile is 30 m.

. The profiles do not always have the same number of clevations because of the vari-

able angle between the quadrangle’s true nonth and the grid nornth of the UTM coor-
dinate system.

. Elevations for the continental U.S. are either meters or feel referenced 1o the National
Geodetic Vertical Dawm of 1929 (NGVD 29).  Elevations for Hawaii and Pueno
Rico are either in meters or feet referenced 1o local mean sea leve]. DEM’s of low-
relief termain or generated from contour maps with intervals of 10 fi (3 m) or less
generally recorded in feet. DEM's of moderate to high-relief terrain or generated

from maps with terrain contour intervals greater than 10 ft are generally recorded in
meters.

are

Profiles for 7.5-minute DEM’s are generated by using a UTM cartesian coordinate system as a
base. The profiles are clipped to the straight-line intercept between the four geographic comers
of the quadrangie--an approximatdon of the geographic map boundary (neadine).

The resulting area of coverage for the DEM is a Quadrilateral, the opposite sides of

The UTM coordinares of the four comers (bounds) of the DEM’s are listed in the type A record,
as shown in rtable 1*data element 11; the UTM coordinates of the startng points of each profile
are listed in the type B record (profiles), table 2*data element 3, These coordinates describe the
shape of the quadnlateral and the variable x, y statting position of each profile. Becausz of the
varable orentation of the Quadrilateral in relation 1o the UTM coordinare System, profiles inter-
sect the east and west neatlines as well as the north and sourn neatlines.
In addition, DEM’s have profile easting values that are continuous from ppe DEM to the adjoin-
ing DEM only if the adjoining DEM is conrained within the same UTM zoge.

See Data Users Guide 5 - Digital Elevation Models
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In the United Statas Patent and Trademark Office
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Commissioner bf Patents and Trademarks
Washington, District of Columbia 20231

Sir:
Please file the following enclosed patent application papers:

Applicant #1, Name: Jed Margolin

Applicant #2, Name:
Title: PILOT AID USING SYNTHETIC REALITY

1 Specification, Claims, and Abstract: Nr. of Sheets }6
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{1 Return Receipt Postcard Addressed to Applicant #1.

[+ Request Under MPEP § 707.07(3): The undersigned, a pro-se applicant, respectfully
requests that if the Examiner finda {atentable subject. matter disclosed in thig application
but feels that Applicant‘s present ¢ aims are not entirely suitable, the Examiner draft one
or more allowable claims for applicant.

Very respectfully,
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using "Express Mail Post Office to Addressee” service under 37 CFR 1.10 on the date indicated
above and is addressed to "Commissioner of Patentg and Trademarks, Washington, DC 20231, ~

San Jose, Ca 95148-1916

Signed:




In the United 8tates Patent and Trademark Office
Information Disclosure Statement

Pilot Aid using Synthetic Reality 1 of B

Commissioner of Patents and Trademarks
Washington, District of Columbia 20231

Sir:

Attached are completed Form PTO-~1449 and copies of the pertinent parts of the
references cited thereon. Following are comments on these references pursuant
to Rule 98:

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

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

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

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

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

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

The 1992 patent to Fraughton et al. (U.S. Patent No. 5,153,836) shaws
a navigation, surveillance, emergency location, and collision avoidance
system and method whereby each craft determines its own position using LORAN
Oor GPS and transmits it on a radio channel along with the craft‘s
identification information. Each craft also receives the radio channel and
thereby can determine the position and identification of other craft in the

vicinity.,

01350



In the United States Patent and Trademark Offjice
Information Disclosure Btatement

Jed Margolin Pilot Aid using Synthetjc Reality 2 of 8

The 1992 patent to Beckwith et a]l, (U.S. Patent No. 5,140,532)
provides a topographical two-dimensional real-time display of the terrain over
which the aircraft ig passing, and a alope—shading technique incorporated into
the system provides to the display an apparent three-dimensional effect
similar to that provided by a relijef map. This ig accomplished by reading
compressed terrain data from a cassette tape in a controlled manner based on
the instantaneous geographical location of the aircraft ag provided by the
aircraft navigational computer system, reconstructing the compressed data by
Bujtable processing and writing the raconstructed data {nto a 8cene memory

with a north-up orientation. a read control cireuit then controls the read-out

respect to the terrain, permitting the pilot to navigate the aircraft even
under conditions of poor visibility. Howevep, the display provided by thig
8yatem is in the form of a4 moving map rather than a true perapective display
of the terrain as it would appear to the pilot through the window of the

aircraft.

The 1987 patent to Beckwith et al. (U.S5. Ppatent No. 4,660,157] is
8imilar to u.s. Patent No. 5,140,532, 1t aleo reads compressed terrain data
from a cassette tape in a controlled manner based on the instantaneoys
geographical location of the aircraft as provided by the aircraft navigational
computer asyatem and reconstructs the compressed data by suitable Processing

and writing the reconstructed data into a 8cene memory. Howaver, instead of

[N



In the United Btates Patent and Trademark Office
Information Disclosure Statement

Jed Margolin Pilot Aid using Synthetic Reality 3 of 8

shown in the ‘532 patent, the ‘157 patent proceases the data to provide a
3D perspective on the display. There are a number of differences between the
‘157 patent and the present invention:

1. The *157 Patent stores the map as a collection of terraln points with

associated altitudes; the large amount of storage required by this
approach requires that a tape be prepared for each miesion.
The present invention stores terrain data as a collection of polygons
which results in a significant reduction of data base storage; larger
geographic areas can be stored so that it it not necessary to generate
a data base for each mission.

2. The 'l157 Patent uses a tape cassette for data base storage; the long
access time for tape storage makes it necessary to use a relatively
large cache memory. The present invention uses a CD-ROM which permits
random access to the data so that the requirements for cache storage are
reduced.

3. The '157 Patent accounts for the aircraft's heading by controlling the
way the data is read out from the tape. Different heading angles result
in the data being read from a different sequence of addresses. Since
addresses exist only at discrete locations, the truncation of address
locations causes an unavoidable change in the map shapes as the aircraft
changes heading. The present invention stores terrain as polygons which
are mathematically rotated as the aircraft changes attitude. The
resolution is determined by number of bits used to represent the
vertices of the polygons, not the number of storage addreases.

4. The '157 accounts for the roll attitude of the aircraft by
mathematically rotating the screen data after it is projected. The ‘157

Patent does not show the display being responsive to the pitch angle of

=
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In the United States Patent and Trademark Office
Information Disclosure Btatement

Jed Margolin Pilot Aid using Synthetic Reality . 4 of B

the aircraft. In systems such as this the lack of fidelity is apparent
to the user. People know what things are supposed to look like and how
they are supposed to change perspective when they move. The present
invention uses techniques that have long been used by the computer
graphics industry to perform the mathematically correct transformation
and projection.

5. The ‘157 shows only a single cockpit display while one of the
embodiments of the present invention shows a stereographic head-mounted
display with a head sensor. The pilot is presented with a synthesized
view of the world that is responsive to wherever the pilot looks; the
view is not blocked by the cockpit or other aircraft structures. This

embodiment 1s not anticipated by the 157 patent.

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

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

The second sales brochure from Atari Games Corp. is for a coin-

operated game (Steel Talons) produced in 1991 and which also relates to the

'148 patent and the use of polygons to represent terrain and other objects.

01
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In the United S8tates Patent and Trademark Office
’ Information Disclosure Statement

Jed Margolin Pilot Aid using Synthetic Reality 5 of 8

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

1. The °638 Patent is for a digital map system only. The mattér of how the
location and attitude are selected is not addressed. The present
invention uses a digital map as part of a system for presenting an
aircraft pilot with a synthesized view of the world regardless of the
actual vieibility.

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

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

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



In the United Btates Patent and Trademark Office
Information Disclosure Statement

Jed Margolin Pilot Aid uasing Synthetic Reality 6 of 8

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

The 1994 patent to Lewins (U.S. Patent No. 5,302,964) shows a head-up
display for an aircraft and incorporates a cathode-ray tube image generator
with a digital look-up table for distortion correction. An optical asystem
projects an image formed on the CRT screen onto a holographic mirror combiner
which‘is transparent to the pilot’s direct view through the aircraft

windshield.

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

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

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

the GPS program.

[
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In the United Btates Patent and Trademark Office
Information Disclosure Statement

Jed Margolin Pilot Aid using Synthetic Reality 7 of 8

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

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

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

The gsecond sales brochure from the U.S. Geological Service shows the
availability of Digital Line Graph Models for all of the United States and its
territories. The data includes: political and administrative boundaries;
hydrography consisting of all flowing water, standing water, and wetlands;
major transportation systems consieting of roads and trails, railroads,
pipelines, transmission linea, and airports; and significant manmade
structures.

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

the U.S5. are covered by similar maps.

<G
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The sales brochure from Jeppesen Sanderson shows that the company

makes its navigation data base available in computer readable form.

Very respectfully,

V4 nf - 2 -
yed Wagetyn
I “
Jed Margolin
Applicant Pro Se
July 10, 1994
3570 Pleasant Echo
San Jose, CA 95148
(408) 238-4564

ENC: Liat of Prior Art & References
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Science began
when people
looked to the
skies to track the
seasons and find
their way. To-
day’s engineers
have achieved a
satellite-based
system that can
determine your
position to within
a centimeter.

GPS RECEIVERS

QON-TECHNOLOGY UPDAIY

System revolutionizes
surveying and navigation

JOHN GALLANT, Tachnical Editor

The Global Positioning System (GPS) is
a radio-navigation system that employs
RF transmitters in 24 satellites, GPS
receivers decode the satellites’ signals
to calculate the latitude, longitude, and
altitude of a position on earth. The posi-
tioning aceuracy ranges from 40m to less
than 1 em. This description seems straight-
forward, but imagine the
possibilities.

GPS applications ap-
pear limitless (see Table
1). You'll be designing
them into surveying and
navigational equipment,
airplanes, boats, and
trucks—and that's just
for starters,

Already GPS receivers
on airplanes and boats
are providing accuracies
10 to 100 times better -
than those achieved by
ground-based radio-navi-
gation aids such as [o-
ran, Omega, and VOR/
VME Tacan. Geologists
are using GPS to monitor
fault lines. Oil companies
are using GPS for off-
shore oil exploration. Be-
cause of their high-altitude orbit, GPS
satellites can keep track of lower-orbit
satellites such as weather satellites.
Fleet vehicles are trading their squawk-
ing radios for GPS receivers so the home
office can track vehicles in metropolitan
areas.

Satlock Ine (Stanfield, AZ) is using
the GPS to help evop sprayers spread
fertilizer and pesticides more effec-
tively. A GPS receiver monitors the
sprayed area to prevenl overspraying

and overfertilization. As receiver costs
plummet, there’s no reason why every
automobile shouldn't soon have a GPS
receiver to determine an optimal route
to a destination. An in-car computer
would analyze the GPS data and present
the route in color on a video screen. In-
formation on popular tourist attractions

Tapping into the GPS can be as sasy as plugging a 6PSCard into
yeur PC and connecting It to the Moda} 50! GPSAntenna and
integrated low-naise amplifier. The Novatal card has 10 channels
that track the C/A code and carrier signal’s phase.

and restaurants could be stored in CD-
ROM. In fact, Etak (Sunnyvale, CA) al-
ready offers digital maps for automotive
navigation.

Taxpayers foot the bill

The GPS, officially known as the
NAVSTAR GPS (NAVigation System
with Timing And Ranging Global Posi-
tioning System), is nearing completion
thanks to US taxpayers and the Depart-
ment of Defense {DoD). For complete
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GPS RECEIVERS

and continuous global coverage, the
GPS requires 21 satellites and 3
spares circling the earth once every
12 hours. The orbits are 10,898 nau-

tical miles above the earth and are
arranged in six orbital planes (Fig 1),
The planes are inclined 55° with re-
spect to the earth’s equatorial plane,

At the date of this writing, 19 satel-
lites are actively deplayed. The
launch schedule should complete
the 24-satellite constellation in 19493,
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GPS RECEIVERS

The satellite configuration guar-
antees that a GPS receiver located
anywhere on earth can receive RF
signals from at least four satellites
24 hours a day. Each satellite trans-
mits unique biphase pseudo-ran-
dom-noise codes on two L-band car-
rier frequencies—1575.42 and
1227.60 MHz. (For definitions of
GPS terms, see box, “Glossary of
GPS terms.”) A GPS receiver de-
codes the spread-spectrum modula-
tions and uses triangulation tech-
nigues on the satellite signals to de-
termine its precise longitude, lati-
tude, and altitude.

The spherical error probability
(SEP) defines the radius of a sphere

in which a GPS receiver's calculated |

position has a 50% confidence level.
The DoD has a worldwide position-
accuracy goal of 15m SEP using
pseudorange measurements. (Be-
cause synchronization errors exist
between the transmitter and re-

Fig 1—The complete Global Positloning System will include 21 satellites plus three spares
traveling in 12-hour dreular orbits 10,898 natical miles above the sarth’s surface. There
are six orbital planes;- which are inclined 55° from the earth's equatorial plane.
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A

34 -« EDN January 7, 1993



GPS RECEIVERS

ceiver clocks, the pseudorange is
not the true range. See box, “Find-
ing your pseudoway,” for how to
convert the pseudorange to the true
range.)

The GPS was conceived in the

EDN-TECHNOIOGV IIPD

ey

1970s because of the insufficient
coverage and inherent inaccuracies
of the 1960's Transit system. This
system—which is still operational—
consists of five or six satellites in
polar orbits 580 nautical miles

above the earth. Transit is accurate
to within 500m and does not include
enough satellites to provide global
coverage.

The DoD maintains the GPS via
five monitor stations. The stations

of a satellite
ters, in,a novi

w.6nd altitude;
" coveroge 16
"L band-<Th
1o 2GHz. 8

wirondom bmory_ ifs
“lite - carner fr

he:spha

g peuts every 266 4 doys A umque
he“code is osmgned 10 eoch so'ellne ond

se'sy ¢ hromzonon Jervors
ter - ‘and receiver clocks the pseudoronge
Ahe true range. .

“defines dato- -exchange pro!ocols and mes-
‘for differenial navigotion corréctions ™

The band of frequencies extending from 2
10'4 GHz: The GPS control siation at Colorado Springs,
m'umccnes with the satellites via an S-bond
27.50 MHz.-The staticn sends tracking and
a ond commond sugno!s The downlink lrom

seivers. The' DoD purposely degrades the
he gphemendes dcnc cnd dnhers rhe C/A

om opproxnmotely 15m SEP wnhouv SA to
ely 40m SEP with SA.

cal Error Probability)—The “radius of
at defunes a 50% conlidence level in the
. posmon measurement .in three dthr\-

‘and muhnplynng by

e for Iomude and longlrude measure-
EP (cuculor error probability). ¢
Anintérmediate latiude and IongrrudL |
vigated Course. The navigator must pass
point to reach the final des!monon A woypo»n! can
g or stationary. :

-84 {World Geodetic System 1984)—The
to_dord coordma!e sysiem adopted for the GPS. The
a best-fir approximation of the earth's surface
oblate spheraid. The latitudes ond longitudes of
id are used with local maps to determine the
rs of’o porhculor regnon
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GPS RECEIVERS

are in Hawaii and Kwajalein in the
Pacific ocean, the Ascension Islands
in the Atlantic ocean, Diego Garcia
in the Indian ocean, and Colorado
Springs, CO. The Colorado Springs

location is the master control sta-
tion for the system. All of the moni-
tor stations track the GPS satel-
lites, and the master control station
provides 24-hour updates to correct

for satellites’ ephemerides and clock
errors. (“Ephemerides” is an astro-
nomical term for tables of parame-
ters defining the orbit of a satellite.)
The master control station commu-

sage’ contoms mformohon obouv the ‘accuracy of the
at lne clock the’ sotellne 's ephemens the condmon

vof the sotellite,
epresennng 1

press 1he two’

-.Acruolly, only fhe U carrier frequency is necessory to

2, and low-cccurucy almanac dulo By
,C/A code’ o

and the | navigation message dum as D(t) you ‘can ex-

he P code as P(t)

;s determine position. Dual- Frequency receivers use the

pheric effects. .

xght Nmes the chonge in'the GPS mosrer conlrol slonon

1712 carrier lrequency pnmonly 10 compensnle [or aimos-

Civilion recsivers use the C/A de. To de!ermme the
~.distance be!ween the raceiver and a particilar scnellxre
“the receiver generates a rephco of the sotellite’s C/A
3"+ code using its onboard synchromzed clock. A cross-
:: correlator delays the receiver- -generated code to align
“z it in time with the C/A code Irom the satellite. When the
" “codes align, a peak in the correloror s output lets the
""frecenver determine how long'¢ ogo ‘the code wos sent,
““.or the time deldy. The receiver “and satellite clocks are
5 Synchronous, 5o the receiver.can deduce the distance
Zirom” Ihe time deloy D|stonce

speed _ofhlughr X time

quals e speed vof :

N _The clock error !erm is the dnHerence between the satel-
"Ilre clock error {Bk) ond the recever clock error (81,)

The ‘satellites use rubidium and cesium atomic clocks
that have long-term frequency stabilities of IQ"]/cﬁy”
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The Commissioner of Patents
and Trademarks

Has received an application for a patent for a
new and useful invention. The title and de-
scription of the invention are enclosed. The
requirements of law have been complied with,
and it has been determined that a patent on
the invention shall be granted under the law.

Therefore, this

United States Patent

Grants 1o the person(s) having ritle to this
patent the right to exclude others from mak-
ing, using, offering for sale, or selling the in-
vention throughout the United Siates of
America or importing the invention inio the
United States of America for the term set forth
below, subject 10 the payment of maintenance
Sfees as provided by law.

If this applicarion was filed prior 10 June 5,
1995, the 1erm of this patent is the loager of
seventeen years from the date of grant of this
parent or twenty years from the earliest effec-
tive 1).S. filing date of the application, sub-
Ject to any statutory extension,

If this application was filed on or after June
&, 1995, the term of this patent is twenry years
[from the earliest effecrive U.S. filing dare of
the application, subject 10 any stattory ex-

tension.
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