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1. (Once Amcndéd) A system comprising:
a remotely piloted aircraft including,
a position determining system to locate said remotely piloted aircraft's
position in three dimensions: and |
an orientation determining system for determining said remotely piloted
ajrcraft’s orientation in three dimensional space; |

a communications system fo_r communicating flight data between a computer and
said remotely piloted aircraft, said flight data including said remotely piloted aircraft's
position and orientation, said flight data also including flight control information for
controlling said remotely piloted aircraft;

a digital database comprising terrain data;

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

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

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

2. (Once Amended) The system of claim i, wherein:

said rémotcly piloted aircraft [including:] includes a device for capturing image |
data; énc_l

said system operates in at 1'east a first mode in which said image data is not
transmitted from wlﬂgﬂﬂg@mmw_mfﬁciem data rate to

allow fo i iloting of the remotely piloted aircraft

2. '
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7 [a position determining system for locating said remotely piloted aircraft's
Q)\ 8  position in three dimensions; and-
9 an orientation determining system for determining said remotely piloted
10 aircraft's orientation in three dimensional space].
1 @/ (Once Amended) A station for flying a remotely piloted aircraft that is real or
2  simufated comprising: 1
3 a database comprising terrain data;
4 a set of remote flight controls for inputting flight control information,
5 a computer having a communications unit configured to receive status
6 information idéntifying said remotely pil;'ned aircraft's position and orientation in three
b_/ 7  dimensional space, said computer configured to access said terrain data according to said
% 8 status information and configured to transform said terrain data to provide three
9 dimensional projected image data representing said remotely piloted aircraft's
10 environment, said computer coupled to said set of remote flight controls and said
11 comrnuﬁications unit for transmitting said flight control information to control said
12 remotely piloted aircraft, said computer also to determine a delay time for
13 communicating said flight control information bctwcén said computer and said remotely
14  piloted aircraft, and said computer to adjust the sensitivity of said set of remote flight
15  controls based on said delay time; and X
16 a display configured to display said three dimensional projected image data.
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7  remotely piloted aircraft's position and orientation, to a pilot station f
8 into a three dimensional projected image of said remote oted aircraft's environment
according to a database reppésentiny real te 1al terrain using polygons, said
10 communications system Also fi eiving from said pilot station flight control
11 information; and

ontrol system fo sting-said remotely piloted aircraft's flight in response to

control information.

- Please add !hefollowing new claims:

e

@ r 1 51, (New) The remotely piloted aircraft of claim 24 further compeisi

1'6;36. {New) The system of claim 1, wherein:

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

3 said system operates in at least a first mode in which said image data is not transmitted
4  from said remotely piloted craft to said computer but stored in said remotely piloted
5

aircraft.

2 a device for capturing image data, wherein said remotely pilgted aircraft operates
3 in at least a first mode in which said image data js.\not trangmritted from said remotely
4  piloted aircraft to said computer at a sufficiept datafate to allow for real time piloting of

5  the remotely piloted aircraft.

1 52 {New) The mettiod of claim 32 further comprising the step-of:

2 geperdfing said flight control information responsive to said simulated three

3 -dimenstorral View and without any 1mage transmitted troim-said remotely pitored

-4.
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1 Wdofclaim%, wherein said step of generating said flight-con

information in response to manual manipulationg©Rthe set of manual_flightGntrols on

said pilot station includes the step of:

interpreting-said current-pesitiorm TEIAUIVE Y0 the horizon, rather than 4 rare of ———

2
3
4 " receiving input representing-a current pgsition of a diregtional control; and
5
6

rotation.

REMARK

Applicant respectfully requests reconsideration of this application as amended.

35 US.C. §]03 rejection, over Lyons in view of Wysoki or Fant or Beckwith
The Examiner has rejected Claims 1-9, 14-18, 23-32 and 34-38 under 35 U.S.C.

§103 as being obvious over Lyons in view of Wysoki or Fant or Beckwith.

According to M.P.E.P. § 2142, “[t]o establish a primary facia case of obviousness,

... the prior art reference (or references when combined) must teach or suggest all the
claim limitations. The teaching or suggestion to make the claim combination and the

reasonable expectation of success must both be found in the prior art, and not based on

applicant’s disclosure.” (emphasis added).

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

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

A.ttorney Docket 002055.P004 Patent
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CLAIMS 24 AND 32

1. The Office Action Misdescribes Lyons

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

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

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

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

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

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

map is not generated based on the database).

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

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

! In summary, the Lyons reference teaches various techniques for updating the dead reckoned position of

rernotely piloted aircrafi on a two dimensional moving map display available to the pilot. In particular, Lyons
contemplates a RPY eransmitting information to a conlro! center (Figure 1). The control center is used by the pilot to
fly the RPV. To display the position of the RPV (o the pilot, the control center provides a “moving map display.” As
contemnplated by Lyons, “the most convenient display mode for the present application is the rolling map or 'passing
scene' technique where a new line is added to the top of the display and the scene is shifted slowly downwards” (page
5-3, end of first full paragraph). In panticular, Lyons contemplates using film to generate the moving map (Figure 5},
The moving map is moved based on the dead reckoned positions of the RPY,

Ag is well known in the art, dead reckoned positions have accumulating error. To adjust for this error, Lyons
describes lwo basic concepts: 1) map matching (Section 3); and 2) terrain map correlation (Section 4). The map
matching concept requires that the RPV transmit some kind of image data to the control center, In Figure 6, the
control center is shown having the moving map display and the sensor display {i.e., a display generated from the image
data transmitted by the RPY). Lyons contemplates the transmission of two kinds of image data: 1) side looking radar
(SLR): and 2) real time forward-looking sensors. When using the SLR system, the SLR generated image data receive!
by the control center allows it to make a downward-looking image. The pilot watches the sensor display (i.c., the
display generated based on the transmitted image data). for “likely update features”—Ilandmarks. When the pilot sees a
Iandmark in the sensor display, the pilot presses a transfer button which causes the contro! center to superimpose the
sensor display over the moving map (Figure 5). The pilot then adjusts the moving map so that it matches the overlaid
sensor display image and presses an accept button. By adjusting the moving map in this manner, the dead reckoned
position of the RPY is updated in an attempt 10 remove the error assaciated with the calculation of dead reckoned
positions (Page 5-3, second, third, and fourth full paragraphs). The simulated SLR/map update system is illustrated in
Figures 7A and 7B.

Having described the SLR-based map matching technique, the real time forward-looking sensor technique
will now be described. Lyons describes basically two techniques of updating dead reckoned RPVY positions on a
moving map using only real time forward-looking sensors: 1) an anamorphic projection technique {page 5-3, fifth full
paragraph; figure 8); and 2) a HUD based technique (page 5-3, sixth full paragraph; figure 9). Simular to the SLR
based technique, the anamorphic projection technique requires the pilat to watch the sensor display {1.e., (he image
gencrated from the transmitied data) for landmarks, press a button which superimposes the transmitted image on the
moving map, adjust the moving map, and press an accept button, As described in Lyons, in order to supenmpose the
forward-looking transmitted image on the moving map, the forward-looking tmage 18 transformed using anamorphic
projection. Lyons goes on to describe various problems with the anamorphic projection technique, and then describes
the HUD based technique,

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

In summary, the map matching techniques-use the following: 1) the transmission of image data from the
RPY to the control center, 2) a display at the contro] center which shows an image based on the real time image data
received from the RPV; 3} a moving map display that is moved based on the dead reckoned position of the RPV; and
4) some manner of superimposing the sensor image onto the moving map 10 allow the pilot 1o update the moving map
in an effort to correct the error associated with the dead reckoned positions. Neither the sensor display’s image nor the
moving map can be equated to the generation of “a three-dimensional projected lmage" generated based upon “a
digital database” giored in the control center. The sensor display’s image is based on image data transmitted from the
RPY, while the moving map contemplated by Lyonsisa two-dlmensmnal top down view displayed using film (see
Figures 5 and 7).

Having described the map matching techniques from Lyons, Applicant will now describe the terrain map
correlation technique of Lyons. The terrain map correlation technique described in Lyons is also used for correcting
the error in dead reckoned positions shown fo the pilot by a two-dimensional moving map. In particular, Lyons siates
at page 5-3, last paragraph:

7-
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The office action states that Lyons teaches a remotely piloted aircraft that
transmits its position and orientation. However, Lyons actually teaches the remotely
piloted atrcraft transmitting either: 1) video or radar image data; or 2) laser
measurements (see above and footnote). Neither the video/radar image or the laser
measurements are' the RPVs position, but are data used to either manually or
automatically update the dead reckoned position of the Lyons system. Thus, Lyons does
not teach the claimed transmission of the remotely piloted aircraft’s position and
orientation in three dimensional space (see claims 24 and 32).

In addition, the office action cites pages 5-4, third paragraph, and Figure 8 as
disclosing a single system that accesses a database based on the remotely piloted
aircraft’s transmitted position and orientation and transforms the terrain data into a
projected image. However, Figure 8 is for a first system in which the RPV uses a
“forward looking sensor” to transmit a video image and the pilot station uses anamorphic
projection to ovérlay that image on a 2D moving map, which is not generated by

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

i
Reconnaissance or forward-looking sensors provide a convenient method of updating the
navigation system. However, these sensors required Jarge datalink bandwidth to transmit the video
picture to the control center and hence are vulnerable to ECM... Hence, an alternative method of
ating the navigation system is desirable. (emphasis added) ,
The phrase “updating the navigation system” is used throughout Lyons 1o refer to the adjustment of a two-dimensional
moving map in an effort to correct for error due to dead reckoning.

Rather than requiring the user to actively update the moving map display (i.e., push a button which causes
the images lo be.superimposed, adjusting the moving map, and pushing an accept button), the terrain map correlation
technique allempts to adjust the moving map (i.¢., correct for the dead reckoned error) without prlot intervention using
a [aser range measurements and a digital elevation database. In operation, the RPV transmits 1o the control center a set
of laser range measurements (including an altimeter reading). The conlrol center uses dead reckoned positions to both
adjust the two-dimensional moving map and to estimate the location of the RPY over a digital database map of
elevation points stored in the control center (Figure 10). Based on a calculation of the possible error associated with
the dead reckoned positions, a search area is identified in the digitel database (Figure 12}, A search is then performed
within this search area to identify the position that most closefy matches the transmitted laser range data. The RPY’s
position is then updated to the location that best matches the transmitted laser ranges in an attempt to correct the error
associated with the dead reckoned positions. The moving map is then automatically adjusted (without pilot
intervention) to reflect the updated RPV position.

Thus, the digital database of Lyons {conceptually illustrated in Figure 10) is-not used to generate a three-
dimensional projected image, but is used to update the two-dimensional moving map in an effort to correct far the
error in the dead reckoned positions. In addition to the description in Lyons, further support for the fact that the digital
database of Lyons is not used to generate a three-dimensional projected image is that the image of Figure 10 is
generated using square polygons. Square polygons are not guaranteed to be planar, and therefore, typically are not
used for generating images. In contrast, triangular polygons are guaranteed 10 be planar and are typically used for
displaying images.

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

With reference to the laser system, the database is simply used to correct for the
accumulating error in the dead reckoned position. Once the actual location of the RPV is
corrected using the database and laser measurements, the database is no longer used or
transformed. In contrast, the image generated by Lyon's pilot station is the 2D moving
map with an indication of the corrected RPV location (see footnote 1 for support). Thus,
Lyons does not teach the claimed transformation of the terrain data in the database to
generate a projected image based on the position and orientation transmitted by the RPV.

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

The office action cites Wysoki or Fant or Beckwith as teaching the generation of
. three dimensional image data from a digital database. However, the claimed invention
requires that the database represent the terrain using polygons (see Applicant’s claim 24,
lines 9 - 10 and claim 32, lines 10-11). None of Lyons, Wysoki, Fant or Beckwith
generate a projected image using polygons’. Furthermore, none of Wysoki, Fant or ‘
Beckwith teach th'e limitations of the claims discussed above with reference to Lyons.

Therefore, the combination does not teach the transmission by the RPV of its position and

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

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

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

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

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

Fant describes the use of two databdses: 1) the object library database which contains real-world images; and
2) the gaming area database which provides the information necessary for the placement of the contents of the abject
library, surfaces, and special effect on a grid or gaming area (see col. 6, line 38 - col. 7, line 10). In particular, the Fant
patent is for a high performance computer graphics system that combines Computer Generated Imagery (CG with
Computer Synthesized Imagers (CSI) to form’ Computer Generated Synthesized Imagery (CGSI) (see col. 2, line 53 -
col. 3, tine 12).

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

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

are allowable over the cited prior art.

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

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

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

Kanaly.

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

Similar to the limitations of Claims 24 and 32, Claims 1 and 14 require that the RPV
transmit its position and orientation in three dimensional space to the pilot station and
that the pilot staﬁon transform the terrain data with respect to the pdsition and orientation
to generate a three dimensional projected image. As previously stated, the (.:6‘mbinati0n
of reference does not teach these limitations.

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

Kanaly does not teach or suggest these limitations. In contrast, Kanaly deals with
a system in which a remote operator wears a heimet (on which an oculometer is

mounted) that determines where the remote operator is looking. Signals indicating where

-10-
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the remote op;:trator is Jooking are sent to the RPV. The RPV includes a camera. The
prior art system over which Kanaly distinguishes is one in which the camera on the RPV
provides high resolution data in the center and low resolution data on the periphery. Asa
result, the prior art system must move the camera in response to the remote operators
movements. This camera movement introduces a delay in the image provided to the
remote operator.

To reduce or remove this delay {(not measure it or adjust flight controls) due to
movement of the camera, Kanaly teaches having the camera store high resolution data
over th_e whole scene in a memory on board the RPV. The RPV transmits the high
resolution imagery corresponding to the center of where the remote operator is Jooking
and low resolution imagery (based on the stored high resolution data) Eorresponding 1o
the remote operator's peripheral vision. As a result, movement of the remote operator’s
head merely requires the RPV adjust from where in the memory the high and low
resolution data is accessed - the camera need not be moved. “Because the high resolution
data is obtaine& from memory and not from the camera equipment directly, as in the prior
art, the scheme in accordance with the present invention permits the camera to be
effectively decoupled from the data link.” (see col. 2, line 56 - col. 3, line 24; col. 8, line
54 - col. 9, line 6).

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

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

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
-_ " in view of Thqrnberg
The Examiner has rejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as
being obvious over Lyons in view of Wysoki or Fant or Beckwith, and fﬁrther in view of

Thornberg.
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Claims 12-13 and 21-22 are each dependent on one of the allowable base claims |
and 14. For at least this reason, Applicant respectfully submits that claims 12-13 and 21-
22 are allowable,

 New claims 50 -53

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

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

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

Conclusion

-

Applicant respectfully submits that the rejections have been overcome by the

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

as amended be allowed.

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

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

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

remains any issue with allowance of this case.

Charge our Deposit Account

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

Respectfully submitted;

OLOFF, TAYLOR & ZAFMAN LLP

/4{

Dania‘it De Vos
Reg. No. 37,813

BLAKELY, 8

Date: ___2/27 ,19%8

12400 Wilshire Boulevard

Seventh Floor

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

Notice to Applicant(s)

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

50-53 are pending, |

2. The prior art submitted on March 02 Hias been considered.
Drawings

3. The drawings are objected to under.37 CFR § 1.84 for the reasons set forth by
the draftsman. -See attached PTO-948 form for details. Correction is required.

However, correction of the noted defect can be deferred until the application is allowed
by the examiner.

Claim Rejections - 35 USC § 103

-

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

obviousness rejections set forth in this Office action:
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(a) A patent may ndt 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
subjéct matter sought to be patented and the prior art are such thét 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.
i’atentability shall not be negatived by the manner in which the invention was
made.
5. Claims 1-9, 14-18, 23-38, and 50-53 are rejected under 35 U.S.C. § 103(a) as
being unpatentable over Lyons et al. (an article entitled “Some Navigation Concepts
For Remotely Piloted Vehicles”, AGUARD Conference Proceedings No. 176 on
Medium Accuracy Low Cost Navigation, September 1975, pages 5-1 to 5-15) in view
of Wysocki et al. (5,381,338) or Fant (4,835,532) or Beckwith et al. (4,660,157), and
further in view of Kanaly (4,405,843).

a. With respect to claims { and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) inclu&ing a remotely piloted aircraft (see figure 8,
RPVj, a communications system for communicating flight data between a computer and
said remotely piloted aircraft, said flight data including said remotely piloted aircraft's

position and orientation, said flight data also including flight control information for

controlling said remotely piloted aircraft (see page 5-2, section Radio Navigation Using
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a Data Link, and figure 6 and the 1:cla.tcd"text), a digital database comprising terrain
data (see pages 5-3 and 5-4, section Terrain'Map Correlation; and figure 8). Lyons et
al. further disclose that the computer accesses said terrain data according to said
remotely piloted aircraft's position and to transform said terrain data to provide a
projected image data according to said remotely piloted ai;craﬂ's orientation; a display
for displaying said projected image data (see page 5-4, third paragraph, and figure 8),
and a remote flight control coupled to said computer for inputting éaid flight control
information (see figure 6).

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

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

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

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

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

C, With respect to claim 3, Lyons et al. disclose that the flight data
communicated between said remotely piloted aircraft and said computer is secured (see
page 5.-2, first paragraph of the Ra“dio Nav.igation Using Datalixﬂg section),

d. With respect to claims 4, 5, 7, and 15, Lyons et al. disclose that said
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remotely piloted aircraft further comprises a infra red sensor image (video camera) and
means for communicating and displaying video data representing images éapturcd by
" the sensor image (see page 5-3, section Map Matching, and figure 8).

e. With respect to claims 6 and 1‘6:’,, Lyons et al. disclose that the video data
is transmitted on a different communicatior linl; (wideband transmission of video
signals) than said flight data (see page 5-2, first paragraph of section Radio Navigation
Using a Data Link).

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

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

h. With ;;spect to claim 23, Lyons et al. disclose that the communications
unit includes at ieast one of a communicati'oﬁs transceiver and a simulation port (see
page- 5-4 and lﬁgure 6).

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

j. With respect to claims 25-28 and 30-31, the limitations of these claims

have been noted in the rejection above, They are therefore considered rejected as set

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

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

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

control instrument as shown in the figure 1 can be performed such function.

6. Claims 12-13, and 21-22 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Lyons et al., Wysocki et al. or Fant or Beckwith et al.; and Kanaly
as applied to claims 1-9, 14-18, 23-33, and 50-53 above, and further in view of
Thornberg et al. (5,552,983).

Lyons et al, disclose the claimed irtvention as discussed above exeept that the

remote flight controls allows for inputting absolute pitch and roll angles. However,

such feature is well known in the art at the time the invention was made. For example,
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~ Thomberg et al. suggest a variable rcfercnc'ed control system for remotely operated
vehicles which includes means for inputting absolute pitch and roll angles for remotely
" control the unmanned aerial vehicle (see at least figures 5 and 6). It would have been
obvious to one of ordinary skill in the art at thc time the invention was made to
incorporate the teaching of Thornberg et al. into the system of Lyons et al. in order to
input the pitch and roll control signals as the flight control signals for remotely control
the vehicie.
7. All claims are rejected.

Remark.;‘

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

9. In the amendment, applicants essentially argue that the Lyoh reference “fails to
teach more than juét the generation of the 5D image”. However, upon examination of
the claims, the references cited clearly cover the subject matter AS CLAIMED by the

applicants. Therefore, the rejection under 35 U.S.C. § 103 is considered to be proper.
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10.  Applicants also argue that none of Lyons, Wysocki, Fant or Beckwith generate a
pfojected image using polygons. Applicant's attention is directed to figure 10 of the
Lyon reference in which it discloses that the terrain model inctudes a plurality of
polygons and in figure I, 3, 5, and colurﬁn 3, lines 42-49 of the Fant reference do
suggest such feature. |
11.  Applicants further argue that the refefences cited do not disclose the determining
of the delay time for communication. Applicant's attention is directed to column 8, line
54 to column 9 line 35 in which it disclose such feature. Therefore, the new rejection
" made is considered to be proper.
12.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a). |

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

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. Inno event, however, will the statutory period for reply expire

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

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

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

Any response to this action should be mailed to:
Box AF

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

or faxed to:

(703) 305-7687, (for formal communications, please mark
“EXPEDITED PROCEDURE?”; for informal or draft
communications, please label "PROPOSED" or "DRAFT")

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

/tqn
May 01, 1998 Art Unit 3614
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Sir:

Responsive to the Office Action mailed on May 4, 1998, the Applicant

respectfully requests reconsideration of this application in view of the following remark:

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

in view of Kanaly

The Examiner has rejected Claims 1-9, 14-18. 23-38. and 50-53 under 35 U.S.C.
§103 as being obvious over Lyoﬁs in view of Wysoki or Fant or Beckwith, and further in
view of Kanaly.

\

EIRST CLASS CERTIFICATE OF MAILING ’

1 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 Assistant Commissioner for Patents, Washington, D.C. 20231
on July 6 1998
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e Conny Van Dajcn

Name of Person Mailing Correspondence
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As described in more detail below, the Office Action: 1) either clearly

misdescribes Kanaly or clearly asserts an improper rejection regarding Kanaly; and 2)

clearly misdescribes Lyons in stating that Lyons describes an RPV that communicates

“flight data ... including said remotely piloted aircraft’s position” (see Office Action page
3). In addition, Applicant submits that Lyons in view of Wysoki or Fant or Beckwith,
and further in view of Kanaly does not teach the claimed invention ‘
In order to address the numerous references used to support this rejection,
Applicant discusses Kanaly; then Lyons; then the combination of Lyons and Kanaly and
Wysoki or Fant or Beckwith; and finally why Applicant’s claimed invention is not

obvious over the asserted-combination.

+1) The Office Action either Misdescribes Kanaly or Asserts an Improper
Rel'ecfion Regarding Kanaly
The Office Action states that Lyons does not disclose “the determination of a
delay time for communicating said flight data between said remotely piloted aircraft, and
adjusting the sensitivity of said set of one or more one or more flight controls based on
said delay time.” (see Office Action page 5) Then, the Office Action states that Kanaly
“does suggest delay time for communicating between the ground station and the remote
airborne into account of controlling the remote airborne.” 1d. Either, the Office Action
is: 1) incorrectly asserting that Kanaly teaches that‘thc computer monitors the time delay
and adjusts the sensitivity of the controls; or 2) asserting an improper rejection because
“the prior art réfemnce (or references when combined)” do not “teach or suggest all the
claim limitations,” but rather teach away.

a) Assuming the Office Action is Asserting that Kanaly Desctibes
Monitoring the Time Delay for Communication and Adjusting the

Sensitivity of the Controls Based on the Measured Time Delay

Attorney Docket 002055.P004 ' Patent
Serial No. 08/587,731 Art Unit: 3614
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Kanaly basically teaches the inclusion of a buffer in a remotely piloted vehicle to
store high resolution image data to mask the time delay for slewing a camera.' However,
Kanaly does not describe that the pilot station computer determine the time delay for
communication and adjust the sensitivity of the controls accordingly. In particular, the

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

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

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

not from the communications delay.

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

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

To reduce or remove this delay (not measure it or adjust flight controls) due to movement of the
camera, Kanaly teaches having the camera store high resolution data over the whole scene in 2 memory on
board the RPV. The RPV transmits the high resolution imagery corresponding to the center of where the
remote operator is looking and Jow resolution imagery (based on the stored high resolution data)
corresponding to the remole operator’s peripheral vision. As a result, movement of the remote operator's
head merely requires the RPV adjust from where in the memory the high and 15w resolution data is
accessed - the camera need not be moved. “Because the high resolution data is obtained from memory and
not from the camera equipment directly, as in the prior art, the scheme in accordance with the present
invention permits the camera to be effectively decoupled from the data link.” (see col. 2, line 56 - col. 3,
line 24; col, 8, line 54 - col. 9, line 6).
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operator 10 to a look angle correction by the oculometer 33 and changes to
a new location in memory 21 from which new high resolution data is to be
read out and its subsequent transmission and appearance on the display
device 31 as high resolution imagery data may be less than 0.2 seconds
using present day modulation and transmission rates. This minimum time
delay is substantially less than the approximate 0.5 seconds required
normally by the human eye before the operator becomes aware of the high
resolution data that he is viewing. (col. 8, line 54 to col. 9, line 6).

The above quote merely indicates that it takes 0.2 seconds to perform the following:
‘;a look anéle cotrection by the oculometer 33,” “changes to a new location in memory 21
from which new high resolution data is to be read out,” “its subsequent transmission,”

* and “its appearance on the display." Thus, Kanaly is discussing the delay of the overall
system and how it has been improved, not the specific time delay required for
communication from the RPV to the pilot station. In addition, Kanaly just recognizes
that there is delay and that the delay is not perceptible to the human eye (In fact, Kanaly
states that the required “0.2 seconds” is “substantially less” “than the approximate 0.5
seconds required normally by the human eye"}. Since Kanaly’s delay is not perceptible
to the human eye, it is not at all surprising that no where in Kanaly is the idea of haviﬁg
the computer in the pilot station measure the delay and adjust the sensitivity of the

“controls. As such, Kanaly teaches away from the claimed invention by teaching that the

delay is not perceptible to the human eye.

b) Assuming the Qffice Action is Improperly basing the Rejection on the
Fact th indicates that there 't'DeI“i i
System. and that Part of that Delay js Due to Transmission of Data
The second quote from Kanaly reproduced above clearly indicates that Kanaly has
determined that the delay associated with *a look angle correction by the oculometer 33,”
“changes to a new location.in memory 21 from which new high resolution data is to be
read out,” “its subsequent transmission,” and “its appearance on the display” is less than
0.2 seconds. This provides no support for the rejéction.
4-
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According to M.P.E.P. § 2142:

[t]o establish a primary facia case of obviousness, ... the prior art

reference {or references when combined) must teach or suggest all the

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

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

2) The Office Action Misdescribes Lyons

Although Lyons has been extensively described in Applicant’s prior responses

and discussed at length in an interview, the Office Action continues to assert that Lyons

describes the transmission of flight data from the aircraft, where that flight data includes
the aircraft's position. This is clearly not the case.
Lyons teaches the use of dead reckoning.” Dead reckoning is the determination of

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

-

: Tn summary, the Lyons reference teaches various techniques for updating the dead reckoned position of

remotely piloted aircraft on a two dimensional moving map display available to the pilot. In particular, Lyons
contemplates a RPV transmitting information te a control center (Figure 1), The controd center is used by the pilot 1o
fly the RPV. To display the position of the RPV to the pilot, the controf center provides a “moving map display.” As
contemplated by Lyons, “the most convenient display mode for the present application is the rolting map or ‘passing
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scene’ technique where a new line is added to the top of the display and the scene is shifted slowly downwards™ (page
5-3, end of first fult paragraph). In particular, Lyons contempiates using film to generate the moving map (Figure 5).
The moving map is moved based on the dead reckoned positions of the RPV.

As is well known in the art, dead reckoned positions have accumulating error. To adjust for this error, Lyons
describes two basic concepts: 1) map matching (Section 3); and 2) terrain map correlation (Section 4). The map
matching concept requires that the RPY transmit some kind of image data to the control center. In Figure 6, the
control center is shown having the moving map display and the sensor display (i.e., 2 display generated from the image
data transmitted by the RPV). Lyons contemplates the transmission of two kinds of image data: 1) side looking radar
(SLR); and 2) real time forward-looking sensors. When using the SLR system, the SLR generated image dala received
by the control center allows it to make a downward-looking image. The pilot watches the sensor display (i.e., the
display generated based on the iransmitted imege data) for “likely update featurcs”—landmarks, When the pilot sees a
landmark in the sensor display, the pilol presses a transfer button which causes the control center 1o superimpose the
sensor display over the moving tnap (Figure 5). The pilot then adjusts the moving map so that it matches the overlaid
sensor display image and presses an accept button. By adjusting the moving map in this manner, the dead reckoned
position of the RPV is updated in an attempt to remove the error associated with the calculation of dead reckoned

- positions (Page 5-3, seeond, third, and fourth full paragraphs). The simulated SLR/map update system is illustrated in

Figures 7A and 7B.

Having described the SLR-based map matching technique, the real time forward-looking sensor technique
will now be described. Lyons describes basically two technigues of updating dead reckoned RPV positions on a
moving map using only real time forward-looking sensors: 1) an anamorphic projection technique (page 5-3, lifth full

* paragraph; figure 8); and 2) a HUD based technique (page 5-3, sixth full paragraph; figure 9). Similar to the SLR

based echnique, the anamorphic projection technique requires the pilot to watch the sensor display (i.e., the image
generaled from the transmitted data) for landmarks, press a button which superimposes the transmitted image on the
moving map, adjust the moving map, and press an accept button. As described in Lyons, in order to superimpose the
forward-looking transmitted image on the moving map, the forward-looking image is transformed using anamorphic
projection. Lyons goes on to describe various problems with the anamorphic projection technique, and then describes
the HUD based technique.

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

In summary, the map matching techniques use the following: 1) the transmission of image data from the
RPV to the control center; 2) a display at the control center which shows an image based on the real time image data
received from the RPV; 3) a moving map display that is moved baged on the dead reckoned position of the RPV; and
4) some manner of superimposing Lhe sensor image onto the moving map to allow the pilot 1o update the moving map
in an effort to correct the error associated with the dead reckened positions. The sensor display’s image is based on
image dala transmitted from the RPY, while the moving map contemplated by Lyons is a two-dimensional, top down
view displayed using film (see Figures § and 7).

Having described the map matching techniques from Lyons, Applicant will now describe the terrain map
correlation technique of Lyons. The terrain map correlation technique described in Lyons is also used for correcting

“the error in dead reckoned positions shown to the pitot by a two-dimensional moving map. In particular, Lyons states

at page 5-3, last parpgraph:

Reconnaissance or forward-looking sensors provide a convenient method of updating the
navigation system. However, these sensors required large datalink bandwidth 1o 1ransmit the video
piciure to the control center and hence are vulnerable to ECM. .. Hence, an alternative method of
updating the navigation system is desirable. {emphasis added)
The phease “updating the navigation system” is used throughout Lyons to refer to the adjustment of a two-dimensional
moving map in an effort to corcect for error due to dead reckoning,

Rather than requiring the user to actively update the moving map dispfay {i.e., push a button which causes
the images to be superimposed, sdjusting the moving map, and pushing an sccept bution), the terrain map correlation
technique attempts to adjust the moving map (i.e., correct for the dead reckoned error) without pilot intervention using
a laser range measurements and a digital elevation database. In operation, the RPV transmits to the control center a set
of laser range measurements (including an altimeter reading). The control center uses dead reckoned.positions to both
edjust the two-dimensional moving map and to estimate the location of the RPV over a digital database map of
elevation points stored in the conirol center (Figure 10). Based on a calculation of the possible error associated with
the dead reckoned positions, a search area is identified in the digital database (Figure 12). A search is then performed
within this search area to identify the position that most closely matches the transmitted laser range data. The RPV'’s
position is then updated to the location that best matches the transmitted laser ranges in an attempt to correct the error
associated with the dead reckoned positions. The moving map is then automatically adjusted (without pilot
intervention) to reflect the updated RPV position.
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speed, direction, etc), that has accumulating error, and that must be corrected before
generating any image. As such, the Lyons paper discusses techniques for correcting or
updating the dead reckoned positions. In particular, Lyons states “The objective is to
make use of equipment normally carried for RPV operation to supplement a simple dead
reckoning navigation system.” (abstract). | |

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

In fact, Lyons states the following:

This paper discusses methods by which the navigation function for a
Remotely Piloted Vehicles (RPVs) can be achieved without the need for
complex specialized navigation equipment. The objective is to make use
of equipment normally carried for RPV operation to supplement a simple
dead reckoning navigation system. In this way significant improvements
in navigation capability can be achieved with little or no added complexity
in the vehicle itself. The additional processing is carried out at the control
centre where restrictions on equipment size and cost are not so prohibitive.
{Abstract) '

Thus, the digital database of Lyons (conceptually illustrated in Figure 10)is used 1o update the two-
dimensional moving map in an effort to correct for the error in the dead reckoned positions.

* {n addition, the office aciion cites pages 5-4, third paragraph, and Figure 8 as disclosing a single sys'tcm that accesses
a database based on the remotely piloted aircruft’s ransmitted position and orientation'dnd fransforms the terrain data
into a projected image. - However, Figure 8 is for a first system in which the RPV uses a “forward looking sensor” 10

- transmit a video image and the pilot station uses anamorphic projection to overlay that image on a 2D moving map,

which is not generated by transforming a database of polygons (see page 5-3, paragraph 6), whiie pages 5-4, third
paragraph describe a second system in which the RPY transmits laser measurements in lieu of a video stream - Lyons
describes the advantages of using one over the other.

-
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Again, none of the data transmitted by the RPV (whether it be flight data for dead
reckoning, the dead reckoned position, nor the laser measurements) is the position of the
aircraft; everything transmitted by Lyon’s RPV is data vsed by the pilot station to
determine a corrected dead reckoned position of the aircraft through complicated
processing, which corrected dead reckoned position is used for display.

Now that Applicant has put forth a more correct reading of Lyons, Applicant will

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

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

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

The Office Action asserts that the combination of Lyons and Wysoki or Fant or

Beckwith would result in a system that pfoduces “a three dimensional image data from

the digital database and the naifigation information.” First, the claims.are not that the
image is generated from the digital database and some vague notion of “navigation
information,” but require that the transmitted position and orientation be used to
mmmmmﬂm (as staicd above, Lyons describes a very different
systemn in which the transmitted data is not used for image generation, but that the
transmitted data goes through complicated processing to generate a corrected dead
reckoned position and that it is the corrected dead reckoned position that is used for
image generation). Thus, the Office Action’s language is improperly disregarding

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

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

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

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

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

Lyons in view of Wysoki or Fant or

Beckwith, and further in view of Kanaly

Applicant’s Invention

Aircraft transmits dead reckoning

information

Aircraft determines its own position and

orientation, and then transmits its own

position and orientation’

Aircraft transmits laser measurements for

automatic dead reckoned position npdate

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

locate a corrected position of the RPV.
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As modified by Wysoki, Fant or Bcckwith,' The pilot station transforms the digital

the pilot station would then also transform | database relative to the position and

the digital database relative to the corrected | orientation transmitted from the aircraft to
dead reckoned position to generate a three | generate a three dimensional image.

dimensional image.

Knowing the time delay and that it is The pilot station computer measuring the
imperceptible to the human eye time delay to communicate with the aircraft

(see claims | & 14)

The pilot station computer adjusting the

sensitivity of the controls based on the

measured time delay (see claims 1 & 14)

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

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

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

position. The above table is a fair read of the combination of Lyons and Wysoki or Fant
or Beckwith because none of Wysoki or Fant or Beckwith describe a manner of piloting
of a remotely piloted aircraft; in contrast Wysoki and Fant and Beckwith describe how to
generate three dimensional images from various databases (none of which store the

terrain as a set of polygons).

4) The Claimed Invention is Not Obvious in view of the combination of Lyons
and Wysoki or Fant or Beckwith, and further in view of Kanaly

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

Fant or Beckwith does not describe Applicant’s claimed invention. In particular, the
combination of f..yons, Kanaly, and Wysoki or Fant or Beckwith results in a system that

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

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

Apart froxﬁ the errors involved in the actual laser measurements the

accuracy of terrain representation has a considerable influence on the
feasibility of the method. In addition, the technique is ineffective over the

sea or over flat, featureless terrain. (section 4). (emphasis added).

‘ Lyons states the following:

This paper discusses methods by whlch the nav:gatmn functuon fora Rcmolely Plloted Vehicles

{RPVs) can be achieved ‘ ; [ d naviga
ohiective is to make use of ) to suml&msuu.ﬂmnk

tio In this way-significant improvements in navigation capability

Mmmumm
can be achicved with little or no added complexisy i, thg vehicle itself. The additionsl processing

is carried out at the control centre where restrictions &n equipment size and cost are not so
prohibitive. ... Use can also be made of an on-board laser to provide range-to-terrain

measurements which, when correlated with a computer stored map, enables the RPV position 1o be
continuously updated. (Abstract)

$ Lyons describes basically two systems: 1) a higher bandwidth system that uses dead reckoning and
transmits images from the RPV to the pilot station for updating the dead reckoned positions; and 2) & lower bandwiclth
system that also uses dead reckoning, but uses laser measurements for updating the dead reckoned positions, Unlike
the former, Applicant’s claimed system does not require the transmission of images to fly the aircraft and 10 correct
dead reckoned paositions, but has the remotely piloted aircraft determine and transmit its position and generates three-
dimensional images from the database in the pilot station from that fransmitted position. As descnbed in the texi,
unlike the later, Applicant’s claimed system does not use terrain-referenced navigation.
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Where the data link is limited in bandwidth the laser/terrain correlation
technique should give good accuracy and the process could be completely
automated to provide a continuous indication of RPV position,
Disadvantages of the system are the large amount of data storage and
computation necessary at the control centre, the development work
required to produce an operational system and the unsuitability of the
system over featureless terrain. (section 5). (emphasis added)

Applicant’s claimed invention does not use Lyons dead reckoned positions that
must be corrected in the pilot station hsing terrain-referenced navigation, but rather
Applicant’s claimed invention requires the remotely piloted aircraft determines and
transmits its own position to the pilot station and that it is this transmitted position and
orientation that is used to generate the three dimensional images (not an untransmitted
corrected dead reckoned position). Again, the asserted combination results in a system in
which the digital database in the pilot station is accessed based on the error associated
with the dead reckoned position, and then the digital database is accessed using the
correct dead reckoned position to generate the three dimensional image (in other words,
the asserted combination does not generate the three-dimensional image using the
position and orientation transmitted from the RPV; in contrast the asserted combination
uses a corrected dead reckoned position that was not transmitted by the RPV). Thus, none
of the data transmitted by the RPV (whether it be flight data for dead reckoning, the dead
reckoned position, image data, or the laser measurements) is the posit{on of the aircraft;
rather, everything transmitted by Lyon’s RPV is data used by the pilot station to
determine a gorrected dead reckoned position of the aircraft through complicated
processing, which corrected dead reckoned position is used for display. Thus, Lyons
teaches away from Applicant’s claimed invention in that Lyon's “objective” is to put the
onus of determining the position of the RPV on the pilot station to “supplement a simple

dead reckoning navigation system,” whereas Applicant’s claimed invention puts the onus
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of determining position on the remotely piloted vehicle and uses the transmitted position
to generate the three dimensional image.
In barticular, Applicant’s claim 32 requires “determining the current position of

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

position .. from said remotely piloted aircraft to a pilot station; transforming said terrain
data into image data representing' a simulated three dimensional view according to the

current position; displaying said simulated three dimensional view using said image

data.” Thus, Applicant’s claim 32 requires that the three-dimensional image be produced
from the TRANSMITTED position, not one that is corrected or updated using some laser
measurement dead reckoning scheme. Since Applicant’s claimed invention requires the
remotely piloted aircraft to determine and transmit its own position to the pilot station
and that it is this transmitted position and orientation that is used to generate the three
dimensional images, Applicant’s system provides an advantage over Lyons in that
Applicant’s system does not have difficulty over featureless terrain.

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

| fequires that the computer in the pilot station determine the delay and‘adjust the
sensitivity of the controls. If there was a static time delay in transmission and/or the
delay was imperceptible, the sensitivity of the flight controls of Applicant’s system could

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

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

polygons.

~

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

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

Fant describes the use of two databases: 1) the object library database which contains real-world images; and
2) the gaming area database which provides the information necessary for the placement of the contents of the object
Hbrary, surfaces, and special effect on a grid or gaming area (see col, 6, line 38 - col. 7, line 10). In particular, the Fant
parent is for a high performance computer graphics system that combines Computer Generated Imagery (CGI} with
Computer Synthesized Imagers (CSI) to form Computer Generated Synthesized Imagery (CGSI) (see col, 2, line 53 -
col. 3, tine 12). . -

Wysoki describes a database of digital onthophotographs (see col. 4, Tines 43-51). Digital orthophotographs
are computerized images generated by making geometric corrections to scanned aerial photographs. In particular, an
aerial phatograph contains some degree of distortion. In contrast, maps maintain a constant scale, but Jack the detail of
an aeriat photograph. Orthophotography combines the features of maps and aerial photographs. The aerial

-photographs are unwrapped (o remave the distortion) and fitted to a particular map projection 1o create an image map

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

withdrawn.

35 U.S.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and further
in view of Thornberg
The Examiner has rejected Claims 12-13 and 21-22 under 35 U.S.C. §103 as
being obvious over Lyons in view-bf Wysoki or Fant or Beckwith, and further in view of
Thornberg.
. Claims ]2-13 and 21-22 are each dependent on one of the allowable base claims !

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

. 22 are allowable.

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

amendments and remarks, and that the Claims are now in condition for allowance.

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

as amended be allowed.

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

amended drawings at the time of allowance of the present application.
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Invitation for a telephone interview

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

remains any issue with allowance of this case.

Charge our Deposit Account

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

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

—em G

Danie! M. De Vs
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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SIR: Transmitted herewith is an Amendment After Final Action for the above application. :o e iy

verified statement previously submitted.

H‘

No additional fee is required.
A Notice of Appeal is enclosed.

The fea has been calculated as shown below:

Smalt entity status of this application under 37 C.F.R. §§ 1.9 and 1,27 has been established.by é‘.

D
A verified statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.

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 Fee Rate Fee
otal |+ 38 {Minus [~ 49 0 x11{§ 0 x22 | $
Indep. |, ave
Claims | - 3 | Minus 5 0 x41|$ 0 x821%
First Presentation o’f Multiple 4135 0 +270| 8
* Ifthe entry in Col. 1 is less than the entry In Col. 2, Total Total
write 0" in Col. 3. Add.Fee|® O | Add. Fee(®

If the “Highest No. Previously Paid For® IN THIS
SPACE is less than 20, write "20" in this space,

e

if the “Highest Nc. Previously Paid For" IN THIS SPACE is less than 3, wrile "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

originaily filed.

| hereby certify that this correspondence s being deposited with the United States Postal Service as first class mail
with sufficient postage in an envelope addrassed to the Assistant Commissioner for Patents, Washington

D.C. 20231

on

Date of Deposit

. Name of Person Mailing Correspondence

e Uouddad an

1-4g

Signature Date

(LIV/cak 10/25/96).




il

Date:

A check In the amount of $ is attached for presentation of additional claim(s).
Applicant(s} hereby Petition(s) for an Extension of Time of month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for $ is attached for processing fees under 37 C.F.R. § 1.17.
Please charge my Deposit Account No. 02-2666 the amount of § .
A duplicate copy of this sheet is enciosed.
The Commissioner of Patents and Trademarks Is hereby authorized 1o charge payment of the
following fees associated with this communication or cradil any overpayment to Deposit Account
No. 02-2666 (a duplicate copy of this sheet |s enclosed):

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 LLP

7/6 . 1908

/

Daniel M. De Vos

12400 Wilshire Boulevard : .

Seventh Floor Reg. No. _37.813
Los Angeles, California 90025
(408) 720-8598

-2. {LJV/cak 10/25/96)
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l’ﬂ \ A UNIT ED STATES DI:PARTMENT OF COMMERCE

/ . Patent and Trademark Office
‘hm o

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

| appuCATIONNO. | FILING DATE Nl FIRGT NAMED INVENTOR : T ATTORNEY DOCKETNO. |
' 08/587.731  01/19/9€  MARGOLIN o 002055, PO04
I l- | . e - -1 L . - EXAMINER |
A Pm21/n724 : ,
BLAKELY SOKDLOFF TAYLUH AND ZAFMAN © 0 'NGUYEN. T
12400 WILSHIRE BOULEVARD [ - anTunm | paPer NumBer |
7TH FLOOR ' B
LOS ANGELES CA 90025 : L 3614 12

. DATE MAILED: ' i
: Q7724738

Please find bslow and/or attackied an- Offlee communlcation: concomlng thls applicationor. - -
proceeding.

Commisaloner of Patents and Trademarks

o

FTO;#0C thev. 2rv8) rU.8.COVERNMENT PRINTING OPPICE 1006411S1/0078 - .o - 1~ File Gopy




Application No. Applicant{s}
. 08/8687,731 MARGOLIN
. AdeSOfy Action | Examinar Group Art Unit
N TAN Q. NGUYEN - 3814

THE PERIOD FOR RESPONSE: {check only 8} or b)]
a) (X3 oxpires _ THREE months from the mailing date of the final rejsction.

b) ] expires sither thras manths from the mailing date of tha final rejection, or on the malling dats of this Advisory Action, whichever
ia lator. In no svent, howavar, will the statutory perlod for the responss expirs later than six months from the date of the final
rejaction. .

Any extension of time must be obtained by filing a pstition under 37 CFR 1.136{a), the proposed response and tha appropriate fes. The
date an which the response, the petition, and the fse have boen filed is tha dete of the response and elso the dats for the purposes of
datermining the pariod of extension and the corresponding amount of the fee. Any extansion fas pursuant to 37 CFR"1.17 will be
calculated from the date of the originally set shortened statutory period for response or as sat forth in b) above.

[J Appellant's Brief is due two months from the date of the Notice of Appesl tiled on {or within any
period for response set forth above, whichaver Is later). See 37 CFR 1.191(d} and 37 CFR 1.192(a).
Applicant's response to the final rejection, filed on 7/9/98 has been considered with the following effect,

but Is NOT desmad to place the application in condition for allowance:

O The proposed amendment(s):
{Z] will ba entered upon filing of a Notice of Appaal and an Appeal Brief.
(3 will not be entered because: '
{J they raise new issues that would require further consideration and/or search. (See note below}.
[ they raise the issue of new matter. {See note below).

O they are not deemad to piace the application in better form for appeal by materially reducing or simplifying the
issues for appeal,

(3 they present additional claims without cencalling a corresponding number of finally rejected claims.
NOTE:

-

{1 Applicant's response has overcome the following rejection(s): '

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

X The affidavit, exhibit or request for reconsideration has been considered but does NOT place the application in condition
for allowance because:
i 5, ;;‘p. f YYs .'.j_l men .': g B ¢ : g A o

-18, 21-23, gnd 50 . However, the referencas cited do read on ¢laims 24-38, ang 51-52 .

[ The affidavit or exhibit wilt NOT be considered because it is not directed SOLELY 1o issues which were newly raised by
the Examiner in the final rejection.

X! For purposes of Appeal, the status of the claims is as follows (see attached written explanation, if anyi:
Claims allowed: I-9, 12-18, 21-23, and 50
Claims objected to: NONE
Claims rejected: 24-38, 51, end 52

[0 The proposed drawing correction flled on {Thas [Chas not been approved by the Examiner,
[ Note the attached Intormation Disclosure Statenientls}. PT0-1448, Paper Nois). -

O Other : U@,ﬁ

TAN Q. NGUYE
PRIMARY EXAMI
ART UNIT 361 Al

U, 3. Patart and Teademamk .

Otfic
PT0O-303 {Rev. B-95) Advisory Actlon Part of Paper No, 13

¢ 3 SR TWTE R L " - - - o ———
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IN THE UNITED STATES PATENT AND TRADEMARK OFFIC
In re Application of: :
: Jed Margolin / y i C
' Examiner: T. Nguyen

Serial No. 08/587,731
Art Unit: 3614
Filed: January 19, 1996

; E For: A Method and Apparatus for M_/

Remotely Piloting an Aircraft

/g?/ RESPONSE UNDER 37 CER. § 1.116
X%\ \ | - EXPEDITED PROCEDURE -
8/ Assistant Commissioner for Patents EXAMINING GROUP 3614
{rg' | Washington, D.C. 20231 '

R NSE UNDER 37 CF.R.§1.116 -
XPEDITED PROCEDURE -- EXAMINING GROUP 3614

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

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

following remark:

AMENDMENT = N

. ' & T

In the Claims: Mj - a3

: L Vy L

{ Please cancel Claims 24-38, 51 and 52 without prejudice. T &

1 P’H ' S N

= &
REMARK <

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

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

IRST 1LING

. -~
| 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 A %stnnt Commissioner for Patents, Washington, D.C. 20231 on
Avaust A

(Data of Deposit)

Conny Nan Dalén

Name of Person Mailing Correspondence

ngfﬂﬂf VaxQalea— gT-4-4%

Signature Date

Pttty A S et VLY, Sl BB TR T WU 0 BT LA T B b e e b bkt e ]




with the rejection, Applicant has canceled claims 24-38, 51 and 52 to place the application
in condition for allowance. Applicant currently plans on filing a continuation to further

pursue the rejected claims.

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

any issue with allowance of this case.

Charge our Deposit Account

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

Respectfully submitted,

BLAKELY, SOI&(’)‘L’.(_)FF. TAYLOR & ZAFMAN LLP

Date: f ,/: / , 1998

Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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“Corres, and Mali

BOX AF

":.:' g
At%cket No.:

Patent
In re the Application of: _Jed Margolin AMENDMENT UNDER
. {(inventor(s})) 37C.FR.§1.116
Application No.: _08/587, 731 EXPEDITED PROCEDURE
Filed: _January 15, 1996 EXAMINING GROUP 38614

For:

(title)

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231
Box AF

SIR: Transmitted herewith is an Amendment After Final Action for the above application.

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 small entity status under 37 C.F.R. §§19and 1 .27 is enclosed.

No additional fee is required.
A Notice of Appeal Is enclosed.

The fee has been calculated as shown below:

. S—

' 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 Fee Rate Fee
;f;f::\s © 21 |Minus [ 49 0 x11(8§ 0 x22 | $
indep. 1. 2 | Minus [ 5 0 x41|$ 0 x82 | $
| First Presentation of Multiple 135! 0 42701
Dependent Claim(s) L
¥ If tha enlry in Col. 1 is less than the entry In Col. 2, Total Total
write "0" in Col. 3. add.Fee|® O | Add. Fes]®

** If the "Highest No. Previously Paid For® IN THIS
SPACE is less than 20, write "20" in this space.

=4

*** |f the "Highest No. Praviously Paid For* IN THIS SPACE is less than 3, write "3" in this WD s
space. The “Highest No. Previously Paid For® (Total or Independent) is the highest number o w2
found from the equivalent box in Col. 1 of a prior amendment or the number of claims = 5
originally filed. . S :._.1-. .

- SN

L EAY

"‘.r
_;J

| hereby certify that this correspondence is being deposited with the Uni!ed States Postal Service as first clasq;mall o ..1

with sutficient postage in an envelope addressed to the Assistant Commissioner lor Patents, Washington, Tk Sy

D.C. 20231 ro L5

on August 4, 1998 . el
Date of Deposit . - S

Conny Van Dalen

Name of Person Maiting Correspondence

Cgnnr Downla o

¥ Signature

g§-4-48

Date

{LJIVicak 10/25/96)




A chack in the amount of §

37 C.F.R. § 1.136(a).
A check for §

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

is attached for presentation of additional claim(s).

Applicant(s) hereby Petltion(s) for an Extension of Time of month(s) pursuant to

is attached for processing fees under 37 C.F.R. § 1.17.

A duplicate copy of this sheet is enclosed.
X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees associated with this communication or credit any overpayment to Deposit Account
No. 02-2666 (a duplicate copy of this sheet Is enclosed):
X Any additional filing fees required under 37 C.F.R. § 1.16 for presentatuon of

extra claims.

X Any axtension or petition fees under 37 C.F.R. § 1.17.

Date: g / ‘/ , 1898

12400 Wilshire Boule/ard
Seventh Floor

Los Angeles, California 90025

{408) 720-8598

BLAKELY SOKOLOFF JAYLOR

Daniel M.
Reg. No. __37.813

.2. (LIV/cak 10/25/96)




ACCESS ACKNOWLEDGMENT
and
SECRECY ORDER RECOMMENDATION BY DEFENSE AGENCY

Application Serial No.: 08/587,731 " Defense Agency: Navy
Filing Date: 01/19/96 - Date Referred:  03/18/96

"I hereby acknowledge as indicated by my signature on this form that I have inspected this application in
administration of 35 USC 181 on behalf of the Agency/Command specified below. I promise not to divulge any
information from this application for any purpose other than administration of 35 USC 181.

Recommendation
(e.g., ‘Secrecy Not Recommended (SNR)") Reviewer(s) Signature/Date/Command

73 fra Qhtpr: Shits WY

Instructions to Reviewers: -
1. All individuals reviewing this application are required under 35 USC 181 to sign and date this form
regardless of whether they are making a sccrecy order m:ommendat:on

2. The attached copy of the application, any copies made thd!aﬂnm and this form must be returned to the
PTO once a recommendation not to impose secrecy has bwén made or a secrecy order has been rescinded.

Time for Completion of Review: _
Pursuant to 35 U.S.C. 184, the subject matter of this appltqt:dn may be filed in a foreign cowntry for

the purpose of filing a patent application without a hcmﬁnw time after the expiration of 6 months from
filing date unless the application becomes the subject.of d #e¢recy order,

AR

K0t
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ACCESS ACKNOdWLEDGMENT
an
SECRECY ORDER RECOMMENDATION BY DEFENSE AGENCY

Application Serial No.: 08/58‘7,731 : Defense Agency: AirForce
Filing Date: 01/19/96 Date Referred:  03/18/96

1 hereby acknowledge as indicated by my signature on this form that I have inspected this application in
administration of 35 USC 181 on behalf of the Agency/Command specified below. I promise not to divulge any
information from this application for any purpose other than administration of 35 USC 181.

Recommendation
{e.g., “Secrecy Not Recommended (SNR)") Reviewer(s) Signature/Date/Command

Ve })ﬁmmf%wf

Instructions to Reviewers:
1. Allindividuals reviewing this application are roquired under 35 USC 181 to sign and date this form
regardiess of whether they are making a secrecy order recommendation.

2. The attached copy of the application, any copies made therefrom and this form must be returned to the
PTO once a recommendation not to impose socrecy‘ha:s been made or a secrecy order has been rescinded,

Time for Completion of Review:
Pursuant to 35 U.S.C. 184, the subject matter of this application may be filed in a foreign country for

the purpose of filing a patent application without a license any time after the expiration of 6 months from
filing date unless the application becomes the subject of a secrecy order.

ST 450 9oe
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T A UNITED STATES DEPARTMENT OF COMMERCE . '

/ ‘Patent and Trademark Office
.hm ot

" Address: COMMISSIONER OF PATENTS AND TRADEMARKS
: Wulhlngton. D.C. 20201 .

] APPLICATlONNO 1 FIL!NG DATE |.- . FIRGTNAMED NVENTOR . ] ATTORNEY.DOCKETNO. | - !
' 0gsse7.731  01/19/96  MARGOLIN. - ‘ ,' 3 002055.PU04
~ . . T —[ 1 _ EXAMINER |
PM21/0824 -

BLAKELY SOKOLOFF- TAYLOR AND ZAFMAN NGUYEN. T

12400 WILSHIRE BOULEVARD (™ amront | Paren oween |

7TH FLOOR :

LOS ANGELES CA 90025 . ’ . 3614 / ﬁ

DATE MAILED: 02/24/98

" Please find bolow andlor attached an Offlce communlcatlon concernlng thls application or
proceeding.

Commissioner of Patents and Trademarks

PTO-00C (Rev. 2/05 : .
g {Rov. 2/95).  YU.5.GOVERNMENT PRINTING OFFICE 1000.411-510/43275 1 File Copy




Notice of All . bilf Poasrzn [T wancou
T e T NN

All claims being allowable, PROSECUTION ON THE MERITS IS {OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

K] This cernmunication is responsive to _ 08/07/28 and 08/20/98
The allowed claim{s) iefare _1.9, 10-17, 21-23 _and 50 (now renumbe s 1-20)

(] The drawings filed on are acceptabie.

{3 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-{d). )
] Al JSome* [Jlone of the CERTIFIED copies of the priority documents have been
] received.
(O received in Application No, (Series Code/Serial Number)
[ received in this national stage application from the International Bureau {PCT Rule 17. 2{3))
*Centified copies not received:
O Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHEROM THE "DATE MAILED" of this Office action. Fallure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a)

0 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO—152. which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

% Applicant MUST submit NEW FORMAL DRAWINGS
[] because the originally filed drawings were declared by applicant to be informal,

X} including changes required by the Notice of Draftsperson's Patent Drawmg Review, PTO-948, attached hereto or
to PaperNo. __ 3

[ including changes requlrad by the proposed drawing correction filed on , which has been
approved by the examiner,

[ including changes required by the attached Examiner's Amendment/Comment,

.identifying indicia such as the application number (see 37 CFR 1. 84(c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftasperson.

[ Note the attached Examiner's coﬁ'\rnent regarding REQUiREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should Inciude in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be Included.

Aftachment{s)
[ Netice of References Cited, PTO-892

O Information Disciosure Statement(s), PTO-1449, Paper No(s).

[] Notice of Draftsperson’s Patent Drawing Review, PTO-948 »
] Notice of Informal Patent Application, PT0O-152

interview Summary, PTO-413

[ Examiner's Amendment/Comment

{J Examiner's Comment Regarding Requirement for Deposit of Biological Material

[ Examiner's Statement of Reasons for Allowance

U. S. Patent and Trademark Office

PTQ-37 (Rev. 9-95) Notice of Allowabliity Part of Paper No __ 16




Appliication No. Applicant(s)

08/587,731 MARGOLIN
Interview Summ ary "Examiner Group A Unit
TAN Q. NGUYEN 3814

All participants {applicant, applicant's representative, PTO personnel):

(1) TAN Q_NGUYEN . (3)
(2) DANIEL M DE YOS {4)
Date of Interview 82096

Type: {XTelephonic’ [BHersonal (copy is given to dpplicant agiplicant's representative).

Exhibit shown or demonstration conducted: Yks M8. If yes, brief description:

Agreement [Kjvas reached. [Was not reached,

Claim(s) discussed: 53

Identification of prior art discussed:
NONE

Description of the general nature of what was agreed to if an agreement was reached, or any other comments

CLA} REQUEST] IT DEP ICH WAS CANCELED, TH
AGREEMENT WAS REACHED. —

{A tuller description, if nacessary, and a copy of the amendments, If available, which the examiner agraed would render
the claims allowable must be attached. Also, where no copy of the amendents which would render the claims aliowable
Is available, a summary thereof must be attached.) ..

1. Al !tis not necessary for applicant to provide @ separate record of the substance of the interview.

Unless the paragraph above has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE
LAST OFFICE ACTION 1S NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. {See MPEP
Section 713.04). If a response to the |ast Office action has already been filed, APPLICANT IS GIVEN ONE MONTH
FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW.

2. X Since the Examiner's Interview summary above (Including any attachmenis) reflects a complete response to
each of the objections, rejections and requirements that may be present in the last Office action, and since the
claims are now altowable, this completed form is considered to fulfill the response requirements of the last
Office action. Applicant Is not relieved from providing a separate record of the interview unless box 1 above
is also checked.

Examiner Note: You must sign and stamp this form unleas it s an aitachment to a signed Office action.

U. §. Patant and Tradamesk Office

PTO-413 (Rev. 10-95) Interview Summaty Paper No.

15
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S S ety B »."] "UNITED: swmss DEPARTMENT OF COMMERCE
- Tl ¢ . Patent and Trademark Of_nco T
e "~":'.ll"":','-'?'.f":: AR T oy ~-"--:'NOT|OE-"OF'A"I.:EOWANCE AND:ISSUE FEE DUE; .-
' - FM; ?‘1 703 2t |
} E?IJ*\KL! Y ""IZIF’DI OFF TAVI-DR BN ZAF MAN "
- 17400° WILSHIRE BGUIEVﬁRﬁ L -
. 7?TH FI LOR ) .
(AL ANBFLES tﬂ 9UD” B
= APPUIGATIONNO. ; ERE -.FI.NGUATE'-.--.'._.l‘.'i.ETALCﬂNMBs "} -+ v EXAMINER AND GROUP-ART.UNIT.. ' ... |. . . DATEMAILED -
- - GR/oR7. 901~ (11 /71 QI“'-']F..‘ 20  RIENIWYEN T ) qﬂ_"ﬂ— (LS8 7 fign
T First Named o A R AT
L MGG s ren
TIMLE OF ’ ’ .
INVENTIOI

METHOD AND APPARATUS FOR BEMOTELY FILOTING AN ALRCRAET |

_'ATTYSDOCKETNO.. | CLASS-SUBCLASS |  BATCHNO:." [ APPLN:TYPE . | GMALLENTITY | ' FEEOUE | DATE DUE
S {1\ M eI o LT A S A | Bk S (D 1 1112 I 11&, LT T Ty NME e;u:@l [0 [ Lo Jopn

“THE 'APPEICAHDN '!DENHFIEDABOVE‘HAS-BEEN EXAMINED'AND IS ALLOWED FOD :!SSUANCE AS A.PATENT.

- THE'ISSUE FEE MUST BE PAID WITHIN IHBEE_MQNIHS_FROM THE MAILING DATE OF THIS.NOTICE OR THIS

APPUDAHON SHALL. BE REGARDED AS ABANDONED
. - HOW.TO'RESPOND TO THIS NOTICE:

I 'Review the SMALL: ENTITY status shown above. I T
If the SMALL ENTITY is shown a&YES varily your © 7| - the SMALL ENTITY is shown.as NO:. .
current SMALL ENTITY status: . N , : o

g A. Ifthe status Is changed pay twice theamountofthe e . . SRR

FEE DUE shown above and notify the Patent and A_-_. Pay FEE DUE shown above, or ..
* Trademark Office of the-change in status; or - Cot : : ST

B. It the status Is the.same, pay the FEE:DUE shown '
above - _ Py, 1 B ﬁlq verified statement of Small Entity Status before, or with,

yum: of 1/2 the FEE DUE shown above.

Il. Part B:lssue Fae Transmittal should be oompleted and tptum:d% 1he Patent and/adernark Office (PTO) with your
* - ISSUEFEE. Even If thé ISSUE FEE has already beieri paid by eharge to'deposit @ccount, Part B Issue Fee Transmittal
~ should be completad and retumed. If you are charging the IS8 FEE to your deposit dccount, section “4b” of Part
-Bslssue Fee Transmitial should be completed and an extra oomtmu'ne form-should be submittad.

Ill.- Al communications regarding thisappfication must give applicaﬁon number and batch ‘number. .
- Please dlrect all communications prior to Issuanoe to Box ISSUE FEE unless: advlsed 1o the contrary.

e IMPORTANT REMJNDER Utmty '‘patents: luulng on-applications- ﬂled on.or-after Doc -12,:1980 may mqu!ro payment of

I -malntenance fees. It Io patontn s nsponalbllity to ensure- tlmely payment of maintenance ..

fees when' due,

. . C PATINTANDWARKOMCIOO"
' *PTOL«!G(BE\T"M'-GQ] WWMMW (00!1-&)33) L
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; _“* PART B—ISSUE FEE mnuéﬁﬁv@ " Q((g_ éos-
mmmmmmmwmmmm 3,10 BoxISBUEFEE . .. L
Assistant Commissloner for Pmm " 56

Wnlhlngton. D.C, m:n

. mmmtmcm Thhlonnlhouldbl ulcdforummnﬂlNBSUE FEE Blocks 1
through & should be conpieted whers.appropriate, Allfurihercomespondence including the issue Fée
- " Recelpt, the Patent, advance orders and-notification of maintenance fees will b mailed to the current -
. mmmmmwamuummammmwmm»mmm1 by (a)
specifying a new_correspondence addrua and/or (b) lndiunng a aeparm “FEE ADDHESS" for

‘Noke: munﬂbaoolmﬂngmﬂmmhmhrdmuc
mailinge of the lssus Fae Trnsmittal, This certificate cannot be usecd
for any othar accompanying papers. Each additional paper, such as an
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Examiner: T. Nguyen
Jed Margotin ‘

' ‘ Art Unit: 3614
Application No. 08/587,731 :

Filed: January 19, 1996 p,..,‘,’,"’"»s ven
,'\

0 !"'o"';)n
g

Issue Batch No.: 116

For: A Method and Apparatus for

Remotely PilO[il'lg an Aircraft Notice of Allowance: 8/24/988 P 0

SUBMISSION OF FORMAL DRAWINGS

Official Draftsman
Washington, DC 20231

Dear Sir:

Applicant respectfully requests that the objection to the shading in Figure 7 be withdrawn
because: 1) the shading aids in understanding the invention; and 2) the inventor has no other
way of generating the figures. According to 37 C.F.R. 1.84(m) “the use of shading in views is
encouraged if it aids in the understanding of the invention... Flat parts may also be lightly
shaded. Such shading is preferred in the case of parts shown in perspective...” Figure 7
illustrates the projections that can be produced from the database in accordance with the
invention. The shading is used for depth cueing, and therefore aids in the understanding of the
invention by augmc'nti-ng the perspective views provided.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: {/ % __ 1998
Daniel M. De Vos i
Registration No, 37,813
12400 Wilshire Blvd. _ -
Seventh Floor '
Los Angeles, CA 90025-1026 i i ot Pori s rarmpit e ot
. (408) 720-8598 © suMclent postage In an enveiope addressed to the
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UNITED S'I'ATb__..JDEPARTMENT OF COMMERCE
: X j' |~ . Patent.and Trademark Office
. ﬁhnd

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

( APPI.ICAﬂONNO "FILING DATE j”? FIFIBT NAMED INVENTOR
/It . /dl uils1 (=] ’LIN
r o PMS2/1201 - T EXAMINER
BLARELY SOKOLOFF TAYLOR AND ZAFMAN - - g
12400 WILSHIRE RO ILEVARD . . .
- 7TH FLOOR - : I amTunr. . | PaPER NuMBER |

LOS ANGELES CA 90029 ’ ‘ - ) 1-:.;4

2} o/ 95
DATEMALED: Yoisos

- -Plsase find below and/or. attnched an Ofnoo eommunlcatlowconcomlng thts appllcatlon or-
_ proceeding. '

: Oommlooiondr of Patents and Trademarks
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Application No., Applicant{s}

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith {or previously malled}, a Notice of Allowence and Issue Fes Due or other appropriate communication will be
mailed in due ¢ourse.

X This communication is responsive to 09/03/98
X! The allowed claim(s} is/are 1-9, 10-17, 21-23, and 50 {now renumbered as 1-20)

) The drawings filed on 1/19/96 are acceptable.

(J Acknowiedgement .is made of a claim for foreign priority under 35 U.S.C. § 119{a)-(d).
O Al O Some* L[] None of the CERTIFIED coples of the priority documents have been
] received.
] received in Application No. {Series Code/Serial Number) .
(] received in this national stage application from the International Bureau (PCT Rule 17.2(a)).
*Certified copies not recsived:;
[J Acknowledgement is made of a claim for domestic priority under 36 U.S.C. § 119(e),

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE “DATE MAILED* of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

3 Note the attachad EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration Is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED,

‘ {0 Applicant MUST submit NEW FORMAL DRAWINGS

L] because the originaity filad drawings were declared by applicant to be informal.

1 including changes requlred by the Notice of Draftsperson’s Patent Drawing Review, PT0-948, attached hereto or
to Paper No.

3 including changes raqulred by the proposed drawing correction ﬂled on . which has been
" approved by the examiner.

0 including changes required by the atteched Examiner's Amendment/Comment.

Identifying indicla such as the application number (see 37 CFR 1.84{c)) should be written on the reverse side of the

drawings. The drawings should be filed as » separate paper with a transmittal lettter addressed to the Official
Draftsperson.

[J Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

- Any rasponse to this letter should inciude, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). If applicant has received a Notica of Allowance and Issus Fes Due, the ISSUE BATCH NUMBER
end DATE of the NOTICE OF ALLOWANCE should also be included,

Attachment(s)
[ Notice of Referances Clted, PTO-892
[J Information Disclosure Statemant(s), PTO-1449, Paper No(s).

X Notice of Dreftsperson’s Patent Drawing Review, PT0-948

. [} Notice of Informal Patent Application, PTO-152
{1 Interview Summary, PTO-413 : : i &n
O Examiner's Amendment/Comment
] Examiner's Comment Ragarding Raquwamant for Deposit of Bioiogaca! Material TAN Q. NGUVEN
[C] Examiner's Statement of Reasons for Allowence PRIMARY EXAMIN
ART UNIT 3661

Notice f%ﬂllowability o M i TR
o | I

U. S. Patent and Trademask Dffice

PTO-37 (Rev. 9-95) Notice of Allowabllity Part of Paper No. _ 17

- - Bt T b e W s ek e o i A - — —_——— e = — B v a1 amw f——— .-




Ferm PTC 948 (Rev. 8-98) U.S. DEPARTMENT OF COMMERCE - Patent and Trademark Office  Application No, @/ 587 )73

. o NOTICE OF DRAFTSPERSONS o
RN AL ) :WI[ "T:E'NT lﬁRAWIN HREVIEW M e v

The drawlng(s) filed (insert date) BB 3080 Vol odul Y sbino el 3

A, proved by the Draftspersbn under 37 CFR 1.34 or 1.152. .
B.“[-] objected 10 by the Draftsperson under 37 CFR 1,84 or 1.152 for the reasons indicaied below, The Examiner will require

lubmisslqn of new. cqmctef drawings when necessary. Correcied drawing must be sumitied according lo the jnstructions on the back of (his notice,
bubtel abid g m-mum v 3 .xH A1 T G s R WU vt ST Toued alptie sids sl aid

S -ui. 1 110 ot uredg 8 W v utaan saalueslos ban stimn wil) Bos (oo Y st 3490010 00iini < wainne i)

1. DRAWINGSY 37 CPRA.8401) Abéepaumwgmesarai-wnau A1 31138 ARRANGEMENTIORVIEWSHIT-GFRITBAGYE 0 it -

Black;ink., Cologn;, smvm.m war i unibet ol v ) j,;,'_},;,,qn JWI donot:appear oh a horjzontal, left;io-right.f fashion ;.
Oolor drnwinqa aré not acceplable until petitoii bs pranied, Be, is ellher 'nprlgh; 071 turned 30 1hal the top N
le(l) LOF I {197 O J"nft‘ woid PN al“h)la‘b Jl.. l 1N \.'r"“ srl W6 ?Mm "10 ﬂsh' Sidﬁ, exupi fdr‘i‘ra'phs Flg(l)__i_h;_:{_”'

_-L-...Penﬂl ‘and non,plack inkinoi! pﬂrml!ledv'l’is(l)_l_.r;._u_e: 1203 ihtw reug MESCALEATLCFRABAK]Y bluorde qmwith sl & 1]

2. PHOTOGRAPHS. 37 CFR 1.84 (b) —_ Scale nol lerge enough to show meci'uanism, pvilhom f
—_11fuli-tone set is required, Fig(s) cmwdmg when drawing is rcduced in Sie 10w hifds ia'1
_____Pholognphs noi properly mounted {must use brystol board or reproduciion, :
photographic double-weight paper). Fig(s) Fig(s) VL anitiiis Ly
e FoOr qunlity (half-tone). Flg(a) 19. CHARACTER OF LINES, le EERS & LETTERS" )
3. TYPE OF PAPER. 37 CFR 1.84(c) : 37 CFR 1.84(i)

l?aney na),fexibic, yirong; whits, and-dugsble:; i1, o vmwml. bty s Lines; numbers & lelters not uniformiy thick and well; f(-l I3
ig(s) defined; clcun. dnnble snd hlack (poor fine quailly)
uthi Em,;";h.' Herations, Sveivvritihgdtitieriiveatidrirl DO T 6 1 L(VA f"Iapls(.)mullr.‘m:,lu- bor sanaar il i 434 b

ks folda;copy maching imarks not agidpled: Blz(').umuﬁ.zunn vy i ISH{\DING-aB? CFRLBMMY s Losint e ailipgte 511000

lid black I
—r hilll’:.\'ﬂllm P‘Pef il‘ Iﬂ}"ﬁq‘"b'e (10111'l:l['[)_q hl,_‘ ST W BN Sgli&‘:::ck’:;::algf:& :fcr(r:IlT_"Flh(s)"W' i b |
4. S{ZE OF PAPER. 37 CFR 1.B4(f): Acceptable sizes: iz W & 00 ?SMdeJinGS, ;palé; rqugh;and blurredA Fig(s) ofic by 1.\ r”,,

e 21.0 cm by 29.7 cm (DIN size Ad) - 12. NUMBERS, LETTERS, & RBFBRENCE CHARACTERS.
216cmby219cm(81)2xllimtm) 37 CFR 1.84(p)

~0 AN draWing'shedld. Holifefaine’stza1t Hus2a1 Hivs hoiisg (Lubno)as 19 INumbsérs%ind rer'tence.cnmuewnou plainiand legible: 141
T Sheete) ______ . i — saritroibe A
Drawings sheets not an scceptable size, Fig(s) L . Figure Jegends are poor. Fig(s) ’ :

3. MARGINS. 37 CFR 1.84(g): Acceptable marpins: . ——, Numbers and refcronce characters not oriented in the
s 3 same:direction waitheiview. 37, CFR . 1.84(p) W'y L
15‘:; . gi it ka;'{:':j.é Bamied wioivof gaberaty a4t yd bata)? (‘.' gtign ay W TR 5y evals L7,
. SIZB: AdSizc ' Englishtlplmbul nof used, 37 CFR 1.84(p)(2)
'Ihpuumuﬂnﬂ“cﬁ'mshh! SicmF Bottomy1,0emi jui-¢/ <t uri fioie i 'hnlhl(FfGI_LL_u,ﬂ_”_‘.ul VPR i 38 o quinh 1T
i St B-ta. ‘(] natidriag cd Hive sasnndn o wial [ Nienbers, letters and refefence charactcrs musi bo al ieast
dorbcepable. Figle)' 12317 L019q i v 2ugnbedy 0 Laswollm] 3y i nehy i héighit! 37/CFR Ladeaj 142 b ‘wl

'lhp m Lef{L).1f v Wil ‘Jflf bJ‘J'u‘lq(': elitl '.mll’is(lh ety gl catlemyotnl 1o a3, 00
Right (R) Bottom (B) 13, LEAD LINES. 37 CFR 1.84(g)
6, VIEWS. 37 CFR 1.84(h) . . —— Lead lines cross each other,  Fig(s)
REMINDER: Specification may require revision to —— Lead lines missing. Fig(s)
correspond to drawing changes. . 14, NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.B4(f)
Partial views, 37 CFR 1.84(h)(2) . — Sheets not numbered consecutively, and in Arabic numerals
- Brackets needed to show ﬁgnre asone entity. beginning with number 1. Sheet(s)
Flg(s) " 15, NUMBERING OF VIEWS. 37 CFR 1.84{u}
—_ Views not labeled nplnlely or properly ' — Yiews not numbered consecutively, and in Arabic numerals,
Fig(s) beginning with number 1. Fig(s)
e Enlarged view not labeled separetely or properly. 16. CORRECTIONS, 37 CFR 1.84(w)
Fig(s} .. Corections not made from prior PTO-948
7. SECTIONAL VIEWS. 37 CFR I B4 (h)(3) ‘ dated ___
—— Hatching not indicated for sectional postions of an‘object. 17. DESIGN DRAWINGS, 37 CFR 1.152
Fig(s) — Surface shading shown not appropriate. Fig(s)
—_ Sectional designation should be noted with Arabic or Sohd black shading not used for color conirast,
Roman numbers, Fig(s) . Fig(s) ‘
COMMENTS

-

REVIEWER Qﬂ D ¢ DATE ” izggi[ BTELEPHONE.NO.

ATTACHMENT TO PAPER NO. l i;




PTO UTILITY GRANT ; f
Paper Numbar

The Commissioner of Patents
and Trademads

Has received an application for a patent for a
uew and useful invention. The title and de-
seription of the invention are enclosed, The
requirements of law bave been complied with,
and it bhas bsen determined that a pasent on
the invention sball be granted under the law.

, Therefore, this
; United States Patent

, Grants to the person(s) having title to this
patent the right to exclude others from mak-
_ ing, wsing, offering for sale, or selling the in-
vention throughout the United States ‘of
. America or importing the invention into the
- United States of Amarica for the term set forth
| belows subject to the payment of mainsenance
, Jees as provided by lass,
| If this application was filed prior to June 8,
. 1995, the term of this patent is the longer of
| sevenseen years from the date of grant of this
‘memqmﬁumtbcnrlmrqﬂé:t-
: ive U.S. filing date of the application, sub-
)mmﬂymm:ycxmim

‘Iftbhlppbutiou was filed on or afier June
i 8, 1995, the term of this patent is twensy years
'ﬁmwda U.S. filing date, subject to an statu-
s tory sxtension. If the application contains a
- specific veference to an earlier filed applica.
_ tion or applications under 35 U.S.C, 120, 121
or 365(c), the term of the patent is twenty years
Jrom the date on which the carliest applica-
tion was filed, subject 10 any atatutery custes-

Commirrioner of Patznits and Trademarks

———— D o p—
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Phn; 1ype 8 plus Bign {+) inside shis box = m
PTO/S8/M82 (11-86)

Approved for use through BOD/SYS. OMB 06510035 gy
Paleni and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paparwork Reduction Act of 1985, no pemns are required to raspond to & colaation of Infarmation unless I displeys
. 4 valid OMB control number.
{ , Application Number D8/587 731

\Q\\ REVOCATION OF POWER OF | ing oee 01-19-1906
@\ Jed Margolin
X

First Namad Inventor

ATTORNEY OR B oy 51d
AUTHORIZATION OF AGENT | ciner ame - | NGUYEN, TAN QUAN
Allorney Docket Numbar )

"

| hereby revoke all previous powaers of attorney or authorizations of agent glven in the above-identified

application; g -
' ' ::: »I"‘-: ’é"{’
i ~ [
N P, ik
D A Power of Attorney or Authorizatlon of Agent is submilted herawith, cat o )
OR - T el
Please change the correspondence address for the above-identified application to: © 't/ ‘
; Piace Cusiomer ™7 -
[X] customer Number | 23497 | —» Number Bar Code ™
OR , Label here
Flrm or
Individual Name
Address ¢
Address -
Ctty <3
Country State ZIp .f-P, Lan :'-'4?!
N .- 1
Telephone Fax '-'.".')'
".T; v, o
" | am the: L
g
X1 Applicant. ; ,“.\f,’ 2 ey
W} .
' : T
E-_—I Assignee of record of the entire Interest -
Certificate under 37 CFR 3.73(b) is enclosed
SIGNATURE of Appiicant or Assignee of Record
Name ~ Jed Margolin
Signature W W/y’#j&ﬁ
Dete GHo
BUTCEN TOUT SIemer. M 1% esima ours ] LO Wil valy Qeperdng Upon the Needs o] The nOwioua) casa. Ay
hould be sant 1o the Chis! Information Oficer, Patent and Tredemark Office,

comments on thy amounl of fima you are r
- l Washingion, OC 20231, DO NOY SEND Es DR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Assistant Commissionar tor Patents,
1

Washigton, DC 20231,
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ABSTRACT AL A
L N = . . “ ] . / .
- This zaper discussea(merhods by which the savigation funczion for lemotely Pilocted Tenizles (Vs

can Ye aciisved without the need Zor complex stecialifed navigation equipment'.( “The objective ,fg’ to zake
- use of aquipment aorrally carried for RPY operation o supplement a simple dead Tsckoning aavigation system.
In this way significant improvements in oavigation capubility can e achieved with 1itils opr 1o added -
complexity in the venicle itself. ' The additiomal processiag i3 car-ied out at the zonrtrol cente whers
redtrictiona on equipment size apd sost are 1ot 30 prodibitive. Both a two-way data ‘iak and a forward

- lociciag eleczTu—optical sendor are highly desiruble RFY facilities and these are on-tocard equipseats that
capn be adapted to provide additional information a: the ground-hased or airborae comc-ol station for o, ¢

veiiicle paasition updsting. /{..w AW T T

-~
B 3 .‘?,,,‘ Thae paper dizcussea teciniques uryin.g;'?_.:am the use of the zZara link to provide :unlgu-l:urin.g cavi-

"jgmtion Lo map matching uaing recomomissance sefisors or a forward looking sensor picture. A Use can also be
rmade 3f an on-bcard laser to provide rmnge~to-terrain aseasuresents whizh, when correlated with a computes
::storud map, enablew the APV position to be continuously updated. Results of simulation studies waich have
ibeen carried out to walidate the tecnniques and provide an estimate of the accuracies that 2y 2e achieved
i are pnucntad:. '

| NOMENCIATURE

S.apy = Position ervor of RPV .
93z = Range srror of DME systea “f :
Ty = Bearing error of Data Link

2 = Sapge of PV from relay zircrard
7y = Navigation error of contrel or relay venicle

au = Bange of PV at the nth sample -

g = Azimuta angle of RFY at the nth sasmle-

Ak a Tize between data samplea

Ty = Velqeity of relay vehicle

3 = Headizg or HFV

- ic a Range of RPY from the Simector of the relay stacion base line

be = Bearizg of AFV from the bisector of the relay atation base line

D = Diatance betwean ‘:Qi‘ relay stations forming the base line

3‘4’.? = Range {rom RFY to Identification Yoint

a T o= Haignt of EFY above Identification Point

9 51_.? = Downlook angle Zrom RFY to Identification Point
Iy = Lager depression angle
;‘51 - Leser aricemth angle -
.

3, = Horizontal range from FFV ta laser/terrain intersection point
ad, n Haight differe¢nce between terrain at RPY and at laser/terrain intersection point
£y = Error in actual/predicted termmin kheight

1.  DNTRODICIION

In r=cent yeara the evar incr2asing cost and complexity of canned airezai* <or aperation in a ‘bacile-

%4 * field snvizonment bas led ts : re-appraisal of the use of Remotely Piloted Ve s (XPV4) for certain
types of nissions. Tor higz i1:itrition situvatioms in vnich aircrew are at r1:: e use.or expendable ar
limited Z:7e rezicles is ablo...._ e Jrovided the venicle coatrolls=cs ..« veel wiTi the decessary

ua—

guidanes and control informatiom, the RFY can Dossess an operational flsxibili:y zomparanble with that of z
sanned airzTaft. The roles doat suited to 2 batilefield APV are :

i} Target Marking
ii} Reconraissance
iii) N

The zenetzation of the AV beyond :the Torvard Zdge of the 2atzl: Acsa (TI34) neceasitaces the use
of a ss2lay svartion located such that fta al:

“itude {3 adequate o maisiai: odi
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its position is such as to be out of -wmge of SAME. The relay wmy Je either a stationary platform or a
patrolling aircraft. In the latfer case, the contToller zap be located Iin the airc:arft. Horz umul ig
the use of a zyound contIwl station,

The IFY should be as smmli as possible cowpatible with the abare ziseicn tasks and this zeans
restricting ihe zomplexity of the onboard avienics., Although squipment such 2s forward looking azd recon-
aajissatice sensors, a data link and jossibly a laser are of necesaiiy located on the 7venicla, tae davigarisn
and zuidance #quipment can 3e largely accommodated on the Telay venicle or at the ground station, The
sensors 1lz=ady on voard the ZPY can he used $o arovide & navigactional Zacility which can supplemenc a xigpiae

odest accuracy systea such as a compass/sir data umit. The bmailc airhorme system Would provede smfZicient
inforzation Zor general Zlying of the 3PV, i.a. neadiag, velocity and a Tough ndeasure of poeiiion, woils

the additicnal senmors can he used Lo provide an accurste neasure of present PV josition. Thiis zhi‘osorny
is adopted here and the peper Dresencs a aumper of alternative fechniques vhersoy, depending on ths :.a:.".i;.ula.:
situation, one or more af the above items form vart of the overal® aavigation aystem.

Firacly, the data link iz requirted to mminraip a c¢onstant or :-vsgu.hr periodic centact with the TV 4y
means of a4 aarTov beam ~ width mic-owave link, hence a tmmcking facility zust already exist on =he relay
venicle providicg FFV bearing information. Bange informmtion can be provided Ly means of & reasponsive
tmansponder similar to an IFF system atilising the same vebicle antennas.

Secondly, update facilities can he provided by means of aither & real time forward lookine or vercical
~econmaissance immge used in conjunction with a noving map digplay,

A third poaeibility mekes use of the ranging laser used for target mmrking purposes, I5 Toute za

and from the target arem, range—to-tersmin Ieasurementa can be trmnsmittied over the data link to the copzrol

station., This data can thenm be correlated with a computer stored mmp to determine the zoat ikely IFY
positicn. -

“he adoption of one or zore of the abave techmiques lemds to a xignificant improvesent in zavizmctiooal
accuracy with little or nc additiosal] complexity in the vehicle itself.

2. 3ADI0 NAVIGATION USING A DATA LONK

! e date link forms the life line of communication between the APV and the contsol etatiom. 15':5
the means by vhich S‘ﬂid.l.ﬂl:l to *he 3FY are trupawitted end video signuls received. Becaunse of zhe
nead for ndtm_msuiu;?.ou of video signals (typically 5 M Hz) and the desi—abpility of nar—ov bean -
width, lov side-lobe entesnas for good anti-jamming capability, microwmve I-zquencies are genermlly samplayed.
This limitas EPV gpermtion to line of sight communication snd hence oy necessitate the use of airborme relay
stationa. A posaible operstiocnal eituation is shown in Fig, l. In zrmctice thers may vell be nore Stan
one relay station snd PV, It ia envimmged thut the relmy station will stand back from “‘he FEBA, out of
direcs r3nge of ground-to—air veapons. Thias doea not however arevent the snapy maiing use of either zzound
or airberne Jasmers %o illumipmte the -elay vehicle, thereby redocing the effective signal-to-poise matio
of the signuls received from the 3FV. Two situations can he distinguished, one in vhich the -elatire
telay -~ PV geometry is such that the jawmwing sigmels are received by the -elay antenna minlobe, in which
cage the signal-to-noise ratio is ow. The second sitomtion selates zore to large lateral secamations of
Jammers and the RFV in vhich case jamxdng signals enter the relay antenns via the eide-lobes, In suea
capes, The signel-to-goise ratio say aot be significantly degrwded and mimpaired cperations can contizne.

¥hen the effects of enewy LM can he naglected, i.s. the relay station Tewmmining in contact with the
APV, angular informmtion is directly available froa the data link antenna and range can be derived usizg
conventional IME techniquea. Thus ‘he Sositicon of the PV relative to the relay station can de reasocadbly
wvall dafined. Ffor absolute location of the FFY, clearly the position of the relay vehicle needs %o de
defired, TIn the case of tethered nlatZoras thig is no probles but for patrolling aircraft or hoverizg
vehiclos *he erzor of the relay vehicle pavigation system hao alaso to be taken into sccount. An averail
€ITOr car be d¢stimmted from the following equation.

arpy « { g - 0.t - R‘crq,"\ -(1)
Typical results are presented in Fig, 2,

Parhaps of Zore importsnce is the dynsmic probles of guiding the IPV %o a given position. Ter this
cuase it {a desirzble to bave & good knowledge of the PV heading and velocity as vall as its presenc positien
and bewt results are cbtained by uaizg both cn-boerd snd “wmote guidance equipment. For exazple, edati=atas
of heading and velocity provided by the cmpﬁuu‘ data system can be cowpared with time dependent smnge
and bearing data derived from the data link to obtmin improved estimates of RFY poaitjon, velocity and
Yeading. Tigure 3 shows the geometry relevant to a 3 point moving window tracking technique. The 2eading
of the APV can ba written in functional form as

'ffan-l,n,nﬂ'#n-l,n.n—I/A‘-'vR) -(2)
Thia gememally rzquires more procesaing effort than the dezsrmization of range or velocity. Tor tethersd
or hovers-ox relav veninles Vg is clearly zero in the abov- +1uamtion. Since the on-oocard and remote systeaa
usa inaapepaent .aca the results are beat combinea uaing . ..atiacical filtar., The simpleat approsci 13
o uge a lecamt squares technique (see Jafaronce 1). Alter-atively, an integratad f{ltering zethod as
described in Seference 2 mmy be eaployed. Thia latter saper suggedts a asignificunt imorovement in cavigat-

ional accuracies dy eaploying filtaring techniques.

In ICH enviroaments, range {nforaation to the "AFY capnot be guammnteed though it i3 likely that
bearing iiformmtion can atill be derived. To estimte the RFY position in much circusstances, use caa be
mda of the posaible wzultiplicity of relay stationa. From xnown locations of the ralay vchicles, crode
Searing Tixes on the WV of interest can be achizvad., This Ls a1 vell ‘mown location technique, boti for
1ir and oarine apolizaziocus. A detalled amai<v-13 i <he amthed 18 7iven ia Farference 3. 7or the Fresent

&
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apaiysis a Sors useful sxpression Jor josition acsurmey is
= 5 | z3~2.04 1 'y 2 R 1 q < “ 2
Iqpy*0yrT {3t atsa] P20ty - { 2ed sia ye) ‘}
2 aswe —{3)
Resulis derived f-om sguation J are plotted fn Fig. 4. It can be snown fzom the avove exorzsaion that the
sest accuracy is acalsved vaen Ye = J anod Re/D = 0.3536. ™ua for good accuracy using this leczniquae,
the separation Jetween “he I»lay srtaciona snculd be large compared with the Denetzacaon of the IEV Seyond
the TZ2A. To determinae tle overall IFY josition, the additional eYfsct of ==lay statzon sesition acenmacy
zust alsoc bhe -aiken into aczount. T —

i

3. MAP MATCITNG

So {ar we have considered on-ocard dead Teekoning and remote radio mavigation techniques. The =in
provlem with these techmigques is that the josition accurmey 13 sitler +ize or Tange depandent and sa
additiooal methods of updating venicle positions are necesmary. A number of teciniques are availaols for
an FFY.. ~Tor reconnaissance Tehiclaa having real tige szensors, the sroblea i relatively strxight—forvard.
The use of sither Side Looicng Fadar (SLR) or"Infra Hed Line Scan (IRLS) systems means that efZectively a
ap 13 generatad vnile the sensor is ogerating. The resulting video signal S-anemitted %o “he conr=ol
station thus drovides a zesthod wherzby “he APV podition can be readily located.

Cne systam widely employed for displaying sircrart navigationmal information i{s the arojected zoving
san display and a similar technique can be employed by the RPY control station., Cur—ent mp aystens bave
the additional facility of being able to comibine an electronic diaplay with the %oving zmp and Refersnce &
discussee some oI the latsst developments in this field. Haking uee of thia principle, it =y be nossible to
project the eensor imuge onto the mp and determine “he APV pomition by sateaing the two izagea. iz, 5
anows the principles of the combined zmp/sensor display projection system. :

In aractice it is envisaged that the RV reconnsissance sensor imsge will be momitored on a TV
display. The use of digitwl scan converters allova a znmber of alterimEive display jresentations (see
Aaference 5). Perimps ‘he most convenient display zode for the predent application is the solling amp
or "maging scene' echnique whers a v line is added to the top of the display and the 3cene is spifted
slowly downwards.

¥hen likely update Jeaturss are seen (4.3. Tivers, crossrcads, distinctive mn sade chjacta) the .
{rwoe ia frozen, & itmansfer bution ia initisted and <he digitally stored frame is projected via the mp [ i
system. The zap is then moved laterally fo align with the projected imege. When the aligxuoent is Judged
acdequate an accept bhutien is prvssed and the present josition co-ordinates of the PV updated, taki=g inzo
acsount the ¢lapsed time for updating actions. A jposaible arrangement of oparntor console ig shown i
Tig. 6, Control of the immge pictures and =mp mmtching facility is achieved through the use of a4 foystick
control. Some sigulated reoults of this update ‘echnique are shown in g, 7. These resuolts zaxe use
of SL2 iemgery.

When the IFV has only real time forward-locking sensorn, uae cxg ostill be zmade of “he “rensmittad
immge to provide a aavigational update facility. Zowaver, in order o create the correct persvective amp-
like projection, appropriate trunaformation of the ismge is necessmry. In photogrammetrical 'anguags this
i3 termed rectification though “4e appropriats tera in perspective art is apamorpaic vrojection. The
principle Involved is shown in Fig, §, The ceceived forwrd looking izage my be co-ordinate trmmsformed
wither by optical tachniqrea utiliaing apamorphic lens systems or slectronically by means of the scan
eouverter or projection CRT sweap circuitry. Since ihe imege slready exists in electrical far=, the
electronic transformmtion techniques are probably zoat suitsble. The ap type lmsge projected anto the
display is aow trapezoidal in sbape because of the tranaformmtion. Major features on tha map can again be
aligned ao doscribsd above, In practice severxl factorn combine to sake tha task more difficalt than for
the vertical seosor case :=-

1)  warying resolution, contrast and intensity scrosa the dispiay.
ii) ~ distortion due to undulation of the terzain.
i1i)  the wildly exmggerated size of tresa, hedgas, buildings aetc.

Hence ao alterrative wimpler update technique is pruposed for this aituation.

With a forward lecking sensor display it is possible to mark aobjects electronically with a ioyatick
cantTolled smrker symbol; this ia etandard HUD technology. The slectruniis can he ar-anged aach that
baving frozen a suitable immge and mmrked an identifimble point on it, a mmrker symbol appears cvo the
srojected mmp. Also the field-of-view of the sensor, as projected in the hordzontal Plane, is muperimposed
on the amp az a "bright up" preaentation so that the oricntaticon of the sensor view is clsarxrly asen. The
swae joystick is pow used to align the map with the marker. To emsure correct alignment at least two
identification points (IP3) are -equired on any given Lmmge, prefermbly three or four. In a conventional
airborne situation the task of marking a target on a display ia not aany and my take severml seconda. For
the situmtion described abore, however, the prohlem is one of marking chosan objects on & frozen ‘cmge in
8 shirt zleeve environment and 2=nce this aepect of the pavigation problem ia not considered too difficult.

Fig. 9 ohowa zome aiu’i::d Tesults of the above updata tachnique. The ¢ffect of the bright arza

iz clearly seen in -sl3%i:- + =—arknsd targsta,
Y se ¥ ' Q'D P
4, TERBAIN MAP CORRILATTCI U a

Heconnaissance or forwm:d looking sessors provide a convenient method of updating thke parigation
system. However, thess sensors require a large data link bandwidth to trag=mit the video picturss to the
control centre and hence are Tuwlaerable to ICM.  Reduction of the video bandwidth reduces the ef ect of
LM but with a conseausnt lez-xdation of picture Tesclution. Hence an alternative method of upcating
the mavigation srscsa is jesirabls. The zethod o Yo described uses ranging aeasurements zada 3y 4he
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laser and omparss these with sor-espondizg Tanges obtained Yrom a representation af the sreala stared o
4 zomputar it :the contrel ceotre. The data link bandwidth regquirsd to tramamiz the laser Tacges is very
small and Zencs is sorcwepondingly less suscsptible 0 interfer=ncs by ICM.

Jasicaily the technigue depends sn an adecuats Tegrezentatisn 97 The <srizin sver whisn f
to 1y tha 3PY, The zerrmiz is stored s a series of =13 orzinates obtained from 1 map of
area and “hese are used 5 constIuct a sompurer odel of Ixs tertaia (Fizp. 12). The inizial
jroducingy zhis data ase Jrom che vap is considerable Sut Jar a ziven area :: is a ‘oncs-cnlc
sizmulation of the RPV 2igac sath at the contTol zs=ncr2 then allows laser range o De calsulaces o a F
Y soar<ion and a zomparison zade with acrual Tang:-ig lessursments. A serzes of zositions and neac:acs
around the axpectad values {and limited in deviation 7oom these axzecsed values Sy sstimacas .-:av-'.qa:::::'
arrors) are also sested againat ihe actual measursments and zhe best posiiion and heading for the REY
found.

Tor a 2.0 simulation, wners i% ig only necessary to deterrine the alongrrack position of the 257,
it *ax been Zound that a Iinizum 3¢ three jeasurements (2 laser - altimeter) Ar= necessarv To give 1
msliable indicavion of posizion., wnile for a 3-0 simulation at leasc four peasursments (3 laser - al
are re#quirsd. These conclusicns are bSased on srior-fres simulacions. However, wihen errors ar= -a
into acgount it kas been found aecessary to considermbly ‘icresase the number of measuTements o effe rely
moozh out the arrors. Am:t Irom the srrors involved in the ac:ual laser zeasursments the accuracy of
terrain representation hasy a gonsidermble influence on the feasidility of the metnod. Ia acddiion, she -
technique is inerfective gver the sea or over flat, Featureless “arTain. deverztheless, 3y coobiring :his I
mothod with thoge descTibed praviously, an effective cavigation system is offersd withoudt ie necessizr ,J
Zor specialised mavigation aquipment.

L

The method has been demongtrated uding a computer simmlation of both the laaser IMOgY Teasurscent and
mange matching pracesses, bearing in zind that the latfer stould act simply Ye a reversal of the for—er
ag thix would neglect the "r=al world" errors caused by imper<ect repre=sentation of *he termaia. The
sismlation of the matcnisg proceas is precisely the process that is required to be car—ied out at ==e
contzol centrs, while the siculation of the liwer measurzment is an attempt %o predict the s=sulbs of actual
zeasurcments mde frowm the vehicle during flight. Henoce carsful represenotation of the terrain has Hesg
used for measurement simuiation with ter=amin data points stacsd 100m apart om a rsctangular zoid,

m

[}

The Tange a3 seen 5y the lager is calculated by takizg a section through the terraiz ia the :'i.-sc::‘.qnf
in which the laser iz jointiag, Assuming a mowledge of the Y height above the ter—ain 3 {rom 1 =adie
altimeter) and the laser beam depression angle 31, the horicontal :mnge FH and incremental Qeight 1 I of )
the leser/terrain intersection point 7, relative o the RFY josition X, can e ealeulated (Fiz. 11}, The
following data is then tzznemitted “rom the RV to the contsol centre :-

o

i) feight differances ;‘.I'Il.....- Aﬂi:..“-- Ry
ii) horizontal mnges 331.-..._. .331""" ?ﬂ{a
i11) laser azimith angles ' Bloveans Biaeanns A,
From a lmowladge of RFY velocity and heading and an sstimate of likely navigation er-ors, the zusrest
RPY pasition can be predicted together with a cirels of possible error (Fig. 12), A search san thersfors
be mmde within this cirgle ‘o detarmine the most likely RFV position. For each position consider=d, the

terrain beight 3 is known from the model and at tange 3, and bearing F. froam that poaition the expecsed
termain height is given by 3 + A d,. This is compared dith the actual”terruin height at that jpoint (as
stored by the nodel) to give un erfor £4. By-considering each TH, and @y (i = L to n) an M5 srcac is
obtaided Jor each position, and the position with minimum errer givés the most likely RFV soaition.

5. NAVIGATION ACCTRACIES

In thiy saction of the peper an attempt will be made to compars the zavigation accuracies atzairabie
from the various techniquea previously discussed. Q
For the basic on-board systea comprising a mmguetic compass and air data unit, the 3llowing accurmeies

are predictad based on curreatly available equipment ;-

—
.t

heading 19 standard deviation
velocity 2% standard deviation

This gives a position accurncy of approximately 2% distance gone. However, a o ior aourcz af ertor «will be
dus to wind; although a correction can be applied, an uncertainty in wind speed of the order of 5 /s is

not unr=asonable. Assuming an RFV veloecity 200 w/s this rworesents 2}% giving a resultant josition accumcy
of the order of 3% distance gons.

fange-uearing techniques have been used for wany years as exemplified by TACAN/DME rarvizatico.  when
using ;round bSeacons a major sourse of error is multipath jropagation waich zives rise ta large errars ia
£3tiZat.nr the bdearing to a station. However the nodern systems which use airborae Seacons gverzeze <his &r
.- R13 15 the situation <hich exists when z2onsli ! ving BPVs.

Llearly target bearing estimmtion from the r=lay venicle is a major cont-ibutar te PV loeation
accuracy. 3ince microwmrve frequeancies, pernaps at X-band, coupled with monopulse determircacios Seczaigues
ars zaplayed in the r=lay veoicle, good angular estiomtes of the RPY bearing are avajlable. Firal figures
ar= depgndent on antenns 3ize, frequeancy of operaticn and signal-to-noise ratio. It is considered that at
leaat 17 standard deviation should be readily atiaipable in a practical systea. from Flg. 2 it {s seen
that Zais gives a typical PV position error better than 2 4; standard deviacion at 100 ku Taage. Tue
ultizace snort mange accurmey 13 clearly dependent om the accurscy of the r=iay yehicle navigation system.




[

When jamming savironmenza are such thac jernaps only bYeariang Iinformation ia available T2 the selay
reniclies, the cross Year:ig IiX zrinciple ucilising multinle celay venicles swmains a possidilitT fer IFV
sesition Tixing. Tig. L shows zhe accuracy function om a Telative scale and clearly indicates :he P0sition
dependent acsurscy =ffect. To arilise :his tecanique successfully in a practical aitwation, it is Aecsasary
=3 sarefully seiscs <he zatTol sctation positioss for the relay vehicles raslative o the batzlerield,

Taking zhe 3% accuracy conzour as a guide zo %the arsa of uriliiy of the technique, Th:is zor-ss-ones
o a distance ‘Tom zle daseiine 3i-sectar -oughly =2qual o the relay station sewaration. If ue thersfors
=nvisage IPY operatidns out 9 iCO ka fTom the r=lay, the relay stazions siiould e located 120 4a fraa rach
other. At this separation, with a Searipgaccuracy sstimiion of 1~ etandard deviation the I/ can Ye
located o a -axi=um acewnr2cy of 1.5 km standard deviation. Comoilning Shis with a typical reiay vezictie
position accurzcy of 9.5 @ Taises tais figur=s by less chan 0.2 ‘.

Navigation updating usizg a -sal time picture [rom a vertical reconzaissance sensor z-ovides 1 very
accurate means of position Iixing, Tig. 7 shows scme simulated -~esulis Sased on 512 imegery. The
picture quality of these radars is seen io de more than adequats to idearily the min zeog—apinical tezmain
and mea sade fsaturss. in the sxample shown, the —iver bank provides a zood zap matshing Tegture. Fiz.

Tema s e a

74 showa some degrse of nisalignment of the mop and radar image. In Fig, Vb the two ars aligned. Some

erTors are present due £9 ihe scale compresaion sffect at Imnges close o *he APV and this is refleczed in
map projection discortion. Zven without “urtier video jrocessinag to corract this effect, it is considersd
that a location accusacy of 0.2 um is-attainabple.

When using 1 forvard lookizz eeascor Yor map mtching the useful range of the sensor ias limited fo
4 3 g1, hence the matching will e done over a small area and a large:r scale map can Ye u2sed (cf Tigs.
7 and 9}. This, “ogether with the fact that consideraple detail will He visible in the forsground of
the display, mkes the zatzhing iazsk sesier allowing a mstch to within say 100 a. Unfortuzately warieus
system erTors can producs incorssct trapsiormtion of the display and sesult in significant josition errors.
The sources of ercor and thsir effecss ars the same irrospective of whether a full display iransforsatian
tecanigque is being usted or only marked identification poimts. .

AcToss track arrors should be amali since the only error is that due fo zarking the display in azimmth.

Display marking should be pessible to withia » 2% full scale, allowing for 2oth operator and zarker Systea

ersars. for a 30%'0\1 sersor thiz corresponds to an angular ercor of 10 3 rads. Display Pointa of intereat

are expected L0 Se¢ at -arges betwsen ! and 2 ‘om and for acturata across tracX aatehing a 2sar and a Zar +
point should de zhosen. This will gzive sendor heading to within 30 @3 rmds and acress immck errors < “d £,
i.8. the matching is the Siggest source of ercor. -

Along t=ack erTors zan be much greater. The sange to an ideatilicatisn soint is Zivea by

I, = a
= tam (35
:an \ ? ? - - L
where h is the height of the IFVY above the IP -
in, i3 the downloock angle from RV to the 1P

The ®most significant sources of sr—or ia determiaming 2., with typical values Jor standard deviatlon, are

{) Uncertainty in AFV altitude ~ 3 min 150 m i.a. &% 4

ii) UOpdulating terrain. The effect of undulating terrain is exactly the same aa
variantiona in FPV altitade. Variations ~ + 20 m are sxpected, i.a. 13% 4.

iii) Display parking. Zrrorsin marking the display in elsvation are agaia estipmted
at » 2 full scale. For a 20° vertical TOV this is 3 3 md.

ir} Uncertainty in semsor attitude. The accuracy with which the sensor actiitude ia

known in elevation is dependent on the equipment fit in the APV, A malue of 2 2

vad i3 aagumed, If the attitude is not imown to this accuracy an estimmte can

probably be onde from the position of the horizen.

For jdentification points at a nominal range of 1.5 km the above factors give the followizg independent
errors

i) poX i1) 200 o idi) 100 = iv) 25 p
The cosbined effecte of thease errors and the bmsic mmtching error is 2%0 =.

As yat it has not been possible Lo quantify the navigation accuracy :at could be achieved by the
laser/tarsrmin correlation syatem. It i3 a functien of ‘he terrain used and the accuaracy of tarzwmin
representation. Prelizinary reaults of the simulation described previously ars available with the sifects
of orrors in

-  laser beam depression angle ( 2 mrad, 1L 0}
- laser range meaaurement (6 m, 1 o )
-  wadis height seasurement {3 z, L o)
- terman aeight peprzseziation (3 a3, 1 7 )

represented. Theme Tesults suggest that the technique i{a viable. Heverthcless the search technigue ‘used

to obtain these reesulta was very such aizplified; for each oavigation attemmt the true 7ahicle position wmo
predented to the oystam along with numercus points in the acarcih a«resa. In practice, the tTue poaitios vould

not bae availahle and some degredation in results wvonld than be expectad,

Further vork is se=quired %n ascertain the relation betveen savigation accuracy and errurs in ter-min
representation. dowerer, gince {t appears tdat terrain reprezscmtation {3 an imporzac: sart of the concept
bamwesiw Anta taken dirsc3ily ITom sterzoscealc photographa should yield considerable i=zrvement aver data
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taken ITom mps., Alsa carstul comsideration i3 required of the optimum search technicue woicd should e
4mad In oractize.

3. CONCLISICNS

A 2aTigation concept 1as been presentad vhersdY a zood navigation accaracy (down 30 T ) can be

sealized Zor

an AFY with the ainisum of on-voard squipment. Taple 1 summarises the aczuraciss of the
T

Tarious rechnigques available. Ii ix proposed thact several of these be izcorporated iato the overail ITV
contTol and zuidancs system 30 thatc the cnnt“o]...er can select the one zmoat suitable for a Ziven sicuation.

Yhen a vide bHandwidth data link zan be saintained *4e wmmp mmtching ‘echnique uasisng 312 or TFS

affera the siaxplest and most accurmte solution with the forward looking sensor as 2 good altermative. It

-

does-however, impose a large workload on the contIoll=r since, depending sn =he accuracy of tie basic oo~
soard systew, the updating seeda to be performed everT lew minutesty A secamate pavigator is therefors
envisiged, keeping ‘rack of severzl 3FVe. - Ilactionic devices which are currently Yeing developed o

parford area

zorcelation for autommtic ulsct:-o-ontical tracking mmy lead to automsrion of the amtchizg

tagk in the Zuture.

Vhers
accuracy and

the data link is limitm; in Sandwidth the laser/tertmin correlation techpique should give good
the process could ae coapletely sutomated to provide a continuous indication of 2V position.

Jisadvantages of the system are the large amount of datz ssorage and computation necessary at ‘he control
zsnrre, the development work requirsd to produce an opermtional system and the unauritability of the system
over featureless termain. .

Alternatively recourse can be mmde %0 a system based on measurements made I{rom the selay statiens.
Thes# are well sarablished tachniques offering good scsuracy at short ranges and nodest accuracy at long
Tanges. Agaiz a completely autommtic system is poasibls.

In the avent of a “otal failures of the IFV conrrol/guidances link, the on-ooard systez vauld he
adequate to allow the RAFV to zavigate itsell back o a pra—defined recovery area.
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Comnarison of RPV Navigation Technicues
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Taechnique Accuracy-km (1 7 ) Coument
Compasa/Air Datz 33% Distance gone i
5 after 100 } g
Bamic On~doard Systenm 3.5 atter 100 ‘m Depends on wind estimmtes -
Range-dearing 1° Bsaring accuracy
{rom Helay Station 1.8 at 100 k= = nge g Contiauoua
Crosu Bearing Fix 1.6 . 1° Bearing accuracy rarsnson
Tom Relay Stationa -5 a8 100 'z rangs 100 im baaseline
Laser Ranger~-Terzain 0.5 Dapends on tha accuracy of
Yap CorTelation ) the terrain representstion
S
Map .‘-hv_:-r:hin.g with 0.2 Accuracy limited by
Hecce Sensor . display aysteam Lt‘!gdaCE
Tecniniquas
iAP Matching '-dtg 0.23 Aa abiova, Additional _
Forvard Looicing Sensgor i srrors due to display mmrxizg
e, Altituda 150 a.
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DISCUSSION

D Jalliwell, Dacca Systems Study and Manageament division, UK

Using the terTain nap correlation method, ars thrse canges rsally able o zive sn umigue posi=on?
mhers are yrobaoly many solusions in sach case, only ane of which i3 corZect, Aftsr a false
rezet tha tTus poaition may be osuvaide the arsa o7 wneersainsy for the zext fix.  Have Four
simmtiations showa any tendency <o this sifagt?

J ¥ Lyons, #S4, UK

'i’Ezz an errur-frwe syatem thres Tange zessuregents and radic height will in ganeral be adequate to

give an unique positica within & limited area, though i1 is posaible to conceive ter—ein
configuretions where this would not nold. The zethod will not wark over flat featurelesa
terTain. 4lso, in a real-world aystem, ersorsz wilil be present and further range zessurements
i1l be necessary to 3mooth the effects of theas, Far convenience and %o avoid a cluttered
presentation ouly thres geasurements ward illuswated in Fig. 12

The aresa of uncertainty for the next iz depend: 98 erTora associated with the astimation of
fresent position. Howaver, when an update ii atleapted, a confidanca level cen be eatisated
based on how well the runge nessurvaments Iis the stored terrsin zadel. Ounly when a high
anfidence level i1 achieved is an update acceprted.

€ T T Jessop, Spercy Gyroscope Company, UK

To achieve the ?ix accuracies quoted what hori-ontal datum accuracy, in pitechr and roll, ia
assumed for Tormard and sideways looicng laser ind radar sensors; and could these in fact
apnroach inertial navigation system accuracy lsvela?

i thyy, 4.

J D 3annister, HSA, X

For the small laser beam depreszion angles assysed, the aystem is relatively insenzitive ta

small changes in pitch and roll angles. The japer illustTates, in Fig, 11, that it is the
horizontsl -snge, TH, which is used for the corTslation process, The arzor in JH will be mall. -
However the question then arisea as io the change in Serrain height over the distance asscclated
with the er—ur in E, This will depend very Zuch an the pstura of tha tarrain being overflowm.
The accuracy of the pitech and roll information tqus detormines +hae type of terrain over whicn
tha mathod provides a useful update facilitzy. Also it should be borne in mind that the swmoothing
sffect of taling a number of measurament3 1s yery powsrTul.
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U:S. Department of the Interior
U.S. Geological Survay

Eanh Science

information Center (ESIC)

US GeoData

Digital Line Graphs

Fac!sﬁeet

Digital line graph data

Digital line graph (DLG) data are digital
representations of cartographic infor-
mation. DLG's of map features are  ~
converted to 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 DL.G data are derived from
such maps as the USGS 1:2,000,000-scale
sectional 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
States cover 15-minute areas {;md corres-
pond to maps at 1:62,500 scale. The unit
sizes in Alaska vary depending on
latitude. Units south of 59° N. cover

Plot of DLG data—northwest corner of Bombay, New York-Cuebec Quadrangle, 1:24,000-c~ale showing
hydrography, roads and trails, rmiroads, miscellaneous transportanon, 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 longitude,

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 {:100,000-scale topographic
quadrangle maps. Each 30~minute unit is
produced and distributed as four 15- by
15-minute cells, except in high-density
areas, where the 15-minute cells may be
divided into four 7.5-mimute cells.

Intermediate-scale hydrography and trans-
portation DLG data are sold on compact
disc-read only memory {CD-ROM). Each
disc contzins 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 Uniled States are available: Area
3—southeastern States of NC, SC, and
GA; Area 4—FL; and Area 13—north-
western States of WA, OR, and ID.

Small-scale DL.G data that correspond to
USGS 1 :2,000,000-scale sectional maps
of the National Adas 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 accommodalte overcdge boundaries
are collected as muldples 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 available in
nine categories: (1) hypsography,
including contours and supplementary
spot elevations; (2) hydrography,
including flowing waler, standing water,
and wetlands; (3) vegetative surface
cover, including woods, scrub, orchards,
vineyards, and vegelative features
associaled with wetlands* (4) non-
vegetative features, incluaing lava, sand,
and gravel; (5) boundaries, including
State, county, city, and other national
and State lands such as forests and parks;
(6) survey control and markers, including
horizontal and vertical positions (third
order or better); (7) ransportation,
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
political and administrative boundaries;
(2) transportation, including roads and
trails, railroads, and cultura! 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 data contain a full range of attribute
codes, have full topological structuring,
and have passed certain 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 to a map, this concept
expresses spatial relationships between
map elements that are obvious when the
map is examined. The spatial refation-
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

Altribute codes are used to describe the
physical and cultural characteristics of
DLG node, line, and area elements. Atiri-
bute codes are used to reduce redundant
information, provide enough reference

information to support integration with
larger data base, and describe the
relationships between cartographic
elements. Each DLG element has one or
more attribute 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 are
available in standard and optional
formats. The standard formar has reduced
storage requirements, 144-byte logical
record length, an intemnal file coordinate
system (thousandths of a map inch), and
topological linkages contained only in the
line elements. The optional format is easy
to use with an 80-byte logical record
length, a ground planimetric coordinate
system (Universal Transverse Mercator),
and topological linkages contained in
node, line, and area elements. .

Small-scale DLG's are available in
standard, optional, and graphic formats.
The standard format is the same as the
large- and intermediate-scale DLG's. The
optional format is also the same as the
large and intermediaie scales, except that
it uses the ground planimetric coordinate
system of the Albers Equal-Area Conic
projection. The graphic format 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—Digital Line Graphs from
1:2,000,000-Scale Maps.

The graphic format data are DLG line
records organized by feature type and

reformatted into two record types:one |,
line identifier record and multiple
latitide-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, attribute
accuracy, and topological fidelity. For
large- and intermediate-scale DL.G's,
additional data validation such as edge
matching and quality control flagging is
performed. !

US GeoData Sampler

The UJS 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 northwestern States (WA, OR,
and ID); the 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

DLG data are written as ANSI-standard
ASCII characters in fixed-block format on
unlabeled or ANSI labeled nine-track
magnelic 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, 1ape label, and either
the topographic quadrangle name or
section, or the southeast latitude and longi-
tude comner coordinates of the sales unit.

The US GeoData Sampler can be ordered

by name and is offered in standard or
optional ASCII DLG formats, on cither

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




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 data files derived from the 1:24,000-scale and other large-scale maps contain selscted
base categories of cartographic data in digital form; these data categories do not necessarily
correspond o the traditional feature separates associated with the maps. The attribute 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,
Auribute Coding, which is available for purchase from a USGS ESIC office (see the ordering
information inside the front cover). Currently, DLG data entered in the National Digital
Cartographic Data Base (NDCDB) are coded in accordance with the Standards 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 convert existing data files to these codes during the next several years.
Priority will be given to converting files retrieved in response to 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 transmittal of
data files. The following categones 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) adininistrative boundaries
that identify areas such as National and State forests. Political and administrative
boundaries are always collected as a single data set.

. Hydrography -- This category of data is currently 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. Wetlands 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 administered by the U.S. Bureau of Land
Management. PLSS data are only collected for areas falling solely, or in par,
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 the original survey.




DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

continued

Transportation -- This category of data includes major transportation systems
collected in three séparate overlays labeled: (1) Roads and Trails, (2) Railroads, and
(3) Pipelines, Transmission Lines, and Miscellaneous 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 transportation 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 dara categories,

New attribute codes for Other Significant Manmade Structures were implemented in
the last quarter of 1985. Very little data from this category currently reside in the
NDCDB.

The autribuie codes for the following base categories were newly defined in late 1985. Currently,
there are very little 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 features
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-vegetative
surface features are found in the category of Hydrography.

Survey Control and Markers -- This category of data consists of information ab‘outl
the points of established position and third-order or better elevations that are used as
fixed references in positioning and correlating map features.




DIGITAL LINE GRAPHS FROM 1:100,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:100,000-scale maeps contain selected
base categories of cartographic data in digital form; these data cate-
gories - do not necessarily correspond to the traditional feature sepearates
associated 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, standjng_water, and
wetlands.

* Transportation -- This category of data includes major trans-
portation systems collected in three separate subcategories
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 boundaries are always collected 2s 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 the original survey.

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 control, vegetative
suyrface cover, and nonvegetstive features are projected to enter the
production phase in 19%0.




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
Narional Atlas of the United States of America. The following categories 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).

. Transportation -- This category of data includes major transportation systems
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 Optlonal 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 compatble with the GS-CAM (Geological
Survey - Cartographic Automatic Mapping) software. This software provides for plotting line and
point information using a varety 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 attribute 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-~RCM for §$32,.




DIGITAL LINE GRAPHS FROM 1:2,000,000-SCALE MAPS --continued
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Multistate cells used for Digital Line Graphs from 1:2,000,000-scale maps.




DIGITAL LINE GRAPHS

DISTRIBUTION FORMATS

The 1:24,000-scale and other large-scale DLG data are available in two distribution formats: (1)
standard and (2) optional. ‘

The Standard distfibution 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
explicitly 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 nodé 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
explicitly encoded for all 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 L

Standard Optlonal
Character set 8-bit ASCI B-bit ASCII
Logical record 144 bytes 80 bytes
length
Physical record Variable in Variable in
length (blocksize) multiples of multiples of
144 bytes. 80 bytes.
Coordinate system Internal file Ground
(thousandths of planimetric
& map inch). (UTM),
Topological Contained only Contained in
linkages in line elements. node, area, and

line elements,




APPENDIX  --Standard 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

type Content

A Header record containing DLG identification information.

B Header record containing projection information and registration points.

C Header record identifying daia 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 anribute codes.

G Record containing text string (not currently used).

H Accuracy estimate (not currently used).

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

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

2. Data records

Node records Repeated
Node description (D.I) for each
Attribute codes (F) node within a
Text string (Q) data category
Area records
Area description (D.1) Repeated Repeated
Attribute codes (F) for each for each
Text string (G) area within a data category
data category
Line records
Line descrption (D.2) Repeated
x,y coordinates (E) for each
Attribute codes (F) line within a
Text string (G) data category

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




GLEN ELLEN

o000

APPENDIX --Sample DLG Data File (Standard Distribution Format)
(Bach 144-character record is shown a1 two consecutive 72-character lines.)

1968 24000

10 -0.122033045000000D 09 0.380180450000000D 08 0.0
~0.0 0.0 -

o000
. .
[=NeNal
oo o
oo o

2, 0,610000000000000D 0 0 4

.1228625000000000D 03 0.382500000000000D0 02 -0.122625000000000D 03
.383750000000000D 02 -0.122500000000000D 03 0.383750000000000D 02
.122500000000000D 03 0.382500000000000D 02

0.609594407590000D 00 -0.28817856%420000D-02 0.538248793410000D 06
0.424037445560000D 07 4
SW -8971-11376NW -B8955 11375NE 8955 11376SE 8971-11376

1
BOUNPARIES (24&25) 795 16 795 7 530 20
N 1 -8971-11376 0 0
N 2 -B955 11375 0 0
N 3 8955 11376 0 0
N 4 B8971-11376 ¥ 0
_N\ 5 -8966 3203 0 0
N € 2101 11374 0 0
N 7 5832 11376 0 0
N 8 7513 11376 0 0
N 9 BY9SE 7494 0 0
N 10 8981 2884 0 0
N 11 3469 10371 0 0
N 12 5530 9112 0 0
N 13 -3115-10127 0 0
N 14 7520 11175 1 0

90 1




APPENDIX

USGS~-NMD DLG DATA - CHARACTER FORMAT - 09-295-82 VERSION
1968 24000

GLEN ELLEN
3 1 10 - 2 0.61000000000D+00 4
-0.122033045000000D+09 0.380180450000000D+0
0.0 0.0 .
0.0 0.0
0.0 0.0
0.0 0.0
0.10000000000D+01 0.0 . 0.0
“SW 38.250000 -122.625000 532812,91
NW 38.375000 -~122.625000 532757.10
NE 38.375000 -122.500000 543674.93
SE 38.250000 -122.500000 543750.25
BOUNDARIES (24&25) 0 16 1§ 010 7
N 1 532812.91 4233413.86 2
1 -10
N 2 532757.10 4247282.79 2
-2 3
N 3 543674.93 4247335.01 2
-6 )
N 4 543750.25 4233465.56 2
-9 10
N 5 532773.94 4242301.15 3
-1 2 12
N € 539496.77 4247314.04 3
-3 4 17
N 7 541771.16 4247326.01 3
-4 5 -19
8 542795.89 4247330.85 3
=3 & ~14
N 9 543686.72 4244968.57 3
-7 8 -15
N- 10 543703.06 4242158.35 3
-8 9 =20
N 11 540333.59 4246706.56 3
-l =17 i8
N 12 541583.59 4245945.02 3
-18 19 20
N 13 536379.09 4234192.12 2
<11 -11
N 14 542800.74 4247208.34 2
14 15
80 1
N 15 537351.64 4243171.97 2
-12 13
90 1
N 16 538780.02 4243415.25 2
~-13 16
50 1

-0 4
0.0
0.0
0.0
0.0
0.0
0.0
4233413.86
4247282.79
4247335.01
4233465.56
7 010
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
1 0
1 0
1 0

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

20

20
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APPENDIX --Optional DLG Distribution Format (Record Contents)

In the optional DLG distribution format, topological linkages are explicitly encoded for node and area
elements as well as for line elements. The files are physicaily comprised of 8-bit ASCII characters organized
into fixed-length logical records of 80 characters (bytes), Bytes 1-72 of cach record may contain DL.G 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 identification and description records
Accuracy records (not curnrently 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-lo-area linkages) i

Coordinate string records |

Attribute code records ]
i

L - L] - a L] L]

Text records (not currently used)

The actual 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)
Contro! point identification 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 linkage record(s) for each
Attribute code record(s) node within a N
Text record(s) data category

Area identification record Repeated Repeated
Area-o-line linkage record(s) for each for each
Attribute code record(s) area within a b data category
Text record(s) data category

Line identification records Repeated
Coordinate string record(s) for each
Attribute code record(s) line within a 4

Text record(s) data category
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Digital elevation madels

Digital elevation model (DEM} data
consist of an array of regularly spaced
elevations. U.S. Geological Survey ~.
{(USGS) DEM data are sold in 7.5-
minute, 15-minute (Alaska cnly), and
I-degree units.

Data production

DEM data for 7.5-minate units are
cotlected by four production methods:
(1) the Gestalt Photo Mapper II (GPM2),
an automnated photogrammetric system
designed 1o produce orthophotos, digital
terrain data, and contours in subunits

calied patches; (2) manual 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 elevations from
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 digital line graph (DLG) hypso-
graphic and hydrographic data, collected
using scanners, manual digitizers, and
automated line followers.

DEM data for 15-minute units are
derived from DLG hypsographic and
hydrographic data.

DEM data for 1-degree units are collected
from topographic map sources, ranging
from the 7.5-minute map series o 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 to the USGS 7.5-minute topographic
quadrangle map series for ail of the
United States and its territories except
Alaska,

US GeoData

Factsheet

Digital Elevation Models

n of a 7.5-minute DEM plot of Tumwater, WA

DEM data for [5-minute 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 between 59°
and 62° N. cover 15- by 22 5-minute
areas, those between 62° and 68° N,
cover 15- by 30-minutie areas, and those
north of 68° N. cover 15- by 36-minute
areas. (All values are Iatitude-longitude,
respectively.)

DEM data are produced by the Defense
Mapping Agency in 1- by 1-degree units
that correspond 10 the east 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 its territories. In
Alaska these are west, central, and east
files.

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 sizes. These data, therefore, are sold
as two 7.5- by 7.5-minute units.

——

Data characteristics

All DEM data are similar in logical data
structure and are ordered from south to
north in profiles that are ordered from
west to east. However, they differ in
geographic reference systems and
sampling ingervals.

DEM data in 7.5-minute units consist cf
regular arrays of elevations arranged
horizontally on the Universal Transverse
Mercator (UTM) coordinate system 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 vaniable angle
between true north and grid north in the
UTM system.

DEM data in 15-minute units consist of
regular arrays of elevations arranged
horizontally to the coordinate system of
NAD 27. The spacing between elevations
along prefiles is 2 arc seconds of latitude
by 3 arc seconds of fongitude. Each
profile has 451 elevations.

DEM data in 1-degree units consist of

a regular array of elevations arranged
horizontally using the coordinate system
of the World Geodetic System 1972
Datum. A few units are also available
using the World Geodetic System 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 data 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 profiie, and
Iatitudes preater than 70° N. have
spacings at 9 arc seconds with 401
elevations per profile,

Ry T T T - -
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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 characieristics 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 one
type A record per DEM file. The type B
record contains profiles of glevation data
and associated header information. There
is a type B record for each profile. The
type C record containg statistics 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 rooi-mean-square error
(RMSE). The RMSE is used to describe
the DEM accuracy. The vertical accuracy
of 7.5-minute DEM’s is 15 meters or
better. The 15-minute DEM accuracy is
one-half of a contour interval of the
15-minute topographic 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 (00-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 Seaitle,
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 ANSI labeled 9-track

magnetic 1apes at a 1,600-bpi or 6,250-bpi
density. The logical record length is 1,024

bytes with a 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
corner 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 tapes.

The Earth Science Information Center
can furnish indexes, price lists, and order
forms. Data Users Guides are included
with each order.

For further information, contact:

U.S. Geological Survey

Earth Science Information Center
507 National Center

Reston, Virginia 22092
1-800-USA-MAPS

June 18393




DIGITAL ELEVATION MODELS

7.5-MINUTE DIGITAL ELEVATION MODELS
Characteristics

A 7.5-minute DEM has the following characteristics:

. The data consist of a regular array of elevations feferenced horizontally in the UTM
coordinate system. The reference datum may be North American Datum of 1927

(NAD 27), North American Datum of 1983 (NAD 83), Old Hawaiian Datum (OHD),
or Puento Rico Datum of 1940 (PRD).

. The unit of coverage is the 7.5-minute quadrangle. Overedge coverage is not pro-
vided.

. The data are ordered from south to north in profiles that are ordered from west to
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 elevations because of the vari-
able angle berween the quadrangle’s true north and the grid north of the UTM coor-
dinite system.

. Elevations for the continental U.S. are either meters or feet referenced to the National
Geodetic Vertical Daturn of 1929 (NGVD 29). Elevations for Hawaii and Puerto
Rico are either in meters or feet referenced to local mean sea level. DEM'’s of low-
relief terrain or generated from contour maps with intervals of 10 ft (3 m) or less are
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.,

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 quadrangle--an approximation of the geographic map boundary (neatline).

The resulting area of coverage for the DEM is a quadrilateral, the opposite sides of
which are not parallel.

The UTM coordinates of the four comers (bounds) of the DEM's are listed in the type A record,
as shown in table 1*data element 11; the UTM coordinates of the starting points of each profile
are listed in the type B record (profiles), table 2*data element 3. These coordinates describe the

shape of the quadrilateral and the variable x, y starting position of each profile. .Because of the -

variable orientation of the quadrilateral in relation to the UTM coordinate system, profiles inter-

sect the east and west neatlines as well as the north and south neatlines. '

In addition, DEM’s have profile easting values that are continuous from one DEM to the adjoin-
ing DEM only if the adjoining DEM is contained within the same UTM zone.

* See Data Users Guide 5 - Digital Elevation Models




Structure of Digital Data

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 data 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 array of elevations for ground positions that are
usually at regularly spaced intervals, The third type, Land Use and Land Cover digital data,
provide information on nine major classes of Jand 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 Informadon 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
- l-degree

. Digital Line Graphs (DLG’s)
- 1:24 000-scale
- 1:62,500-scale
- 1:63,360-scale
- 1:100,0C0-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 anaiyses 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

Digital Line Graphs from 1:24,000-Scale Maps —~ $2
Digital Line Graphs from 1:100,000-Scale Maps - $1.50
Digital Line Graphs from 1:2,000,000-Scale Maps - $1.50
Land Use and Land Cover from 1:2,000,000-Scale Maps — $1
Digital Elevation Models - 31

Geographic Names Information System - $1

Alaska Interim Land Cover Mapping Program -~ 351

I - T T L I X

Data Users Guides 1-7 replace Geological Survey Cicrcular 895 B-G.




ALASKA DIGITAL BELEVATION MODELS

The product consists of a regular array of elevations referenced horizontally to the
geographic (latitude/longitude) coordinate system of NAD 27 or NAD 83.

Elevation data on the quadrangle neatlines (all four s:dcs) 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 State of Alaska north of 68° N latitude
7.5 x 15 minutes Between 62° N and 68° N latitude
7.5 x 11.25 minutes Between 59° N and 62° N latitude
7.5 x 10 minutes State of Alaska south of 59° N latirude

The longitudinal limits of these cells are computed east and west-of the -150 degree

meridian. The north-south cell limits conform 10 even multiples of 7.5 minutes of
latude.

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 latimde. A profile will therefore contain 451 elevations.

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 mimutes Between 62° N and 68° N latitude
15 x 22.5 minuotes Between 59° N and 62° N latitude
15 x 20 minutes State of Alaska south of 59° N latitude

The longitudinal limits of these cells are computed east and west of the -150 degree
meridian. The north-south cell limits con.tbrm to even multiples of 15 minutes of
latitude.

The data are collected with a 2- x 3-arc-gecond spacing in latitude, and longitude,
respectively. The first and last data points along a profile are at the integer degrees
of latitude. A profile will therefore contain 451 elevations,




I-DEGREE DIGITAL ELEVATION MOwLELS

1-Degree DEM (3- x 3-arc-second data spacing) Provides coverage in 1- x 1-degree
blocks. Two products (three in some regions of Alaska) provide the same coverage

as
is

a standard USGS 1- x 2-degree map series quadrangle. The basic elevation model
produced by or for the Defense Mapping Agency (DMA), but is distributed by

USGS in the DEM data record format.

A l-degree

For U.S.
to order

Characteristics
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 coveragé is a 1- x 1-degree block. Elevation data on the integer degree
lines (all four sides) correspond with the same profiles on the surrounding eight
blocks. .

Elevations are in meters relative to NGVD 29 in the continental U.S.-and local mean
sea level in Hawaii and Puerto Rico.

The data are ordered from south to north in profiles that are ordered from west to
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 data points are
at the integer degrees of longitude. 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.

1:250,000-scale 1 degree by 2 degree areas, you need
TWO 1 degree by 1 degree DEM units: EAST HALF and

WEST HALF. They are TWO separate DEM units with TWO separate
 costs: $7 for each half for a total of $14 for the entire area,
if you are ordering six or more units.

122° 121° . 120°
38° 38°
" WEST EAST SAN JOSE
HALF HALF 1° x 2°
1° x 1° 1° x 1° 1:250,000-
unit unit scale area
3ge° 37°

For ALASKA 1:250,000~scale DEMs, some areas reguire THREE units:

EAST HALF,

CENTRAL HALF and WEST HALF, if you want the entire area.
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