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provide a high-level, devica-independent
communication layer betwsan the user
subsysteme and the ITARS hardware. These
routines properly construct ITARS messages
from the values spacified in their input
argumenta and send the messages to the
Brass Board procaess. In addition, these
routines asynchronously recejve data from
the Brass Board process, and double-buffer
it for later use by the usar subsystem.

Ta accelerate the integration effort,
Merit Technology created a program know as
the ITARS Emulator. This  program
coexisted on the microVAX with the other
user subsystems and provided terrain
elevation data (at a reduced resolution)
in a message format defined in the ITARS
ICD. The Emulator also received aircraft
state vectors, point Featura mesgages and
usear request messages sent by the alrcrart

modael and main RDS task. Like the
Brass Board process, each user subsystem
communicated with the ITARS Emulator

through the IDIR softwara. The Emulator
proved to be an invaluable tool for Eystenm
debugging and led to a significant change
in the integration plan.

The original integration plan defined the
IDIR as the final layer between the user
subsystams and the RDS/ITARS communication
hardware. The plan called : for rewriting
the IDIR software to communicate directly
with the ITARS. This was determined to be
a significant effort because the original
IDIR softwara used DECNET for all of its
interhost communication. Tha RDS/ITARS
IDIR softwarae would also need
functionality similar to DECNET. The idea
arose to add Ethaernat and 1553 interfaces
to the ITARS Emulator and forward messages
"through" the Emulator to the ITARS
hardware, hence theBrass Board procesa was
born. An early version of tha Brass Board
process was an ITARS Emulator with a 1553
intarface forwarding messages to the
ITARS. This configuration provided a
needed incremental integration stap and
allowed the RDS to operate without an
Ethernet link from the ITARS (tarrain data
was generated by the Emulator). later
versions eliminated the ITARS Emulation
logic and included an Ethernet interface.
The advantage of this layered approach
preserved tha DECNET IDIR interface,
eliminating any code changes tg the user
subsystams. Indeed, the usger subsystems
are ‘“unaware“ of the source of thalr
elevation data.

Results of system intagration

During inteqgration sevaral kay lessons
were learned about the RDS. As the system
neared completion, it became apparent that
limitationa existed in tha area of
software partitioning. Although |t isg
possible to host each subsystem in any

machine, the configuration shown in Pigure
2 proved to be optimal due to the through
put requirements of each algorithm. The
TA/ThA algorithm combined with the flight

model, route planner, and main RDS task
consume all of the processing capability
of the first microVax (the route planner

executes before the flight simulation and
therefore does not contend with TA/ThA) .
Analysis has shown that the bulk of

processing on this microVAX is credited to

the TA/ThA algorithm. The TF, SITAN and
communication software load the second
migrovax to BA.O percent of its

capabllity. If the ITARS Emulator is umed
instead of the Brass Board process, the
microVAX becomes fully loaded. Based upon
these estimates, tha RDS fully loads both
microvax systens. Full real-tima
exacution speed is achievable in a TF only
configuration, however, with the addition
of a third microvax, full real-tine
execution speed could be achieved in a
full-up configuration.

A larger than axpected reduction in system
throughput was noticed when the ITARS
message monitoring mechaniam was
integrated into the system. This can he
explained as follows: the main RDS task
maintains a queue structure which collects
arriving monitor messages from the Braas
Board procass. Each cycle through the
simulation, this queue ig emptied as each
message is uploaded to the PC/AT. A timae
penalty is paid for this process resulting

in a reduced ovarall hertz rate. A battar
idea would be to send a monitor massage
specifying number of area loads per unit
period of  time (i.e. 6 area
loads/second) . Data from this massage
would be used to render a gauge-type
instrument on the PC/AT 8creen (bar

chart) .

Areas of Improvemant

The system gaems to perform

aa expected,
hovever, minor

modifications to the
overall system architecture would improve
system performance. One of these
modifications would be to create a
6aparate process for the alrcraft state
vector interpolation software. This
software currently reside within the
flight nmodel and is  interrupt drivan
(using a timer interrupt). Incorporatian
of the flightline PC software into the Rp3
would allow greater ITARS control from the
RDS  PC/AT, The ITARS systen goftware
could be improved by eliminating duplicata
consecutive area loads. Currently, the
ITARS sends area loads at a rare specified

in the ITARS User Request Messaga. At the
fastest rate (1 bz) several consecutive
area loads will have identical data in

them because the aircraft has not crossed

Reproduced with permission of copyright swner. Further reproduction prohibited.
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a 16 by 16 block boundary. This can also
occur lf the ajircraft is in a tight turn.
This data unnecessarily crowds the
bandwidth of the ethernet and requires
some additional processing time on the
receiving microVax. Currently, the Brass
Board process detects duplicate
consacutive area loads and discards them.

Conclusion

The ITARS Robust Demonstration System has
proven to ba more than a taatbed for tha
ITARS. with ite innovative user
algorithms, elegant software partitioning,
and clever communication software, the
system provides a naar real-time avionics
anvironment for virtually any digital map
storage system. In addition, the RDS can
easily interface with othar avionic
subsyataens, providing an incremental
integration path from the lab environment
to the aircraft environment. A high
degree of independence exists between each
of the user subsysetemsé and brassboard
intarface, thus minimizing the difficulty
of porting the softwara to various
hardware configurations. Incorporating
the user subsystems within the ITARS
hardware would provide a truly
self-contained, airborne TP/TA/ThA digital
map navigation system.
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Fractal Image Compression Using Iterated Transforms:
Applications to DTED
E.W. Jacobs and R.D. Boss

NCCOSC RDT&E Div
Code 573, San Diego, CA 92152-5000

ABSTRACT; A review of iterated transformation
image compression is presented. Generalization of sim-
ple iterated function system fractal generating algorithms
to an automated iterated transformation algorithm used
lo compress greyscale images ia reviewed. Compressed
images from the Digital Terrain Elevation Database are
presented, and compared with encodings using adaptive
discrete cosine transformations, and mean residual vector

quantization image compression techniques.
1. INTRODUCTION

Because of the increasing use of digital imagery, there
is currently considerable interest in the image compres-
sion problem. In particular, image compression is a cur-
rent and growing necessity for Navy applications includ-
ing storage and transmittal of maps, intelligence pho-
tographs, weather information, etc. General interest in
image compression has led to the establishment by the
Joint Photographic Experts Group of a standard based
on discrete cosine transforms (ADCT). There is also an
on going effort in the research communily to design im-
proved vector quantization (VQ) methods, and to develop
methods which utilize wavelet transformations. A rela-
tively new approach lo the image compression problem,
iterated transformations, has been presented by Jacquin
[1,2). This method has its foundation in the theory of iter-
ated function aystemas (YFSa), developed by Hutchinson [3]
and Barnsley (4], and recurrent iterated function syatems
[5}]. The iterated tranaform algorithm has received partic-
ular interest because of the fractal nature of the encoded
images, and. because there has been much speculation,
but little information available on the capabilities of the
method. The first sections of this paper review the basic
methodology of the iterated Lransform image compression
technique. This is followed by a section on the compres-
sion of the Digital Terrain Elevation Database (DTED)

in which resul:;‘obtame(] using iterated transformations
are compared to ADCT and VQ methods.

48.2.1

2. BACKGROUND: SIMPLE EXAMPLES

This example serves as a simple illustration of some con-
cepts involved in the iterated transform image-encoding
scherne. This example is based on iterated fuaction sys-
tems. The main concept is that the image of a set (a
Sierpinski gasket, in this case) can be reconstructed from
a set of transformations which may take less memory to
store than the original image.

Consider the three transformations shown in figure 1.

They are

[T

(=TT

and

—
T W
[—
|
—
[=1¥T)
o
[S—
——
L |
—
+
—

For any set S, let

3
W(S) = wi().

[
Denote the n-fold composition of W with itself as W°.
Define A, = W(A,_;) = W°"(Aq) and arbitrarily choose
Ap as the unit square with lower left corner at the origin
(ie., Ao = {(z,9)|0 < = < 1,0 <y < 1}). Then as
n — 00, Lhe set A, converges to a limit set Ao In fact,
for any compact set § C R, WoP(S) — Ay as n —~ oo,
Figure 2 showa Ag, Ay, Az, As, Ay, As and Ay.

That all compact initial sets converge under iteration
to A is impartant—it means that the set Ao 18 defined
by the w; only.

Each w; is determined by 6 real values, 8o that for this
example 18 floating poiat numbers are required. In single
precision, this requires 72 bytes. The memory required to

store an imnage of the set depends on the resolution; the

1122 U.S. Government work not crotected by U.S. copyright
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Figure 1. Three affine transformations in the plane.

Bk
AR
By

Figure 2. Aa, A1, Az, As, A¢, As, and A

4

Ao image requites 256 x 256 x 1 bit = 8192 bytes of
memory. The resulting compression ratio in this example
is 113.8: 1.

It is inhereatly difficult to find an IFS which will encode
sn arbitrary set. Furthermore, in this example, the image
of the Sierpinski gasket is described by a set of pixela, each
being either black or white. The problem of more inter-
est for image compression applications is the encoding of
gray scale images (i.e., an image in which each pixel has
many possible gray levels, not just black or white). There
are two generalisations to the simple example given above
which make encoding gray scale imagea feasible. First, io-
stead of each w; operating on the entire image, the w; are
restrictad to operate on s section of the image. The the-
oty of IFS’s has been extended by Barnaley and Jacquin
[6] to sllow transforms to operate on only parts of the set
rather than the entire set, in a method they call recur-

rent iterated function aystems. The particular section, or

domain, which each w; acts on. must be stored as part
of the encoded image. Second, the transfoFmiatiots lave
to be generalized to three dimensions. A gray- scale jin-

age can be thought of as & three-dimensiohaf: §¥, each’
pixel having an z, y coordinate, and ‘an inténsity value «.

A form for the tranaformations which is convenient for

encoding gray scale images is,

z a . b O z
wly|l=|ea d -0 vi+ (1)
z 0 0 & z

00 | 08| os|00a2| te | os-| 00

where Lhe first eight transformations are restricted to act .

on the region {(z,¥)|0 < z < 1/2,0 < y < 1/2}, and the
second eight transformations are testricted to act on the
region {(z,y){1/2 <z < 1,0 < y<1/2). Similar to the

example given ahove, the map W' is defined ‘a4 the union -

of the w;’'s. Let values of z = 0 be represented as black,

z =1 as white, with intermediate values asahades of gray..
The initial image A, is arbitrarily chosen ma z.= 0.5 for-

{zmocz<10¢ y,gl}. The first: six iterates, and .

the fixed point are shown in figure 3. In practics, the-

values of z,y, and r aré discretized. Wher the image-in ..

this example ia discretized s 128 x 128 pixels, and 8-bita ,
per pixel, the encoder used in this paper 8.7 automat-:
ically encodes this image (using an equivnlen_t set of 18, *

transformations) with the resulting compresaion equal to -

358:1.

3. ENCODING AND DECODING AN IMAGE .

The question that must be answered is; ‘given ‘an‘ims -
age, what is the method for finding transformations that ,

48.2.2
1123

Reproduced with permission of copyright ewner. Further reprodiction prohibited.

014095



Figure 3. Ao, A1, Az, A2, Ay, As, As, and A for the 18
tranaformations listed in the text.

encode it?7 The contractive mapping fixed point theo-
rem suggest how to answer this question. The contractive
mapping fixed point theorem guarantees that, i Fisa
complete metric space, and the map W : F — Fis a con-
tractive transformation, Lhere exiats a unique fixed point
W] = Aco = limaco W™ (Ap), for any Ap € F.

Since the limit set is a fixed point,
W] = WOWD = w(WhU--Uu(W]). (D)

Thia formula suggests how one would seek the transfor-
mations wy, . .., wy which encode a given image. The goal
i8 to have the fixed point |W| approximate the desired im-
age f. The transformations should therefore be chosen to
satisfy equation 2 with |W| replaced by f, i.c., the trans-
formations, when applied to f, should result in f. The
wy(f), ..., wa(f) are said to cover the image f. Refer-
ring back to the two examples in the previous section, it
is seen that, given the Sierpenski triangle, or the fractal
square pattern, by satisfying equation 2 the transforma-

tions encoding these images could be found.

In the two examples, the covering W(f) is exact. Given
an arbitrary sct f, it is not possible in general Lo exactly

cover f with a finite number of transformations of itself,

48.2.3

1124

The obvious question is then: what happens if the cover-
ing W(f) is approximate? A corollary of the contractive
mapping fixed point theorem, which Barnsley calls the
Coliage Theorem, puts a bound on the error between |W/|
and f when W(f) does not exactly equal f. The theorem
says that the closer the covering W(f) is to the original
set f, the closer the fixed point |W} will be to f, and that
this is especially true if the transformations composing W
are very contractive,

In figure 4 part of the encoding process for this image
is illustrated. The figure demonstrates how one section
of the image, called w range (R;), is covered as closely
a8 possible by applying s transformation w; to a domain
(Di). To complete the encoding process, a w; and D;
must be found to cover each Ry, and the R;'s must com-
pletely tile the image. To facilitate compact specification
of the transformations, the sets from which D’s and R's
are chosen are restricted to be geometrically simple, and
limited in number. The w;'s must be chosen such that
upon iteration, a fixed point is reached. In light of the
collage theorem, it is surprising that when the map W
is constructed, it is not necessary to impose any contrac-
tivity conditions on the individual transforms. The nec-
essary contractivity requirement is that W be eoentually
contractive [8]. A map W : F — F is eventually contrac-
tive if there exists a positive integer m such that the m'*
iterate of W is contractive. Note that in the gray scale
example of section 2, half of the transformations are not

contraclive in the z direction.

As shown for the simple examples in the previous sec-
tion (Agures 2 and 3), decoding an image is performed
by starling with an arbitrary initial image, and iterating
the transformations until the fixed point is reached. This
process is shown for an encoding of “tank farm” in fig-
ure 5. The compression of this image was 8.66:1, and the

PSNR = —20log (M4S=r) = 33.6 dB.

4. APPLICATION TO DTED

Application of image compression to geographic map
data is of particular interest to the Navy. (M@Q
data comes in a variety of formats, and there has been ex-

————————y

tensive work done in compressing map databases for vari-

ous applications. In this section, the problem of compres-
— =
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Figure 4. Part of the encoding process.

sion of the Digital Terrain Elevation Database (DTED)
is addressed. The database consists of elevation data for
a grid of longitude-latitude coordinates where the grid
points are roughly 100 meters apart. A complete deacrip-
tion of DTED can be obtained [rom the Defence Mapping
Agency. Alward and Nicholls [9] examined hierarchical
data structures as applied to DTED. The data structures

result in some data compression, although compreasion

was not the primary goal of that investigation. In this
section, the problem of interest is evaluating the perfor-
mance of the iterated transform (I'T) method on DTED.
This would be useful for applications where data compres-
sion is the primary concern, and issues such as hierarchical
structure, access time, and decoding time are of secondary

importance. As a means of evaluation, the DTED images

Figurn 5, Taitial isaage, firet ltcrate, second ilérate, 1nd teath
iterate for an encoding of the “tank farm” tmage.

were also compreased with an ADCT and mean residual
vector quantization algorithm (MRVQ). DTED data can
be thought of in terms of a gray scale image where the lon-
gitude and latitude identify the pixel, and the clevation is
the pixel value. For the purpose of possible Navy applica-
tion, the data were transformed from their origingl linear
scale between 0 and 10000 meters, to a 1ognri§l;rliic scale
betwoen 0 and 255. The quantization rcsuléa in a cotupres-
sion from 14 bits per datapoint to 8 bita per datapoiat,
This logarithmic scale, shown in figure 6, reprmeﬁtn_low_cr
elevations more accurately than higher elevations, the rs-
tionale for this being that lower elevations areas are mare
likely to be important for Navy spplications, and that
nearly sll of the earth’s surface (pnrticululy near const-

lines) is al relatively low elevation.

The iterated transform algorithm was identical to that
used in reference 6 except for one signiﬁ'cnﬁt modifics
tion. The algorithm was modified to encade sectionu of the
image on coastlines with increased accuracy. 'Fof imiage
sections that contained coastline, the’ error- critéfia was
tightened. This resulted in more scgmentation, and there-
fore higher fidelity in these areas. The ADCT algorittim
used was similar to that described by Chen and Peatt
{10}, except for a modification similar to that described
above for the iterated transform algorithm. To encode
coastlines more accurately, the decision level qhmtil&
table was compressed for sections of the imago on cout-
lines. Improving the fidelity at the coantlines resulted ins

48.2.4
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decrease in the overall compression-fidelity performance.
The MRVQ algorithm used was based on the method de-
scribed by Linde et al. [11]). Codebooks were generated
from 2 sections of DTED similar to (but not including)
the section tested.

The compression methods being considered are prop-
erly applied to images with a dynamic range appropriate
to the number of bits used to store the image, and a rel-
atively amooth distribution of gray level intensity values
over this range. In figure 7, the 512 x 512 section of
DTED, which is 1* east of that section shown in figure 8
is displayed where sea level is displayed in gray, all pixels
with an elevation that is a multiple of 100 (% 2) are dis-
played in black, and all other elevations being displayed in
white. It appears that the majority of the data contained
in this section of DTED were created from 100-meter con-
tour maps, the result being that a disproportionate num-
ber of datapoints are at multiples of 100 meters. In the
southeast corner of the map, it can be seen that the num-
ber of points at 100 meters are far more dispersed. In
this section of the map, roughly the number of datapoints
that would be expected based on random elevations are
present. The biased quantization illustrated by figure 7 is
evident in other sections of DTED.

Because of this biased quantization, the reconstructed
image resulting from compressed encodings will have a

smoother distribution of pixel values than the original im-

48.2.5
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Figure 7. Pixels of value 100 +2 meters.

Table 1. Results for encodings of figure 8.

Method | Compression | PSNR(dB) Figure
IT 44.86:1 32.08
IT 21.49:1 35.08 9
ADCT 47.33:1 30.51
ADCT 21.08:1 34.92 10
MRVQ 32.00:1 31.36 11

Table 3. Resulta for encodings of figure 12,

Method | Compression | PSNR{d B) [ Figure
IT 104.11:1 34.09
IT 42.08:1 39.03 13
ADCT 75.53:1 33.86
ADCT 43.76:1 38.14 14
MRVQ 32.00:1 36.93 15

age. This will lead to an artificially poorer measured fi-
delity of the encoded images. fn areas of DTED where
the dala are “properly” digitized, this situation will not
occur. Because not all the data are quantized at a course
resolution, but only most of it, taking advantage of this
quantizalion ia not simple. Although it bas not been done
here, before applying losay compression techniques such as
iterated transforms, ADCT, or VQ, requantization of the
data in such a way that the majority of the datapoints re-
tain their correct values could result in overa]l improved

performance.

Tests in this section were performed on two 512 x §12

Reproduced with permission of copyright owner. Further reprodicction prohibited.
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Figure 14 . The decoded ADCT imagg ¢f figure 12.
N s - Lo

Figare 11 . The decoded MRVQ imege of figare 8. Figure 15 . The decoded MRVQ Im_a‘l:‘i:‘lf figare 12.
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sections located in the fiords of Norway. These test images
are shown in figures 8 and 12. Figure 8 covers the section
of the earth from 5° to 5* 25.6’ east and 61° to 61° 12.8°
north and figure 12 the section from 6° to 6° 25.6° enst
and 61° 12.8’ to 81° 25.6’ north. These aections of DTED
were chosen because the topology of the fiords served as a
severe test of the fidelity of the compression methods. A
more thorough study where a broad arca of the database
containing a representative amount of flat and mountain-
ous regions would be necessary in determining the com-
pression and fidelity possible for the complete database

Figures 9, 10, and 11 show gray scale reconstructed
images from typical encodings of the image in Agure 8 us-
ing iterated transforms, ADCT, and MRVQ respectively.
Similarly, figures 13, 14, and 15 show reconstructed im-
ages from encodings of the image in figure 12. The fidelity
and compression of these (and other) encodings are sum-

marized in tables 1 and 2.

5. CONCLUSIONS

The compression versus fidelity results indicate that Lhe
iterated transform algorithm performed well when com-
pared with the ADCT and MRVQ methods. Other im-
portant factors to consider when comparing these com-
pression algorithma are access time, decoding time, and
encoding time. Iterated transforms, slong with ADCT are
variable bit-rate methods, which would resuit in slower
access times than the fixed bit rate MRVQ algorithm. It-
erated transform encoding requires an extensive search
procedure, making it slower than MRVQ, which also re-
quires a search, albeit a shorter one. Iterated iransform
encoding is also slower than ADCT, which requires only a
transformation and quantization. For most applications,
encoding would be a one-time procedure; therefore, en-
coding time would not necessarily be an important con-
cern. If an application required all or a large fraction
of DTED bc. encoded, then the computer costs for en-
coding become significant. For many applications, the
speed of decoding an image might be a critical require-
ment. The decoding for iterated transforms is a simple
iteration, making it faster than ADCT (where decoding
takes as long as encoding), and slower than MRVQ, which

is essentially a table lookup,

48.2.7
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Exarniner and Applicant did not discuss the following amendments, Applicant believes
these amendments have no affect on the allowability of this case. If the Examiner
determines that these amendments affect the allowability of this case, Applicant requests the
Examiner contact the Applicant. Applicant would like to thank the Examiner for the
thorough search performed in this case, as well as the Examiner’s effort in understanding
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AMENDMENT

/
In the Claims: /

Please replace «93" in line 1 of claim 31 with --38--.
Please replace 23" in line 1 of claim 32 with --38--.

Please delete “by” from the last line of claim 39.

REMARK

Claims 1-28 and 31-39 remain in the application. No claims have been canceled.
Claims 31 and 32 have been amended.

Prior to this amendment, claims 31 and 32 were mistakenly left dependent upon the
wrong claim. By this amendment, claims 31 and 32 are now dependent on allowable claim
38. Forthe Examminer’s convenience, Applicant points ont that claims 33 and 35 are
dependent on claim 31, while claim 34 is dependent on claim 32. If the Examinet
determines that these amendments affcct the allowability of this case. Applicant requests the

Examiner contact the Applicant, who will promptly fix or cancel these claims.

35 U.S.C. §103 rejection, over Beckwith in view of Behensky

The Examiner has rejected Claims 1-12, 14-28, and 31-39 under 35 U.S.C. §103
as being obvious aver Begkwith, et al. ("Beckwith”) in view of Behensky. ef al.
(“Behensky) or a brochure from Atari Game Corp. (Hard Driving) or a brochure from
Atari Game Corp. (Steel Talons) and further in view of Ulrich, or Jacobs et al., or Rgymer
gt gl or Patrigk. Ast© Beckwith, Behensky, and the twa Atari brochures, the Applicant
incorporates herein by reference the arguments made in the Response After Pinal submitted
in the parent application on July 10, 1995, and entered in this applicaton by the
Preliminary Amendment filed on October 18,1995, As stated in the Response filed on
July 10, 1995, the Beckwith, Behensky, and two Atarj Game Corp. brochures, taken
individually or in combination, do not teach or make obvious a polygon databasce

01417
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(cprcscndng real terrestrial terrain where that polygon database was gencratcd from
elevation data of real terrestrial terrain (see Claim 1,7, and 36). As agreed upon by the
Examiner and Applicant, Ulrich, Jacobs et al. Rayrmer ¢t al., and Patrick, taken
individually or in combination, also do not 1each or make obvious the polygon database
contained in claims 1,7, and 36. Since none of the references cited in this rejection,
individually or in combination, teach or make obvious the invention as claimed, Applicant
respectfully requests the Examiner allow claims 1, 7, and 36 as agreed upon by the
Examiner and Applicant. Although Applicant argues around references cited in this
rejection, Applicant does not concede that there is a suggestion to combine these references.

Claims 2-6, 8-12, 14-15, 17-18, 20-21, 23-24, 26-28, 31-35, and 37-39 of
Applicants present invention are each dependent on onc of allowable base claims 1, 7, and
36. For at least these reasons, it is respectfully submitted that. the rejected cluims are

allowable over the cited prior art.

35 U.S.C. $103 rejection, aver Beckwith in view of Behensky, and further in view of the
sales brochure from the Palhemus Company

The Examiner has rejected Claim 13 under 35 U.S.C. §103 as being obvious over
Beckwith and Behensky in view of the sales brochure from the Poihemus Company. As
previously stated, the Beckwith and Behensky references, 1aken individually or in
combination, do not teach or make obvious a polygon database represcnting real terrestrial
terrain where that polygon Jatabase is generated from elevation data of real terrestrial terrain
(sec Claim 13). As stated in the Office Action mailed January 22, 1996, the sales brochure
from the Polhemus Company “suggests the commercial available [sic] of a position and
orientation sensor which can be used on a head mounted display”. The brochure from
Polhemus Campany clearly does not teach or make obvious the above-described polygon
‘database. Since none of the references cited in this rejection, individually or in

combination, reach or make obvious the invention as claimed, Applicant respectfully
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request the Examiner allow claim 13 as agreed upon by the Examiper and Applicant.
Although Applicant argues around references cited in this rejection, Applhcant does not
concede that there is a suggestion to combine these references.

Claims 16, 19, 22, and 25 are each dependent on independent claim 13. For at
least these reasons, it is respectfully submitted that these rejected claims are allowable over
the cited prior art.

Conclusion

As agreed upon by the Examiner and the Applicant, the rejections have been
overcome and the claims ate now in condition for allowance. Accordingly, Applicant
respectfully requests reconsideration of this application, withdrawal of the objection, and

allowance of the claims.

Inviwation for a telephone interview
The Examiner is invited to call the undersigned at 408-720-8538 if there remains

any issue with allowance of this case.

Charge our Deposit Accouns

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

Respectfully

BL FE/XAYLOR & ZAFMAN

Date: , 1996

A
Dan@l M. DeVos U 7
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

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

Attorney Docket # 02035.P002C

Application No.: 08/513,298 O 1 4 }.
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Serial No.: 08/513,298 2
Art Unit: 2304

I. EXAMINER'S STATEMENT OF REASONS FOR ALLOWANCE

II. This communication is an Examiner's reasons for
allowance in response to application filed on August 09, 1995,
assigned serial 08/513,298 and titled "PILOT AIDED USING

SYNTHETIC REALITY".

ITI. The following is an Examiner's statement of reasons for
the indication of allowable subject matter:

1. After carefully reviewing the application in light of
the prior art of record, the amended claims and additional search
of all the possible areas relevant to the present application a
set of related prior art have been found, but those prior art
references are not deemed strong to make the application
unpatentable. Thus, it is found that the application is now in
condition for allowance.

2. Although the prior art disclose several claimed
limitations, none of the references teach a pilot aid which uses
an aircraft's position and attitude to transform data from a
digital data base to present a pilo:t with a synthesized three
dimensional projected view of the world which includes a digital
data base comprising terrain data representing real terrestrial
terrain as at least one polygon and said terrain data genevated
from elevation data of the real terrestrial terrain (claims 1, 7,

a

13 and 36).
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Serial No.: 08/513,298 3
Art Unit: 2304

3. The closest references have been found were Beckwith et
al., Behensky et al., Ulrich , Jacobs et al., Raymer et al.,
Patrick. However, taken individually or in combination, they do
not teach or make obviocus a polygon database representing real
terrestrial terrain where that polygon database was generated
from elevation data of real terrestrial terrain.

4. Claims 1-28 and 31-39 are allowable over the prior art

of record (now renumbered as 1-37).

Iv. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to examiner
Tan Nguyen, whose telephone number is (703) 305-3755. The
examiner can normally be reached on Monday-Thursday from 7:30 AM-
6:00 PM.

1f attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Kevin J. Teska, can be
reached on (703) 305-9704. The fax phone number for this Group
is (703) 305-9564.

Any inquiry of a general nature or relating to the status of
this application sheould be directed to the Group receptionist
whose telephone number is {703) 305-38(0.

TAN NGUYEN
June 17, 1996
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Serial No.: 08/513,298 3
Art Unit: 2304

section where the subject matter and the claimed invention

were, at the time the invention was made, owned by the same

person or subject to an obligation of assignment to the same

person. 17-28, 31-35 and 38-39
5. Claims 1-12, 14-28 and 31-39 are rejected under 35 U.S.C.

§ 103 as being unpatentable over Beckwith et al (4,660,157) in
view of Behensky et al. (5,005,148) or a brochure from Atari Game
Corp. (Hard Driving') or a brochure from Atari Game Corp. (Steel
Talons) and further in view of Ulrich (an article entitle
“Tactical Mapping in Combat Aircraft"), or Jacobs et al. (an
article entitle "Fractal Image Compression Using Iterated
Transforms Applications To DTED"), or Raymer et al. (Advance
Terrain Data Processor), or Patrick (Itars Robust Demonstration
System Integration).

5.1. With respect to claims 1, 5-7, 11-12, 14-16 and
36-37, Beckwith et al. discloses a digital system for producing a
real time video display in perspective of terrain over which an
aircraft is passing on the basis of compressed digital data
stored on a cassette tape (see at least an abstract). Beckwith
et al. discloses that the system includes a position determining
means for locating the aircraft's position in three dimensions '
and an attitude determining means for determining the aircraft's
orientation in three dimensional space {see at least figure 1 and
columns 5 and 6). Beckwith et al. further discloses that the
system includes a digital data base means for storing a

compressed terrain data (see at least the abstract). Beckwith et

al. also discloses a computer means for reading compressed
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Art Unit: 2304

terrain data from the digital data base means in a controlled
manner based on the instantaneous geographical of the aircraft as
provided by the aircraft navigation computer system,
reconstructing the compressed data by suitable processing and
writing the reconstructed data into a scene memory, and then
providing a 3D perspective on the display (see at least columns 2
and 3).

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

Behensky et al., the brochures of Atari Game Corp. do not

explicitly disclose that the terrain data is generated from
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elevation data of the real terrestrial terrain. However, the
feature is well known and old (see Ulrich, Raymer et al., Jacobs
et al., and Patrick, for examples ). It would have been obvious
to one of ordinary skill in the art at the time the invention was
made to incorporate the teaching of Ulrich, Raymer et al., Jacobs
et al., and Patrick with the system of Beckwith in order to
improve the system for pilot aid by providing displaying large
gantitates of cartographic and mission data including terrain
elevation data and cultural feature data.

Thus, because of the motivation set forth above, it would
have been obvious to a person of ordinary skill in the art at the
time the invention was made to combine the teachings of Behensky
et al. or the brochure from Atari Game Corp. {Hard Driving') or
the brochure from Atari Game Corp. (Steel Talons) with the system
of Beckwith et al., and Ulrich, Raymer et al. or Jacobs et al. or
Patrick.

5.2. With respect to claims 2-3 and 8-9, Beckwith et
al. discloses the claimed invention as discussed above but does
not explicitly discloses that the pPosition determining means
comprises a standard system for retrieving and processing data
from the global positioning system and the attitude determining
means comprises a standard avionics systems. However, the use of
the standard system for retrieving and processing data from
global positioning system and the standard avionics systems are

well known effective and efficient means for determining the

~

N
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position and the orientation of the aircraft. For examples, the
Maher patent (4,485,383) shows a receiver for receiving global
positioning system and the Timothy patent shows a method for
determining the orientation of a moving object form a single GPS
receiver and producing roll, pitch, and yaw information. It
would have been obvious to one of ordinary skill in the art at
the time of the invention to utilize the global positioning
system and the standard avionics system in such a system as
taught through Beckwith et al. because it would produce high
degree of accuracy in determining the position and orientation of
the aircraft including roll, pitch, and yaw information.

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

5.4. With respect to claims 17-28, 31-35 and 38-39,
both Patrick et al. and Raymer et al. articles disclose the

detail about elevation data.

0id31
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6. Claim 13 is rejected under 35 U.S.C. § 103 as being
unpatentable over Beckwith et al and Behensky et al. as applied
to claims 1-12 above, and further in view of the sales brochure
from the Polhemus company .

Beckwith et al. and Behensky et al. disclose the claimed
invention except for a head mounted display means worn by the
pilot and an attitude determining means for determining the
orientation of the pilot's head in three dimensional space.
However, the sales bfochure from the Polhemus company suggests
the commercial available of a position and orientation sensor
which can be used on a head-mounted display. The suggestion of
the Polhemus company would have motivated one of ordinary skill
in the art to combine the teaching of Polhemus company with the
system of Beckwith et al. in order to allow the pilot to have a
complete range of motion to receive a synthesized view of the
world, a complete unhindered by the aircraft structure. Thus,
because of the motivation set forth above, it would have been
obvious to a person of ordinary skill in the art at the time the
invention was made to combine the teachings in Polhemus's

brochure and Beckwith et al. patent.

7. All claims are rejected.
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Remarks

8. Applicant's arguments filed on July 14, 1995 have been fully
considered. Upon the amended claims which contain new issue and
the further update search, new ground of rejection has been set

forth above.

9. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to examiner
Tan Nguyen, whose telephone number is (703} 305-9755. The
examiner can normally be reached on Monday-Thursday from 7:30
AM-6:00 PM.

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

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

™

TAN NGUYEN
December 16, 1995
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TACTICAL MAPPING IN COMBAT AIRCRAFT

Ulrich Buening

ESG Elextronik-Bystem-Gesallschaft abH
Munich, Federal Republia of Germany

RBSTRACT

puring the last decads Geographical
Information 8ysteama (GI8) have been in-
oreasingly used in computer aided plan-
ping and mapping. An appliocation of GIS8
in combat aircraft is tactical wapping.
Tactical mapping anables the pilot to
recognize spontaneous complaex-air-to
ground relations such as danger zonas and
dead space. Tactical information (e.g.
flight path, danger sonaes) is oombinad
with =malected geagraphical information
(e.g. rivers, contours) and displayed on
a monitor. This geographical information
and soms tactical data (e.qg. danger
gones) are derived from a GIS. The main
ampect of a tactiocsl map ia to permit the
pilot good visual interpretation of the
displayed information.

INTRODUCTION
Improved mission effectivenesa for
combat airoraft requires both pilot-

friendly generation of the target area
scenaric and an easy-to-recogniza raepre-
ssntation of the threat assessmant.
Hodern methods of computer aided mapping
praovide new ways of daveloping tactical
representation given to the pilot. A
precondition for tbis is a computar rele-
vant data-base holding geographical in-
formation.

In tha following the evaluation of “Tac-
tical Maps* is described. They are to be
regarded as possibla "display formats' in
cockpits of the future.

The graphic hardware used is Bosch’s CAD
station PIC 10060. The host computer is a
DEC VAX 750.

CH2596-5/88/0000-0074 $1.00 © 1988 1EEE
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Graphic Unit

VAX 756 fmf Dholay

Hout Conpure
PIC 000

Pigure 13 Hardware configuration used for
devaloping “Tactical Maps“

GI8 DEVELOPHENT

The first step is Adevalopmant of =a

GI8 using the DLMB~-DTED and the PACE
data-base. The ohosen taest area is the
landscape of the Black Forest (Longitude
= 8-10 degrea, Latitude = 48-49 degree).
The raw data are provided by the “Digital
Landmass B8ystem Terrain Rlevatioa Data-
B?EB" (DLM8-L1-DTED) of the Defense Map-
ping Agency (UBA) and the "Project of
Automated Charta Eurcpae® (PACE) data-base
of the Dirsctorate of Military SHurvey
{UK). The DLMB-L1~DTED data contain the
heights above a specified lavel (NN) in a
3 x 3 weeconds arc raster (3 x 6 for
1atidudes greater than 50 degraees}. The
coordinate frams 1is the World Geodetic
Aystem 1972 (wWas 72). The PACE data con-
tain all the cartographic objests (fea-
turas) needed for automated plotting of
the “Tactical Pilotage Chart* (TPC) and
the “Operational Navigation Chart" (ONC).
The faeatures are split into more than 200
catagorias. The coordinates are X,7y,
4igitizad from tha sheets of the "Joint
Operaticn Graphics* (J0G).
For the GIS the oocordinate frame of the
European Datus 1950 (ED S0) is achosen.
The ooordinates are UTM. Thus tha fol-
lowing transformations are necassary:

Reproduced with permission of copyright owner. Further reproduction prohibited.

|D1L’{st



= PACE

x(uTx)=n01+-11-i+.zx-§+::1-§-§
y(UTH)=a02+al24X+a2247+a324xey

The ocoefficients are evaluated by four
points known in %,y digitized and x,y
UTM. They are jmplicitly given {in the

data-base for each sheet.
- DLMB-~DTED
L,B,H(ED 50)=f(d;,py,m, L, B, H(WGE 72))

The veotor of rotation di' the vector of
translation p; and the scale-factor m are
the parameters naeeded for the ocoordinate
frame transformation WG8 72 to BD 50 for
the chossn area.

X,y{UTN) ,H=f(L,B) , ¥

Hence an isometric height raster im the
OTH System is eavaluated by linear inter-
polation. Por this the four heights in
the neighbourhood of the desired raster
paint are taken into acoount,

Hpop= fixg,7y,8;) 1=1,2,3,4

U

BLMS.
DTED
Bl

PROCESS

UC

PACE. | PHOCESS e

C

N

Figure 2: Development of a GIS

GEOGRAPHICAL AND TACTICAL INFORMATION

Using ths GI8 geographical and tacti-
cal information is derived and presaented
on the monitor. The scale choamen {s 1 :
250,000. On the monitor this means onae
Pixel is equal to 127 meters. The tacti-
oal information derived from the GIS |{s
sensor-coveringi

- opticeal visibility (sensor = eye of
the pillot)

- aleactrical vielblility (:ensor.=
dar, e.g. threat from a GAM-sitae)

ra-

75

Tactical information that ia not derived
from the gIs (e.g. home base), is stored
Seperately in a tactiocal data-base.

¥Yor the calculation

of the sensor-
covaringa tha earth’s curvature is taken
into aecount by the following approxi-

sation formula:

al=a2/(2eR)

Tha derived partial geographical informa-
tion comprises:

- elavation tints

~ reljef maps illuminated from saveral
directions

~ feature maps

- Peraspective views of the morphology

The elavation tints
& given height H =
shade lightans with

show tha areas above
const. The painted
haight, The relist
naps wehov a shading of the terrain {1lu-
ninated from a given direction. The best
impression {s given by illuminating from
the North-wWest.

The following features (selected from tha

PACE object-categories spacified for thae
ONC and summarized) are chomen for the
mapa:

- vaters of first ordar

-~ streets of firat ordar

= towns with more than 10,000 {nhabi-
tants

~ rallvays of first order

More information is not
interpraetation by aisplaying it
graphic monitor on this scals.

tant grid of latitude and

ba a onally o
Th pespsctiv v

practical for the
on the

'S
eva show = oentral pro-

jectian of the taerrain with and without
threat. The 3D impreseion of the morpho-
logy is given by the deformation of the

qrid-planes. The observer‘s orieantati{on
can be that of the pilot or any othar.

Paramaters neacessary for the darivation
of the geographical and tactical informa-
tion are the 3D position and the attitude
of the observer (usually the pilot).

Figure six gives a summary of the
mentioned tools,

abave-

Reproduced with permission of capyright owner. Further reproduction prohibited.
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Pigure 3: BSensor covering, dead space
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rigure 4: Barth’s curvature
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Pigure S: Central projection
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tact,
s overlays

0

feature-
maps

Gis Y roliet

—

 — parsp. viows

N

Figure &: Tools organisation chart

BXAMPLES OF “DISPLAY FORMATB"

The derived gesographical and tactical
information have to bae combined in a
manner such that the pilot is given the
best assessment in him operations. With
the exception of the perspactive views
all the information is storsd as al
data in aeveral layers of ths frams
buffer and can be #slacted by pushing a
button. The sansor covérings and the
elavation tints are ?‘TE:E%EEEET—__The
rigures to 11 show examples of dis-
Played geographiocal information aombined
with taoticel information tor applica-

tions in combat aircraft recommended by
BBG.

Reproduced with permission of copyright owner. Further reproduction prohibited.
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Yigure 7: Ralief map with elevation tinta
(670 m and 1000 m), waters and
geographic grid.
8AM covering for flight haight
100 m above tarrain, flight
path,

Figure 8: Perspsctive view of the morpho-

logy, obsaerver located at the
position L = 8%u4’, B = 48%207,
150 m above the terrain. Thraeat
shown as a red cloud.

V

Pigure 9: Kap with elevation tint (670m),
vaters, streets, towna, rail-
ways and geographic gria.

Pigure 10: Bottom: geographic information
like Figure 9 and relief 1in-

cluding the area visible for
tha pilot flying at a height
of 60 m above terrain [loocated
at the airoraft symhol).

Top: pilot’s perspeative viaw
of tha morphology.

Reproduced with permission of copyright owner. Further reproduction prohibited.



rigure 11: pesrspaective “over'-vievw af the
morphology from a desired
area. Contour lines, rough
threat environmant.

CONCLOUSION

The PACE data base and the DLMB-DTED

are suitable for new tactical representa-
tions on displays in combat afiroraft. A
great advantage of the PACE data base is
salectivity. For that a decluttering of
the information is posaibls without re-
nounce on them. If the tactical infor-
mation predominates, the geographiocal
information can be reduced successivaly.
Thus the pilot is not 1inundated with
information.
The selection of a scale larger than 1 :
200,000 is not to ba recommended, because
the oartographic generaligation of the
PACE Adata base would laad to inconsisten-
cles.
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Advanced Terrain Data Procesasor

Y
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Kris Raymer
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Abstract: The Quiet Knight Tach-
nology Demonstration Program has
developed an integrated avionics
system that greatly enhances
covert penstration capabilities
of the C-130 aircraft. The
system centers around an enhanced
digital map called the Advanced
Tarrain Data Procassor (ATDP).
The ATDP enhances covert
capability by fusing data from
different sensors and sourcaes.
Aggressive terrain following is
accomplished by blending Low
Probability of Intercapt (LPI)
Radar, Ladar, and radar altimeter
with Digital Terrain Klevation
Data (DTED). Accurate
navigation, required by terrain
following, combines data from the
INS, GPS, radar altimeter, and
DTED. Threat avoidance isa
accomplished by merging on-board
and over the horizon intelligenge
data with DTED culminating in an
automatic replan. All thrae
functions combine to provide
excellent situational awarenass
that keeps the aircraft safe from
terrain impact and enemy
engagement.

1
—

New Mexico 87113-2227

System Overviaew

The ATDP is interconnected with
multiple avionics systems to
manage the aircraft mission.
Figure 1 shows the avionica
tested during the various phases
of the program. Covert
penetration is possible due to
an aggressive terrain following
algorithm flying sat clearancas
of 150 to 1000 feet and by
minimizing emissions from the
aircraft with sophisticated
sensor control techniques.
Utilizing threat detection
methods which allow the aircraft
to detaect and locate unplanned
threats prior to exposure,
planning routes on the ground
and in-flight which minimize
exposure to all threats and
improving the crew’s situational
awareness through multiple video
displays also aid in the covert
capabilities.

ATDP Dascription

Successful mission management is
possible due to the ATDP that
fusas data from sevaral extaernal

i

T J 0 LD L]

LT 1 _

s | | macan ors .

LADAR

kowmy | o

F108

Dut

Figure 1 Quiet Knight System Diagram
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sources. Information is captured
graphically for display to the
crew and provides vehicle
management commands to both the
crew and other avionics systems.
Figure 2 is a block diagram of
the hardware which executes these
management tasks.

Display Formats

Three video outputs are generated
within the ATDP. Video Engine 1
provides the plan-view map in a
redundant RGB- format. The plan-
view map displays either paper
chart, DTED color banded, or
still-picture information.

Threat information is displayed
with translucent shading
indicating the detection or line
of sight for threats and a single
ring indicating the lethal range.
Planned threats are shaded in
white while unplanned threats are
shaded with purple. The
Intervisibility Engine calculatas
the display pixaels which must be
shaded in real-Eime based on the
terrain following set clearadnce.
Video Engine 2 provides two

—

monochrome outputs: ridgelines
and energy elaevation profiles
(EESCAN). The ridgeline display
shows aix lines at 1 nmi.
spacing with a field of view of
+/- 30 degrees. The EESCAN
display gives the pilot vertical
steering information with the
@levation line indicating the
terrain plus commandad set
clearance for the planned
aircraft route. The energy line
displays the maximum climb the
aircraft perform. Distance is
displayed logarithmically along
the x—axis from 0.1 nmi. to 20
nmi. The y-axis represents the
flight path angle from +15 to —
20 degrees. The elevation line
includes any combination of
stored DTED and obstacle
information, terrain from the
RADAR, and terrain and obstacle
data from the LADAR.

Steering Commands

The ATDP providaes paasive pitch
and roll commands to the pilot

on the ADI. The roll is based

on the preplanned route and

Y0 owu ‘—__1_:_1 - ""—] e ol md
0 AN
x: L - 55. ——
[ 1 3 - -
| B /e —
=D
-t e -
3 PrAE
1AL
- ) = e » I Ramd
=20 (== [F]=E=
Je=— 7
v d |

Figure 2 ATDP Block Diagram
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aircraft charactaristics and
attempts to minimize cross-track
errors while the pitch commands
are generated by an ADLAT )
algorithm tailored to a C-130
vehicla. Thae pitch commands

attempt to maintain the commanded
set clearance at all times.

Elavation Profile

The elevation profile input to
ADLAT for vertical steering and
the EESCAN display format is
fused from a variety of sources.
The baseline profile is based on
stored DTED data provided by the
pefense Mapping Agency. Blended
with this data is information
from forward looking sensors.
RADAR and LADAR data can be
blended into the DTED profile.
The forward looking senaors are
commanded by the ATDP to scan a
limited region ahead of the
aircraft. This blending
mechanism provides two important
enhancemants to the vehicle
management. First, by blending
sensor data with DTED, the
sansors need only scan 1.8 nmi.
ahead of the aircraft and can
reduce their emitting power. The
scan region is further limited to
the planned route which
significantly reduces the
detection probability. Secondly,
the forward looking sensor
improves flight safety concerns
by correcting or verifying the
DTED data.

Threat Avoidance

The ability to respond quickly
and efficiently to in-flight
threats is critical to
maintaining covert status. The
on—-board Electronic Support
Measures (ESM) can detect threats
prior to e ing line—of—-aigh
ESM detected threats are sent to
the Constant Source Data System
(CSDS) for correlation to the

present threat database. CSDS
also receives broadcast threat
information and performs the
sama correlation function. The
CSDS will update known threats
or issue new threats to the ATDP
as necessary. When the ATDP
receives a new threat, it
updates its database, calculates
the line-of-sight for the threat
that will be displayed on the
planview map, and determines if
evasive action is required. The
ATDP is constantly searching the
plannad route for intersections
with unplanned threats. Should
an intersection be detected
within 25 nmi. of present
poaition, an in-flight mission
replan can be invoked. The in-
flight replan is identical to
the ground based route planner
and is a modified A-Star
algorithm. The route generated
will be the lowest cost route
based on exposure to a threat’s
detection and lathal ragions,
path length, path vertical
changes, and a measure of each
point on the path’s
vulnerability.

Navigation

An highly accurate navigation
solution is key to safely
executing the previous
functions. The ATDP includes an
18 state Kalman filter that
blends INS, GPS, and terrain
referenced measurements to
correct for INS errors. The
incorporation of both GPS and
terrain referenced measurements
gives this navigation filter the
unique ability to correct for
errors in the DTED database,
further improving safaety of
flight.
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Summary

The ATDP is a vehicle management
system. It controls the scan
patterns and power of the forward
looking sensors. It also issues
steering commands along a planned
route which minimize exposure to
threats and has been determined
to be safe for low level terrain
following. The aircraft
survivability is dramatically
improved since the ingress,
mission task, and egress have
been made safer due to the
enhanced situational awareness
and improved terrain following.
This system increases the
likelihood that both the aircraft
and its crew will return from
each and avery mission, and that
is a feature whose value is
immeasurable.

630 01442
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ITARS ROBUST DEMONSTRATION
SYSTEM INTEGRATION

Mr. Ray Patrick
Mr. G. Mel Barney

Merit Technology Incorporated
Plano,

Abstract

With the avallability of Digital Terrain
Elsvation Data (DTED), mass storage
systens such as the ITARS, have been
devaloped for use in avionics applications
requiring real-time access to large
amounts of DTED data. Mearit Technology
has developed an avionics simulation that
intsrfaces diractly to DTED mass storage
systems.

Under a subcontract with Hughes Alrcraft
Corporation, Merit Technology has
devalopaed this simulation system with a
direct interface to the ITARS digital map.
The eystem, known as the Robust
Demonstration System (RDS) effectivaly
demonstrates how ITARS digital terrain
data could be used by aircraft of the
future involving Terrain Following,
Tarrain Avoidance and SITAMN avionics
algorithms. This paper describes the
ITARS/RDS system architecturs, integration
rasults, and areas of possible
improvenment.

INTRODUCTION

With the advent of Terrain Following
radar, a new braeed of navigation
subsystems has emerged that requires
accurata and detailed knowledga about
surrounding terrain. Early TF aystems
relied antiraly on elevation data measuraed
by return signals form an onboard radar.
such systems allowed aircraft to fly
safely at very low altitudes with littla
or no pilot intervention. The drawback of
this method, however, was that a aizable
radar signature was produced from the
radiation emitted from the TF radar.
Within the last tan years, large scala
digital terrain elevation data (DTED)
storage systems have bacome a reality and
have the potential to greatly improve TF
systams, as well as make feasible othar
avionic algorithms such as terrain
avoldance, terrain navigation, and threat
avoldanca.

The ITARS is an airborns digital map
system that &tores, manages and displays
large quantitataes of cartographic and
migsion data including (but not 1limited
to} terrain elevation data and cultural
—_—

83
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feature data. This data is maintained by
the system and made available to various
avionics subaystems.

The ITARS Robuts Demonstration BSystes
(RDS) provides a realistic set of avionics
subsystems that exercise tha ITARS's
ability to manage and distribute terrain
slavation, and cultural feature data. The

RDS provides Navigation, Terrain
Following, and Terrain Avoidanca/Threat
Avoldance subsystems along with an

aircraft flight model, threat assessment
model, RDS to ITARS oommunication,
joystick flight controls, and a
user-friendly scenario generation
interface. The system {s configured with
commercially availabla components
including two MicroVAXs and an IBM PC/AT.

ITARS/RDS Systenm Overview
Functional daescription of ITARS

Tha ITARS is deaigned to interact with
three primary avionic subsyatems which
require timely access to digital terrain
and featura data. These subsystems are
known as "users* and consist of a
Navigation user, Tarrain Following user,
and Terrain Avoldance/Threat Avoidance
user. Communication baetwean the ITARS and
theae user subeystems is accomplished with
medsagas sent over two communication
paths, ITARS control, atatus and fault
isolation messages travel along a MIL-STD
155]? data bus. Largaer mesgagaes
(typically ocutput data racaived from the
ITARS) traval along a High Spead Data Hus
{HSDB) . As ourrently mplemanted, <the
HSDB ie an Ethernet data link.

As shown in Figure 1, tarrain data is sent
to these usera in tha form of Terrain
Output Mesaages which contain elevation
data points measured in meters abova
8sa-level and are organized as North Up
blocks af 16 by 16 pointa. Por thae
Navigation and TP user, each block is 48
arcsaconds on a side (resulting in a point
ragolution of 1 arcseconds) . For the
TA/ThA user, each block ia 240 arcseconds
on a slde (resulting in a point resolution
of 15 arcaseconda). Each user racaives an

CH2596-5/88/0000-0083 $1.00 © 1988 IEEE
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Area Load of data which conslats of a
series of Dblocks organized in a two
dimensional manner. This area load
contains eleyation data for an area
surrounding the current alrcraft position.
The eize of tha area 1load, as well as the
rate at which it is sent to each user is
specifieda in the ITARS User Regquest
Message, Feature data 1is sent to each
user in tha form of Feature Output
Messages. Tha area for which features are
supplied, 1is the area covered by the
user's terrain area load.

N —

PLEYT

e e s e

Figure ). ITARS Tarrain Output Data

Positional information is sent to the
ITARS in the form of a Navigation/Alrcraft
State Vector Message. This message
contains the position, as well as tha
current heading, pltch, and ground speed
of the aircraft.

Threat features and waypeint information
may be introduced into the ITARS with the
ITARS Point Feature/Mission Data Message.
This message, in conjunction with the
Alrcraft State Vector message, allows the
pilot to designate a point on the ITARS

diaplay. Table 1 summarizes the major

ITARS messages used by RDS.

Message Type Description

Alrcraft State Vector 15538 Provides
positional
information

to tha ITARS
User Request Messagae 15538 Specifies
which usars
are active
and the size
and rate of
area loads

Point/Feature Message 15538 Provide
threat and

waypolnt
information
to ITARS (at
any tima)

84

Tarrain Output Message HSDB Provides
tarrain data
to the RDS
Feature Output Message HSDB Providas
feature data
to the RDS

Table 1. RDS/ITARS Messages

In addition to managing data, the ITARS
can simultaneously generate two situation
displays. These displays are full calor
raster views of data stored within the
system, with a great deal of control
possible aver each image rendered.
Typical formats for these displays include
a8 perspective {out the window) view and a
plan view with contour and shaded relief
map optiona.

Functional description of the RDS

The RDS software aimulates the user
subsystems communicating with the ITARS
and provides a scaenarioc generation
capability to define waypoints, threats,
and means of flight control (autopilot or
joystick). In addition, the user may
specify the size and rate of araa loads to
be recelved from the ITARS. Thea systen
also includem a Route Planning algorithm
which is exacuted ir Terrain
Avoidance/Threat Avoidance is anabled.

Once the scenario is constructed, waypoint
and threat information ia sent to the
ITARS with an ITARS Point/Feature Mission
Data Message. Selected wuser algorithms,
as well as the size and desired update
rates of designated area locads is sent to
the ITARS with the ITARS User Request

Message. An  initial aircraft poaition
(corresponding to the first defined
waypoint) ie sent to the ITARS with an

ITARS Alrcraftt State Vector. After
receiving these messages, the ITARS starts
data transmission to the enabled user
Bubsystems. This data is continually sant
by the ITARS and 1is recelved by each user
subsyatem which maintains a double-buffer
of raceivad area loads. The TA/ThA area
is handled differently in that it 18 sunt
on demand (i.e. when the User Request
Message is sent to the ITARS) and contains
data for the entire ITARS gaming area,
The RDS uses this data to perform threat
masking calculations as well as Terrain
Avoidance/Threat Avoidance computatijons.

Whaen the flight simulation is started, the
RDS flight model simulates the movement of
an  A-? aircraft through the sat of
designated waypoints. A8 each flignht
position ia computed, an alrcraft statae
vector message i3 constructed and sent tao
the ITARS. To maintain an acceptablae
update rate, the RDS interpolates batween

Reproduced with permission of copyright owner. Further reproduction prohibited,
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flight modal positions resulting in
sevaral aircraft state vactors for each
tlight model position derived.

The flight simulation 1is monitored with
the RDS console. An aircraft symbol is
displayed on the gaming region map and
movaes from waypoint to waypoint The
diasplay also maintaina a separate window
for monitoring ITARS to RDS message
craffic.

Internal RDS organization

As shown in Figure 2, the user algorithms,

the flight model, and the ITARS
communication software are organized into
separate processes coexist on two
microVAXs. Bach proceas ia a

self-contained program that is controlled
by the main process (which also contains
the flight model and route planner). Each
process 1is highly independent of the
others, with communication betwaen each
process being accomplished using Digital
Equipment's DECNET eoftware. The software
{s partitioned across both =microVAXs
according te mamory, throughput and
hardvare interface requirements.

Figure 3 illustrates the hardware
configuration of the RDS system and its
relationship with the ITARS. The user
interacts with the sydtem using tha IBM
PC/AT keyboard and mouse. The PC monitor
is a high reaolution color display (1024
by 800 pixels) driven by a high resolution
graphics controller (VHMI-1024). buring
the simulation flight, the usaer may
manauvar the aircraft using the joystick
connectad to the MicroVAX., In addition to
the microVAxX, a separate IBM PC/AT called

:::,um. il
= - =

. ——

e ah ot

Figura 2. RDS Internal Organization
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Figqure 3. RDS Hardware Configuration

the flightline PC is also connectad to the
1553, Thia PC saends ITARS Mode Control
Messages and Point Features Messages to the
ITARS. Mode control masaages control the
ITARS mode of operation, allowing the user
ta alter the view on either of the ITARS
diasplays.

All ITARS communication is handlad by ona
program called the Brass Board process.
This progrea provides both a 1553B and
Etharnat communication 1link with the
ITARS. Messages sent to the ITARS fron
the RDS are firet routed to the Brass
Board process via DECNET and mailbox
communication links (a form of
interprocess communication}). The
Brass Board proceas examines the nessage
header to detarmine which 1553 subaddresa
the mesgsagas should be aent to. The
measage 18 then forwarded to the ITARS.
The Brass Board subprocess acts as the Bue
Maater for the entirs 1553 data bus,
coordinating all message traffic including
mnode nessage and polnt/feature nessage

tratfic originating from the Hughes
flightline ecC,
The Brass Board process asychronously

forwarda 1553B meseanges to the ITARS while
managing incoming data from the Etharnat
link. When a message is recaived from the
ethernet 1link, tha system performs a
validity check on the message and then
parses the message header to determine
which usaer subsystem should raceive the
message. The message 18 then forwardad to
the correct user via DECNET or a mailbox
communication link. Each time an area
load of data is recaeived by the Braas
B8oard process, a meaasage is sant to thae
RDS main task detailing the size and type
of area load received. The main task
forwards this maessage to the PC/AT
softwara for display on ths screaen. This
machaniam allowa the oparator to wmonitor
incoming data from the ITARS.

Each usa aubsystem interfaces with the
Brass Board procesa with a set of routinas
known as the ITAns Lata Interface Routines
(IDIR) (sea Figure 2;. These routines

Reproduced with permission of copyright owner. Further reproduction prohibited.
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From: Galus, Helen M. (LARC-B2)

Sent: Thursday, July 17, 2008 11:55 AM

To: Rotella, Robert F. (HQ-MAO0QO)

Cc: Blackburn, Linda B. (LARC-B2); Bayer, Kathy (HQ-MC000)

Subject: File wrapper for 5,904,724

Attachments: PAT-00016 Margolin - 5,904,724 - A (L.0062064).PDF; PAT-00016 Margolin - 5,904,724 - B

(L0062065).PDF; PAT-00016 Margolin - 5,904,724 - C (L0062079).PDF; PAT-00016 Margolin
- 5,904,724 - D (L0062080).PDF; PAT-00016 Margolin - 5,904,724 - E (L0062081).PDF;
PAT-00016 Margolin - 5,904,724 - E1 (L0062083).PDF; PAT-00016 Margolin - 5,904,724 - F
(L0062084).PDF; PAT-00016 Margolin - 5,904,724 - G (1.0062085).PDF; PAT-00016 Margolin
- 5,904,724 - G2 (L0062086).PDF

Bob,

I just realized, looking at the document names, that we actually have TWO file wrappers in our possession, one for 5,566,073 as well
as the file wrapper for Margolin's second patent No. 5,904,724,

Thus, my last email incorrectly stated it was only the first half of the file wrapper, when in fact it was the complete file wrapper for
5,566,073; attached hereto is the complete file wrapper for Patent No. 5,904,724,

Sorry for the confusion. (I will resend my first email listing the documents we have with a note to include the second file wrapper on
the list.)

Thanks,
Helen

Helen M. Galus

Patent Attorney .
Office of Chief Counsel

[_angley Research Center i
. ole>

e-mail: Helen.M.Galus@nasa.gov

This email message 1s for the sole use ol the intended recipient(s) and may contain confidential and/or privileged intormation.
NOTICE: Any review. use, disclosure or distribution by persons or entities other than the intended reciptent(s) is prohibited. If vou are
not the intended recipient, please contact the sender by reply and destroy all copies of the ortginal message. Thank vou.
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[57) ABSTRACT

A method and apparatus that allows a remote aircrafi to be
controlled by a remotely located pilot who is presented with
a synthesized three-dimensional projected view representing
the environment around the remote aircraft. According 10
one aspect of the invention, a remote aircraft transmits its
three-dimensional position and orientation 10 a remote pilot
station. The remote pilot station applies this information to
a digilal dalabase containing a three dimensional description
of the eavironment around the remote aircrafl 1o present the
femote piot with a three dimensional projected view of this
environment. The remote pilot reacts to this view and
interacts with the pilot controls, whose signals arc transmit-
ted back to the remote aircraft. In addition, the syslem
compensates for the commuaications delay between the
remoie aircraft and the remote pilot station by controlling
the sensitivity of the pilot controls.

20 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

BACKGROUND OF THE INVENTION—CROSS
REFERENCES TO RELATED APPLICATIONS

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

1. Field of Invention

This invention relates to the field of remotely piloted
vehicles (RPVs) and unmanned aerial vehicles (UAVs),
2. Discussion of Prior Ant

RPVs can be used for any number of purposes. For
example, there is a large organization that promotes the use
of remote controlled planes. Certain RPVs are controlled by
viewing the plane with the naked eye and using a hand held
controller to control its flight Other RPVs are controlled by
a remole pilot using simple joysticks while watching the
video produced by a camera in the remote aircrafi. This
camera is also used to produce the reconnaissance video.
There are tradeoffs involving the resolution of the video, the
rate at which the video is updated, and the bandwidth needed
1o transmit il. The wider the bandwidth the more difficult it
is to secure the signal. The freedom to balance these
tradeoffs is limited because this video is also used to pilot the
aircraft and must therefore be updated frequently.

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

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

SUMMARY

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

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

The remote pilot responds to the information and manipu-
lates the remote flight controls, whose positions and forces
are transmitted 10 the remote aircraft. Since the amount of
data is small, it can be readily secured through encryption
and spreadspectrum techniques.

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

The delay 1o the control ink must be minimized in order
that the remote aircraft can be properly flown. The system
can measure the link delay and make this information
available to the pilot. This delay hink mcasurement can also
be used to modify the control software through which the
remote pilot flies the remote aircraft. This is to prevent
pilot-induced-oscillation.

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

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

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

A second embodiment uses a head mounted display for
the remote pilot instead of a standard display. This permits
the remote station to be made more compact so that it can be
used in a2 wider variety of installations. An example would
be in a manped aircraft flying several bundred miles away.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by referring to the
following description and accompanying drawings which
illustraie the invention. In the drawings:

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

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

FIG. 3 is a block diagram of a remote aircraft according
to one embodiment of the inveation.

FIG. 4 15 a block diagram of a remote pilot station
according to one embodiment of the invention.

FIG. 5 15 a block diagram of a remote pilot station
according to another embodiment of the invention.

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

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

In the following description, numerous specific details are
set forth 1o provide a thorough understanding of the inven-
tion. However, it is understood that the invention may be
practiced without these specific details. In other instances,
well-known circuits, structures and techniques have not
been shown in detail in order not to obscure the invention.

A method and apparatus is described that allows a remote
aircraft to be controlled by a remoiely located pilot who is
presented with a synthesized three-dimensional projected
view representing the environment around the remote air-
craft. Since the video from a reconnaissance camera located
on the remote aircraft is not used to pilot the remote aircraft,
the amount of data transmitted between the remote aircraft
and the remote pilot is small. This provides greater flexibil-
ity in how the remote aircraft is used and allows the
transmitted data to be made more securc. The remote aircraft
may be of any type, for cxample a remote cobtrol plaoe or
helicopter as used by recreational enthusiast.

FIG. 1 is a general illustration showing a remote pilot at
a remote pilot station operating a remote aircraft according
to one embodiment of the invention. FIG. 1 shows Remote
Pilot 102 interacting with Remote Pilot Station 101 and
controlling Remote Aircraft 103. Remote Pilot Station 161
and Remote Aircraft 103 respectively include an Antenna
104 and an Antenna 105 for communicating Information
106.

In one embodiment, Information 106 includes status
information concerning the status of Remote Aircraft 103
and flight coatrol information for controlling the flight of
Remote Aircraft 103. The status information is generated by
Remote Aircraft 103 and includes the three dimensional
position and the orientation (also termed attitude, and com-
prising heading, roll, pitch) of Remote Aircraft 103. The
status information may also include information concerning
the Hight surfaces, the engine, an additional altitude reading,
etc. Remote Pilot Station 101 uses this status information to
retrieve data from a Digital Database 107 which contains a
three-dimensional description of terrain and manmade struc-
tures over which Remote Aircraft 103 is flying. Based on the
three dimensional data retrieved from Digital Database 107,
Remote Pilot Station 101 projects a synthesized three-
dimensional projected view of the terrain and manmade
structures in the vicinity of Remote Aircraft 103. Based on
this view of the terrain and manmade structures, the Remote
Pilot Station 101, on its own and/or in response to input from
Remote Pilot 102, generates and trapsmits flight coantrol
information to Remote Aircraft 103 which adjusts its flight
accordingly.

In one embodiment, the Remote Aircraft 103 is a remote
controlled plane or helicopter used for recreational purposes.
Since remote controlled planes and helicopters tend to be
small 1a stze, the circuitry in such remote aircraft to generate
and receive Information 106 is minimized. Ino such systems,
the Remote Pilot Station 101 may be implemented by
including additional attachments to an existing portable
computer. This allows the user to easily transport the remote
aircraft and pilot station to an appropriate location for flight.

F1G. 2 is a block diagram showing a bi-directional com-
munications link between a remote pilot station and a remote
aircraft according to one embodiment of the invention. FIG.
2 shows Communications Transceiver 201 coupled to
Antenna 104 of Recmote Pilot Station 101, as well as
Communications Transceiver 204 coupled 10 Antenna 105
of Remote Aircraft 103, In addition, FIG. 2 shows Informa-
tion 106 being commuunicated between Antenna 104 and
Antenna 105.

4

FI1G. 3 is a block diagram of a remote aircraft unit used in
the remote awrcraft according to onc embodiment of the
invention. FIG. 3 shows Remote Aircraft Unit 300 including
Computer 308 coupled to GPS Receiver 301, Turn-and-bank

5 Indicator 302, Gyrocompass 303, Communications Trans-
ceiver 204, Aircraft Engine and Sensors 309, and Aircraft

Flight Surfaces and Sensors 310. GPS Receiver 301 receives

signals from the satellites that make up the global position-

ing system (GPS) and calculates the aircraft’s position in
10 three dimensions. Tum-and-bank Indicator 302 and Gyro-
compass 303 provide the aircraft’s orientation which com-
prises heading, roll, and pitch. This data is sent to Computer

308 for transformation into the previously described status

information. Computer 308 transmits this status information
15 to Communications Transceiver 204 which produces a radio

signal and supplies il 10 Antenna 105.

The Aircraft Engine and Sensors 309 are coupled 1o
control the aircraft’s engine, while the Aircraft Flight Sur-
faces and Sensors 316 are coupled to control the aircraft’s

20 flight surfaces. The flight control information is received
from the remote pilot station by Computer 308 through

Antenna 105 and Communications Traasceiver 204. This

flight control information is processed by Computer 308 into

the necessary signals for transmission to Aircraft Enginc and
25 Sensors 309 and Aircraft Flight Surfaces and Sensors 310 o
control the aircraft’s engine and flight surfaces, respectively.

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

later described with reference to FIG. 4.

In order to protect against ECM, the communications link

30 between the Remote Pilot Station 101 and the Remote
Aircraft 103 may be secured. While any number of different
techniques may be used to secure this link, in one embodi-
ment Computer 308 is implemented to encrypttdecrypt the
data transmiticd and Comimunications Transceiver 204 is
implemented to use spread spectrum techniques.

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

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

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

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

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

60 for later transmission.
4. The video may be transmitted through a separatc
communications link.
5. There may be multiple video cameras.
Infrared Video Camera System 306 is similar to Video
s Camera System 305 and has the same operating modes.

Radar 307 in Remote Alrcraft 103 may be passive or

active. It may scan a particular pattern or it may track a
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selected object. Radar 307 may consist of several Radar
units. The information from Radar 307 is processed by
Computer 308 so that only the desired information is trans-
mitled over the communication link to the Remote Pilot
Station 101 for display.

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

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

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

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

Flight Control

To illustrate the operation of the remote aircraft, a fixed-
wing airplane will be described as an example. However, the
basic principles apply to other types of aircraft as well. The
basic control surfaces of an airplane consist of the ailerons,
the horizontal elevators, and the rudder. The ailerons are
moved differentially (one up, one down) to rotate the air-
plane around its roll axis; the horizonial elevators cause the
airplane to rotate around its pitch axis; and the rudder causcs
the airplane to rotate around its yaw axis.

When the ailerons are used to modify the lift character-
istics of the wings, one wing creates more lift while the other
wing creates less lifi. This also changes the drag character-
istics of the wings and results in a yaw force that is opposile
to the yaw force thal results from the tail section causing the
airplanc to weather-cock into the relative wind. It is this yaw
force caused by the airplane weather-cocking into the rela-
tive wind that causes 2 banked airplane to turn. The opposite
yaw force produced by using the ailerons is called adverse
yaw; the rudder control is used to counteract this force to
produce a coordinated turn.

The simplest type of flight control consists of 2 joystick
and a set of rudder pedals. The conirols are directly con-
nected to the flight control surfaces. With a joystick, moving
the stick left and right moves the ailerons, while moving the
stick forward and backward moves the horizontal elevators.
The rudder is controlled by two foot pedals, one for each
foot, that are mounted on 2 common shaft and hinged in the
middle like a seesaw. Pressing one foot pedal forward causes
the other foot pedal to move backward and causes the rudder
to also move in one direction. Pressing the other foot pedal
causes it to move forward and the opposite pedal to move
backward and causes the rudder to move in the opposite
direction.

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

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

Direct Control Non-Remotely Piloted Vehicles

When the flight controls arc connected directly to the
control surfaces the result is a second order system. Using
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the joystick as an example, moving the joystick left or right
establishes a roll rate. The airplane continues 1o roll untii the
joystick is returned to the center position, after which the
airplane remains in the bank angle thus established. The foot
pedals are used to counteract the adverse yaw as previously
described. Moving the joystick forward or backward estab-
lishes a pitch rate. The airplane continues to pitch until the
joystick is returned to the center position, after which the
airplane remains in the pitch angle thus established. Both the
roll rate and the pitch rate are subject 1o the limits of the
airplane’s design.

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

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

Computcf Mediated Non-Remotely Piloted Vehicles

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

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

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

Second Order RPV Flight Control Mode

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

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

First Order RPV Flight Control Mode

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

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

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

Referring again to FIG. 4, Computer 405 may optionally
be coupled 1o Control Panel 402, Keyboard 403, Simulation
Port 404, Video Interface 410, VCR 411, and/or Video
Display 412. In one embodiment, Coatrol Panel 402 con-
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tains specialized lights, displays, and switches 10 allow a
quicker response o situations than can be provided by
Keyboard 403. Control Pane! 402 can be arranged to
approximate the look and feel of an actual aircraft cockpit,
Keyboard 463 allows the remote pilot 1o select various
operating modes. For training purposes, Sirulation Port 404
allows the remote pilot station 1o be connected to a remote
aircrafl simulator instead of an actual remote aircraft. The
remote aircraft simulator will be further described with
reference to FIG. 6. Storage Device 409 allows the flight
dala 10 be recorded. During playback ihis previously
recorded data 1s substituted for real-time data from the
remote aircraft to replay the mission for analysis. Any video
received from any reconnaissance cameras on the Remote
Aircraft 103 is converted by Video lnterface 410 so that it
can be rccorded on VCR 411 and displayed on Video
Display 412. VCR 411 can also operate in straight-through
mode so that the reconnaissance video can be viewed in real
time.

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

FIG. 6 is a block diagram of a simulated remote aircraft
used for training remote pilots according to one embodiment
of the invention. FIG. 6 shows Remote-Aircraft Simulator
600 including Computer 605 coupled o Aerodynamic
Model Processor 601, Instructor Control Panel 6§02, Key-
board 603, Simulation Port 604, Graphics System 606,
Storage Device 608, and Simulation Network Interface 609.
Remote Aircraft Simulator 600 communicates with Remote
Pilot Station 400 or 500 through Simulation Port 604.
Acrodynamic Model Processor 601 executes a mathematical
model that simulates the bebhavior of a remote aircraft. An
instructor uses lostructor Control Panel 602 and Keyboard
603 to select various training scenarios. Graphics System
606 and Video Display 607 are used to observe the operation
of the system. Storage Device 608 is used to record the
training session for later evaluation of the session. In addi-
tion to proficiency training, the Remote Aircraft Simulator
can also be used to practice a proposed mission. The dala
communicated to the remote pilot station can include train-
ing and evaluation data for processing and/or display. This
training and evaluation data can include any relevant
information, such as flight path accuracy, elc.

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

The Database
‘The Digital Database 107 can be comprised of any type of

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

The other USGS database is the Digital Line Graph data
which includes: political and adminisirative boundares;
hydrography coosisting of all flowing water, standing waler,
and wetlands, major transportation systems consisting of
roads and trails, railroads, pipelines, transmission lincs, and
airports; and significant manmade structures. The Digital
Line Graph data is two-dimensional. In the present invention
features such as water, roads, railroads, and pipelines are
represented as polygons with elevations determined from the
Digital Elevation Model data. Transmission lines and sig-
nificant manmade structures are defined as three-
dimensional objects made of polygons and are placed
according to the elevations determined from the Digital
Elevation Model data. The different types of objects arc
tagged so that the remote pilot can select them to be
highlighted by category or by specific object.

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

The procedure for generating the synthesized three-
dimcosional view from the Digital Database may usc any
number of techniques, including those disclosed in the 1987
patent to Beckwith et al. (U.S. Pat. No. 4,660,157 REAL
TIME VIDEO PERSPECTIVE DIGITAL MAP DISPLAY
METHOD), and the 1993 patent to Dawson et al. (U.S. Pat.
No. 5,179,638 METHOD AND APPARATUS FOR GEN-
ERATING A TEXTURE MAPPED PERSPECTIVE
VIEW). One disadvantage of generating the synthesized
three-dimensional view from these elevation dalabases in
real time is the amount of storage spacc they require. To
avoid this large amount of data storage, one embodiment of
Digital Database 107 is composed of lerrain data that
represents the real terrain using polygouos. This database may
be generated using any number of techniques. For example,
this database may be generated by transforming one or more
elevation databases into a polygon database using the tech-
nique taught in “Pilot Aid Using a Synthetic Envirooment”,
Ser. No. 08/274,394 filed Jul. 11, 1994. Another method for
transforming one or more elevation databases into a polygon
database is taught in “Digital Map Generator and Display
System™, Ser. No. 08/543,590, filed Oct. 16, 1995. An
example of a three dimensional projected image created
from this database i1s shown in FIG. 7.

While the invention has been described in terms of several
embodiments, those skilled ia the art will recognize that the
invention is not limited to the embodiments described. The
method and apparatus of the inveation can be practiced with
modification and alteration within the spirit and scope of the
appended claims. The description is thus to be regarded as
illustrative iostead of limiting on the invention.

What is claimed is:

1. A system compnsing:

a remotely piloted aircraft including,

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

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

a communications system for communicating flight data
between a computer and said remotcly piloted aircraft,
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said flight data including said remotely piloted air-
craft’s position apd orientation, said flight data also
including flight contro} information for controlling said
remotely piloted aircraft;

a digital databasc comprising terrain data;

said computer 1o access said terrain data according to said
remotely piloted aircraft’s position and to transform
said terrain data to provide three dimensional projected
image data according to said remotely piloted aircraft’s
ornentation;

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 onc or more remote flight controls based on said
delay time.

2. The system of claim 1, wherein:

said remotely piloted aircraft includes a device for cap-

turing image data; and

said system operales in at Jeast a first mode in which said

image data i1s not transmitted from said remotely
ptloted aircraft to said computer at a sufficient data rate
to allow for real time piloting of the remotely piloted
aircraft.

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

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

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

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

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

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

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

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

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

said remotely piloted aircrafl includes a device for cap-
tuning image data; and said system operates in at least
a first mode in which said image data is not transmitted
from said remotely piloted craft 10 said computer but
stored in said remotely piloted aircraft.

13. A station for flying 2 remotely piloted aircraft that is

real or simulated comprising:

a database comprising terrain data;

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

a compulter haviog a communications unit configured 1o
receive status information identifying said rcmotely
piloted aircraft’s position and orientation in three
dimensional space, said computer configured to access
said terrain data according to said status information
and configured 1o transform said terrain data to provide
three dimensional projected image data representing
said remotely piloted aircraft’s environment, said com-
puter coupled to said set of remote flight controls and
said communications unit for transmitting said flight
contro! information to control said remotely piloted
aircrafl, said computer also 1o determine a delay time
for communicating said flight control information
between said computer and said remotely piloted
aircraft, and said computer to adjust the sensilivity of
said set of remote {light controls based on said delay
time; and

B

display configured 1o display said three dimensional
projected image data.

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

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

" control information and said status information.

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

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

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

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

20. The station of claim 13, wherein said communications
unit includes at least one of a communications transceiver
and a simulation port.
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s that allows a remote aircrafl to be controlled by a
remotely located pilot who is presented with a synthesized three-dimensional projected
view representing the environment around the remote aircralt. According 1o one
aspect of the invention, a remote aircraft wransmits its three-dimensional position and
orientation to a remote pilot station. The remote pilot station applies this information
to a digital database containing a three dimensional description of the environment
around the remote aircraft to present the remote pilot with a three dimensional
projected view of this environment. The remote pilot reacts to this view and interacts
with the pilot controls, whose signals are transmitted back to the remote aircraft. In
addition, the system compensates for the communications delay hetween the remote

aircraft and the remote pilot station by controlling the sensitivity of the pilot controls.
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BACKGROUND OF THE INVENTXON - Cross References to Related Applications
“Pilot Aid Using a Synthetic Environment", serial no. 08/274,394 filed July
5 11, 1994. "Digital Map Generator and Display System”, serial no. 08/543,590 , filed

October 16, 1995.

BACKGROUND OF THE INVENTION - Field of Invention
This invention relates to the ficld of remotely piloted vehicles (RPVs) and

10 unmanned acrial vehicles (UAVs).

BACKGROUND OF THE INVENTION - Discussion of Prior Art
RPVs can be used for any number of purposes. For example, there is a large

organization that promotes the use of remote controlled planes. Certain RPVs are

15  controlled by viewing the plane with the naked eye and using a hand held controller to
control its flight Other RPV's are controlled by a remote pilot using simple joysticks
while watching the video produced by a camera in the remote aircraft. This camera is
also used to produce the reconnaissance video. There are tradeofls involving the
resolution of the video, the rate at which the video is updated, and the bandwidth

70 needed to ransmit it. The wider the handwidth the more difficult it is to secure the

- signal. The freedom to balance these tradeoffs is limited because this video is also

used to pilot the aircraft and must therefore he updated frequently.
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Certain UAVs are preprogrammed to follow a predetermined course and lack
the flexibility to deal with unexpected situations.

The 1983 patent to Kanaly (U.S. Patent No. 4,405,943) shows a control and
communications system for a remotely piloted vehicle where an oculometer determines
where the remote operator is looking and signals the remote vehicle to send the high
resolution imagery corresponding to the area around where the remote operator is
looking and low resolution imagery corresponding to the remote operator's peripheral
vision. The objective is to minimize the handwidth of the information transmitted to

the remote operator.

01470
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SUMMARY

A method and apparatus is described that allows a remote aircraft to be
controlled by a remately located pilot who is presented with a synthesized three-
dimensional projected view representing the environment around the remote aircraft.

5 According to one aspect of the invention, a system is used that includes an aircraft and
a remote pilot station.

The aircraft uses a communications link to send its location, attitude, and other
operating conditions to the remote pilot station. The remote pilot station receives the
data and uses a databasc describing the terrain and manmade structures in the remote

10 aireraft's environment to produce a 3D view of the remote aircraft’s environment and
present it to the remote human pilot.

The remote pilot responds to the information and manipulates the remote flight
controls, whose positions and forces are transmilted to the remote aircrafl. Since the
amount of data is small, it can be readily secured through encryption and spread-

15  spectrum techniques.

Also, because the video reconnaissance cameras are no longer needed to
remotely pilot the aircraft there is great flexibility in their use. To minimize bandwidth
and reduce the possihility of being detected, the video data can be sent at a slow
update rate. The data can also be stored on the remote aircraft for later transmission.

20 Aliernatively, low resolution pictures can be sent in real-time, while the corresponding
| high resolution pictures can be at a later time. The reconnaissance video can even be

at/

transmitted through a dilterent communications link than the control data. There masy-

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

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

To facilitate training, a stmulated remote aircraft is provided that allows an
instructor 10 set up the training mission and parameters, This is especially useful in
giving remote pilots experience [lying with different control link delays. In this
simulated mode, the system can be further linked to a battefield simulator such as

SIMNET.
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In the first embodiment, the remote pilot is provided with a standard video
display. Additional display channels can be provided to give the remote pilot a greater
field of view. There can even be a display channel to give a rearward facing view.

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

aircraft flying several hundred miles away.
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BRIEE DESCRIPTION OF THE DRAWINGS

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

FIG. | is a general illustration showing a remote pilot at a remote pilot station
operating a remote aircraft according to ane embodiment of the invention.

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

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

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

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

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

FIG. 7 is an example of a three dimensional projected image presented to a

remote pilot by a remote pilot station according to onc embodiment of the invention.
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DETAILED DESCRIPTION

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

A method and apparatus is described that allows a remote aircralt to be
controlled by a remotely located pilot who is presented with a synthesized three-
dimensional projecied view representing the environment around the remote aircraft.
Since the video from a reconnaissance camera located on the remote airerafl is not
used to pilot the remote aircraft, the amount of data transmitted between the remote
aircraft and the remote pilot is small. This provides greater flexibility in how the
remote aircralt is used and allows the transmitted data to be made more secure. The
remote aircralt may be of any type, for example a remote control plane or helicopler as
used by recreational enthusiast.

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

In one embodiment, Information 106 includes status information concerning
the status of Remote Aircraft 103 and tTight control information for controlling the

flight of Remote Aircraft 103, The status information is generated by Remole Aircralt

. 014/
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103 and includes the three dimensional position and the orientation (also termed
attitude, and comprising heading, roll, pitch) of Remote Aircralt 103. The status
information may also include information concemning the flight surfaces, the engine,
an additional altitude reading, ctc. Remote Pilot Station 101 uses this status
s information to retrieve data from a Digital Database 107 which contains a three-
dimensional description of terrain and manmade structures over which Remote
Aircraft 103 is flying. Bascd on the three dimensional data retrieved from Digital
Database 107, Remote Pilot Station 101 projects a synthesized three-dimensional
projected view of the wirain and manmade structures in the vicinity of Remote Aircraft
10 103. Based on this view of the terrain and manmade structures, the Remote Pilot
Station 101, on its own and/or in response to input from Remote Pilot 102, generates
and transmits flight control information to Remote Aircraft 103 which adjusts uts flight
accordingly.
In onc embodiment, the Remote Aircraft 103 is a remote controlled plane or
15  helicopter used for recreational purposes. Since remote controlled planes and
helicopters tend to be small in size, the circuitry in such remote aircrall to generate and
receive Information 106 is minimized. In such systems, the Remote Pilot Station 101
may be implemented by including additional attachments to an existing portable
computer. This allows the user to easily transport the remole aircraft and pilot station
20 toan appropriate location for flight.
| FIG. 2 is a block diagram showing a bi-dircctional communications link
between a remote pilot station and a remote aircraft according Lo one embodiment of

the invention. FIG. 2 shows Communications Transceiver 201 coupled to Antenna 0 1 4 ! J
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104 of Remote Pilot Station 101, as well as Communications Transceiver 204 coupled
to Antenna 105 of Remote Aircraft 103. In addition, FIG. 2 shows Information 106
heing communicated between Antenna 104 and Antenna 105.

FIG. 3 is a block diagram of a remote aircraft unit used in the remote aircraft
according to one embodiment of the invention. FIG. 3 shows Remote Aircraft Unit
300 including Computer 308 coupled to GPS Receiver 301, Turn-and-bank Indicator
302, Gyrocompass 303, Communications Transceiver 204, Aircraft Engine and
Sensors 309, and Aircraft Flight Surfaces and Sensors 310. GPS Receiver 301
receives signals from the satellitcs that make up the global positioning system (GPS)
and calculates the aircraft's position in three dimensions. Turn-and-bank Indicator 302
and Gyrocompass 303 provide the aircraft’s oricatation which comprises heading,
roll, and pitch. This data is sent o Computer 308 for transformation inta the
previously described status information. Computer 308 transmits this status
information 10 Communications Transceiver 204 which produces a radio signal and
suppties it to Antenna 105.

The Aircraft Engine and Sensors 309 are coupled to control the aircraft's
engine, while the Aircraft Flight Surfaces and Sensors 310 are coupled to control the
aircrafts flight surfaces. The flight control information is received from the remote
pilot station by Computer 308 through Anténna 105 and Communications Transcetver
204. This flight control information is processed by Computer 308 into the necessary
signals for transmission to Aircraft Engine and Sensors 3(9 and Aircraft Flight

Surfaces and Sensors 310 to control the aircraft's engine and flight surfaces,
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respectively. The operation of the aircraft's {light control surfaces will be later
descrihed with reference to FIG. 4.

In order to protect against ECM, the communications link between the Remote
Pilot Station 101 and the Remote Aircraft 103 may be secured. While any number of
different techniques may he used to secure this link, in one embodiment Computer
308 is implemented to encrypt/decrypt the data transmitted and Communications
Transceiver 204 is implemented to use spread spectrum techniques.

Computer 308 may optionally be coupled o Altimeter 304, Video Camera
System 308, Infrared Video Camera System 306, Radar 307, and/or Video Storage
Unit 31 1. Alimeter 304 provides an output of the aircraft's altitude as a safety check
in the event GPS Receiver 301 malfunctions. Thus, this additional altitude reading
may also be transmitied to Remote Pilot Station 101 as part of the status information.

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

1. High resolution, high update images may be sent back in real-time through
the Communications Link, when the high bandwidth nceded can be wlerated.

2. High resolution, low update images may be sent back in real-time through

the Communications Link to reduce the bandwidih.

Oiads
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3. The video may be recorded in Video Storage Unit 311 for later
transmission.

4. The video may be transmitted through a separate communications link.

5. There may be multiple video cameras.

Infrared Video Camera System 306 is similar to Video Camera System 305
and has the same operating modes.

Radar 307 in Remote Aircraft 103 may be passive or active. ltvmay scan a
particular pattern or it may track a selected object. Radar 307 may consist of several
Radar units. The information from Radar 307 is processed by Computer 308 so that
only the desired information is transmitted over the communication link to the Remote
Pilot Station 101 for display.

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

As previously described, Antenna 104 receives the radio signals transmitted by

Remote Aircraft 103 representing the status information of Remote Aircraft 103.
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These radio signals are transformed by Communications Transceiver 201 and sent to
Computer 405. Communications Transceiver 201 is set to the same mode as
Communications Transceiver 204, so that if, for example, spread spectrum techniques
are used, the signal will be transparently reccived. Computer 405 recovers the data
(de-encrypting, if required) so that the data communications from Computer 308 in the
Remote Aircraft to Computer 405 in the Remote Pilot Station is transparent. Thus, the
bi-directional communications link comprises the combination of Communications
Transceiver 201, Antenna 104, Antenna 105, and Communications Transceiver 204,
As previously described, the status information received by Computer 405
includes the three dimensional position and the oricntation of Remote Aircraft 103.
The status information may also include information concerning the flight surfaces,
flight sensors, the engine, an additional altitude reading, ctc. Computer 405 uses this
status information to retrieve data from Digital Database 107 which contains a three-
dimensional description of terrain and manmade structures over which Remote
Aircraft 103 is flying. The composition and creation of the Digital Database 107 is
further described later. Based on the three dimensional data retrieved from Digital
Database 107, Computer 405 performs the mathematical operations to transform and
praject the three dimensional data to generate video dala representing a synthesized
three-dimensional projected view of the terrain (and, if desired, manmade structures)
in the vicinity or environment of Remote Aircraft 103, This video data is transmitted
to Graphics System 406, which displays the synthesized three-dimensional projected

view on Video Display 407.
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Since the image is generated from the digital database, virtually any image of
the environment of the Remote Aircraft 103 can be generated. As examples, the pilot
may select the environment to be: 1) a simulated image of what would be seen out of
the cockpit of a manned aircraft on a similar flight path; 3) a simulated image of what
would be seen when looking in any direction (¢.g., backwards, out a side window,
etc.); 3) a simulated image of what would be scen if a camera were tailing the remotely
piloted aircraft; etc. In addition, the simulated image may be set to any magnification.
Thus, the phrase environment of Remote Aircra(t 103 is intended to include any image
generated with reference to the remote aircraft's position.

The User Flight controls with Force Feedback 408 are used by the remote pilot
to input fight path information. The User Flight Controls may be of any number of
different types, some of which are further described later herein. The status
information received by Computer 405 also includes information received from
Aircraft Flight Surfaces and Sensors 310. This information is used to actuate force
feedback circuitry in User Flight Controls With Force Feedback 408, Remote Pilot
102 ohserves the synthesized three-dimensional covironment displayed on Video
Display 407, fecls the forces on User Flight Controls With Force Feedback 408 and
moves the controls accordingly. This {light control information is sent through the
communications link, to Computer 308, and is used to control the aircraft tlight
surfaces in Aircraft Flight Surfaces and Sensors 310. Remote Pilot 102 also receives
data from Aircraft Engine and Sensors 309 through the communications link and is

able to send data back to control the engine.
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Elight Control

To illustrate the operation of the remote aireralt, a fixed-wing airplane will be
described as an example. However, the basic principles apply to other types of
aircraft as well. The basic control surfaces of an airplane consist of the ailerons, the
hotizontal elevators, and the rudder. The ailerons are moved differentially (one up,
one down) to rotate the airplane around its roll axis; the horizontal elevators cause the
airplane to rotate around its pitch axis; and the rudder causes the airplane to rotate
around its yaw axis.

When the ailerons are used to modify the lift characteristics of the wings, one
wing creates more lilt while the other wing creates less lift. This also changes the
drag characteristics of the wings and results in a yaw force that is opposite to the yaw
force that results from the tail section causing the airplane to weather-cock inio the
relative wind. Itis this yaw force caused by the airplane weather-cocking into the
relative wind that causes a banked airplane to wrn. The opposite yaw force produced
by using the ailerons is called adverse yaw; the rudder control is used 1o counteract
this force to produce a coordinated turn.

The simplest type of tlight control consists of a joystick and a set of rudder
pedals. The controls are directly connected to the flight control surfaces. With a
joystick, moving the stick leftand right moves the ailerons, while moving the stick
forward and hackward moves the horizontal elevators. The rudder is controlled by
two foot pedals, one [or each foot, that are mounted on a common shaft and hinged in
the middle Tike a seesaw. Pressing one (oot pedal forward causes the other oot pedal

to move backward and causes the rudder o also move in one direction. Pressing the
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other foot pedal causes it to move forward and the opposite pedal to move backward
and causes the rudder to move in the opposite direction.

An alternative to the joystick is the control yoke which consists of a wheel
attached to a shaft that moves in and out of the control housing. Tumning the wheel

5 clockwise or counterclockwise moves the ailerons; moving the wheel shaft in and out

moves the horizontal elevators. The rudder pedals as the same as those used with a
joystick.

In order to aid in a description of remote aircraft operation, it is thought
worthwhile to first describe the operation of non-remotely piloted vehicles. Non-

10 remotely piloted vehicles can be operated in one of two ways (also termed as flight

control modes): direct control or computer control (also termed as computer
mediated).

Direct Control Non-Remotely Piloted Vehicles

When the flight controls are connected directly to the control surfaces the result
1S is a second order system. Using the joystick as an example, moving the joystick left
or right establishes a roll rate. The airplane continues to roll until the joystick is
retumed to the center position, after which the airplane remains in the bank angle thus
established. The foot pedats arc used to counteract the adverse yaw as previously
described. Moving the joystick forward or backward establishes a pitch rate. The
20 airplane continues to pitch until the joystick is retumed to the center position, after
which the airplanc remains in the pitch angle thus established. Both the roll rate and

the pitch rate are subject to the limits of the airplanc’s design.
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Since the joystick is directly connected to the control surfaces, the
aerodynamic forces on the control surfaces are transmitted back to the pilot, giving
him or her valuable feedback on how the auplane is flying.

The successful operation of the second order system with the pilot in the loop
depends on several factors such as the area and placement of the control surfaces, how
much the control surfaces move in response o the movement of the pilot controls, and
how long the airplane takes to respond to changes of the control surfaces. The total
system characteristics also depend on the reaction time of the pilot. If the resulting
system is poorly designed it may be unstable, which means it may not be possible for
a human pilot to fly it safely. An example of an unstable sysiem is where the pilot
desires to perform a gentle roll o the right and so moves the joystick to the right, the
airplane’s roll rate is faster than the pilot desires so he/she atlempts to compensate by
moving the joystick to the left, the airplane rolls left at a rate that is faster than the pilat
desires so he/she moves the joystick to the right, and so on, with the pilot constandy
overcorrecting and with the aircraft's rolling motions constantly getting larger and
larger until the aircraft gets into a condition from which it may not be possible to
recover, (¢.g., spinning into the ground). The type of loss of control described is
usually referred to as ‘pilot induced oscillation' and although it may be causcd by an
inexperienced or inattentive pilot, it is more often caused by poor airplane design.
Therefore, new airplane designs are extensively tested to make sure they can be salely
flown. Examples of airplanes that use direct controt of the controt surfaces (Direct

Control Second Order Systems) are the Cessna 150 and the Piper Cub.

-~
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r iated Non-Remotely Pi icl

Computer mediated control systems usc a computer between the pilot controls

" and the control surfaces. The pilot controls are read by the computer, the data are

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

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

Having described techniques for operating non-remotely piloted vehicles, the

Fight Control Modes for RPVs will he described.
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Second Order RPV Right Control Mode

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

Flying an RPV is further complicated hecause there are additonal time delays
in the loop. The computer in the remote aircraft must first determine the aircraft's
position and orientation. The additional processing for transmitting a secure si gnal by
encryption and/or spread spectrum techniques may create additional delays.
Transmission delay of signals between the remote aircraft and remote pilot station is
negligible for a direct path. However, if the signals are relayed through other facilities
the delay time may he appreciable, especially if an orbiting satellite is used. There arc
additional delays in the remole pilot station as the remote aircraft's position and
orientation are used to transform the data from the digital database to present the pilot
with the synthesized 3D projected view from the remote aircraft. In one embodiment,
the RPV system measures the various delays and modifics the control taws used by
the computer in the remote pilot aircraft and in the feedback provided by the computer
in the remote pilot station to the remote pilot. For example, the computer may adjust
the sensitivity of the User Flight Controls 408 according to the delay (2.g., as the
delay increases, the computer will decrease the sensitivity of the flight controls). The
system also displays the measured delay to the remote pilot.

First Order RPY Flight Control Mode

The stability of the flight control system, and thus the flyability of an RPV,

can be improved considerably by using a first order system. [n one embodiment of
. A
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such a first order system the position of the remote pilot's joystick represents an angle
relative to the horizon, instead of representing a rate of rotation as in a second order
system. The position of the joystick is transmitted to the computer in the remote
aircraft which moves the control surfaces as required to place the remote aircraft in the
S requested orientation. The control system in the remote aircraft is still a second order
system but the delays in the communications link and the remote pilot station are no
longer a part of the system's loop.
When a joystick is centered, the remote aircraft will fly straight and level.
When the joystick is to the right of center the remote aircraft will he in a right banked
10 tumn. When the joystick is to the left of center the remote aircraft will be inaleft
banked tum. When the joystick is backward from center the remote aircraft will be in
a pitch up orientation. When the joystick is forward of center the remote aircraft will
be in a pitch down oricntation.
The amount of bank and pitch permitted depends on the design of the remote
15 aircraft. A high performance remote aircraft will he capable of a greater amount of
pitch and bank than will a low performance remote aircrafl.
Referring again to FIG. 4, Computer 405 may optionally be coupled to
Control Panel 402, Keyboard 403, Simulation Port 404, Video Interface 410, VCR
411, and/or Video Display 412, In one embodiment, Control Panel 402 contains
20 specialized lights, displays, and switches to allow a quicker response 1o siluations
than can be provided by Keyhoard 403. Control Pancl 402 can be amranged to
approximate the look and fecl of an actual aircraft cockpit. Keyboard 403 allows the

remotc pilot to select various operating modes. For training purposes, Simulation Port
P - " ~
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404 allows the remote pilot station to be connected 1o a remote aircraft simulator
instead of an actual remote aircraft. The remote aircraft simulator will be further
described with reference to FIG. 6. Storage Device 409 allows the flight data to be
recorded. During playback this previously recorded data is substituted for real-time
data from the remote aircralt to replay the mission for analysis. Any video received
from any reconnaissance cameras on the Remote Aireraft 103 is converted by Video
Intecface 410 so that it can be recorded on VCR 411 and displayed on Video Display
412. VCR 411 can also operate in straight-through mode so that the reconnaissance
video can be viewed in real time.

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

FIG. 6 is a block diagram of a simulated remote aircraft used for training
remote pilots according o one embodiment ol the invention. FIG. 6 shows Remote

Aircraft Simulator 600 including Computer 605 coupled to Aerodynamic Model
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Processor 601, Instructor Control Panel 602, Keyboard 603, Simulation Port 604,
Graphics System 606, Storage Device 608, and Simulation Network Interface 609.
Remoto Aircraft Simulator 600 communicates with Remote Pilot Station 400 or 500
through Simulation Port 604. Aerodynamic Model Processor 601 execules a
mathematical model that simulaies the behavior of a remote aircraft. An instructor uses
Instructor Control Panel 602 and Keyhoard 603 1o select various training scenarios.
Graphics System 606 and Video Display 607 are used to observe the operation of the
system. Storage Device 608 is used to record the training session for later evaluation
of the session. In addition to proficiency raining, the Remote Aircraft Simulator can
also be used 1o practice a proposed mission. The data communicated to the remote
pilot station can include training and evaluation data for processing and/or display.
This training and evaluation data can include any relevant information, such as flight
path accuracy, eic.

Simulation Network [nterface 609 permits participation in a battlefield
simulation system such as SIMNET, mixing aircraft, tanks, and ground troops for
training in the coordination ot mixed forces. Thus, the system is designed to allow
for the communication of this battlefield simulation information between the remote
aircraft simulator and the remote pilot station. This allows the remote pilot station to
display one or more other simulated entities (¢.g., tanks, ground troops, other aircraft,
ete.) described by the batdetield simulation information.

The Database

The Digital Database 107 can be comprised of any type of data from which a

three dimensional image can be generated. For example, the U.S. Geological Survey
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(USGS) makes available various databases, two of which are of particular interest.
The first is the Digital Elevation Model data which consist of an array of regularly
spaced terrain clevations. »

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

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

The procedure for generating the synthesized three-dimensional view from the
Digital Databasc may use any numbher of techniques, including those disclosed in the
1987 patent to Beckwith et al. (U.S. Patent No. 4,660,157 REAL TIME VIDEO
PERSPECTIVE DIGITAL MAP DISPLAY METHOD), and the 1993 patent to
Dawson et al. (U.S. Patent No. 5,179,638 METHOD AND APPARATUS FOR

GENERATING A TEXTURE MAPPED PERSPECTIVE VIEW). One disadvantage
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of generaling the synthesized three-dimensional view from these elevation databases in
real time is the amount of storage space they require. To avoid this large amount of
data storage, one emhodiment of Digital Database 107 is composed of terrain data that
represents the real terrain using polygons. This dalabase may be generated using any
number of techniques. For example, this database may be generated by transforming
one or more elevation databases into a palygon database using the technique taught in
"Pilot Aid Using a Synthetic Environment”, serial no. 08/274,394 filed July 11,
1994. Anather method for transforming one or more ¢levation databases into a
polygon datahase is taught in "Digital Map Generator and Display System”, serial no.
08/543.590, filed October 16, 1995, An example of a three dimensional projected
image created from this database is shown in Fig. 7.

While the invention has been described in terms of several embodiments, those
skilled in the art will recognize that the invention is not limited to the embodiments
described. The method and apparatus of the invention can be practiced with
modification and alteration within the spirit and scope of the appended claims. The

description is thus to be regarded as iltustrative instead of limiting on the invention.
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CLAIMS
What is claimed is: o
byl \ 1. A syslem comprising: 7
?\;x a remotely piloted aircraft;
3 a communicjtions system for communicating flight data between a compuler
4  and said remotely piloted aircraft, said flight data including said remotely piloted
5 aircratt's position and oricntation, said flight data also including flight control
6  information for cohtrolling said remotely piloted aireraft;
7 a digital dptabase comprising terrain data;
8 said compluter to access said terrain data according to said remotely piloted

9 aircraft's position and to ransform said terrain data to provide three dimensional
10  projected image data according to said remotely piloted aircraft's orientation;
11 a display for displaying said threc dimensional projected image data; and
12 a set of ofie or more remote (light controls coupled to said computer {or

ht control information.

—
)

inputting said fli

1 2. " The systefn of claim 1, said remotely piloted aircraft including:

2 a position determining system for locating said remotely piloted
3 aircraft's positiop in three dimensions; and

n oricntation determining system [or determining said remotely piloted

5 aircraft's orientdtion in three dimensional space.
e ", x
Qiayo
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3. The system of claim 1, wherein the flight data communicated between said

remotely piloted aircraft and said computer is secured.

4. The system of claim 1, wherein said remotely piloted aircraft further comprises

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

video cameras, said video data for displaying said images.

6. The system of claim 5, whercin said video data is wransmitied on a different

communication link than said flight daw.

7. The system of claim 4, wherein al least one camera in said set of onc or more

video cameras is an infrared camera.

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

9. The system of claim 1, wherein said set of one or mare remote flight conurols

is responsive to manual manipulations.
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10.  The system of claim 1, wherein saidComputer is also for determining a delay

time for communicating said flj between said computer and said remotely

piloted aircraft.

11.  The system of £laim 10, wherein said computer adjusts the sensitivity of said

set of one or moreAemote flight controls based on said delay time.

)Z./ The system of claim 1, wherein said set of one or more remote flight controls
allows for inpuiting absolute pitch and roll anglcs instead of pich and roll rates.
)/f The system of claim 1, wherein said computer is also used for correcting
adverse yaw without requiring input from said set of one or more remote flight

controls.

14. A station for flying ajremotely piloted aircraft that is real or simulated
comprising:

a database comprising terrain data;
a set of remote flightjcontrols for inputting flight control information;

a computer having a communications unit confligured to receive status

information identilying saidf remotely piloted aircraft's position and onentation in three

dimensional space, said compputer configured to access said terrain data according o
said status information andfconfigured to transform said terrain data to provide three

dimensional projected image data representing said remotely piloted aircraft's

2055.P004
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environment, said computer coupledAo said set of remote flight controls and said
communications unit for transmigting said flight control information to control said

remotely piloted aircraft; and

a display configured/to display said three dimensional projected image data.
4
),A./ The station of claim)lti,/whercin said communications unit is also configured

to receive video data representing images captured by a set of video cameras on said
remotely piloted aircraft, said video data for displaying said images.
14/ MP

/{ The station of clzu'm)/f, wherein said video data is transmitted on a different
communication link that said flight control information and said status information.

V% )

)]./ The station of cluim))#,’whcrein said display is a head mounted display.

\4 2

/l'( The station of claim 47 wherein said set of remote flight controls is

responsive to manual manipulations.

19.  The station of claim 14, wherein said/computer is also for determining a delay

time for communicating said flight contrgl information between said computer and

said remotely piloted aircraft.
20.  The station of claim 1#, said computer adjusts the sensitivity of said

set of remote fight contro)$ bascd on said delay time.
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}’K The station of claim%vhercin said set of remote flight controls are
configured to allow inputting absolute pitch and roll angles instead of pitch and coll
rates.
| 2
The station of clnim)ﬁ,/whcrein said computer is also configured to correct
adverse yaw without requiring input from said set of remote flight controls.

("

The station of cluim}l,fwhcrcin said communications unit includes at least

one of a communications transceiver and a simulation port

24, emotelypilotedaircraftcomprising——— v

-
-
-

a position deternining system; 7
an orentation determining system,

a communications syste

ort}dnsmiuing stalus information, including said

remotely piloted aircraft's posjtio ‘u/nd ogjentation, to a pilot station for transformation

into a three dimensional proj age of said remotely piloted aircralt's

environment according )(/.1 database representing real terrestrial terrain using

polygons, said cor/nm/unicalions system also for receiving from said pilot station {light
o

. .
control information; and
>

/a’contml systemn for adjusting said remotely piloted aircralt's flight in response
P

taSaid flig ol information.

Otayud
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€in said communications system

1,25 [he remetety-pitoret-aircraftof caim-24, wherein said status infomm
2 said flight control information is communicated between said remotely piloted aircraf
3 and said pilot station using a secured communications link.
1 26., The remotely piloted aircraft of claim 24, wherein said remogely piloted aircraft
2 further comprises a set of video cameras.
1 27 The remotely piloted aircraft of claim 26, furthef comprising a video storage
2 unit for storing images captured by said set gl vidp6 cameras.
1 28.  The remotcly piloted aircraft of dlapm 26, whe:
2 isalso for transmitting 10 said pilot stagon vidco data representing images captured by
3 said set of video cameras, said videgd data for displaying said images.
1 29.  The remotely piloted dircraft of claim 28, wherein said video data is
2 transmitted real-time.
I 30 The remote}y piloted aircraft of claim 28, wherein said video data is
2 transmitted on adifferent communication link than said status information.
31. [he remotely piloted aireraft ol claim 28, wherei one
2 setof video cam 15 an inlrarcd camera,

2055.P004
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1 /\'&L_.Armethed—ferﬂymg-rrememly-pd ed aircraft, said remotely 7
2 having a current position and a current orientation, said method comprising the steps
3  of:

4 determining the current position of said remotely pilotcd aircraft in threg

5 dimensions;

6 determining the current orientation of said remotely piloted aircrpft in three

7  dimensions;

8 communicating said current position and current orientatigh from said remotely
9  piloted aircraft to a pilot station;

10 accessing a database comprising terrain data fhat rgpresents real terrestrial

11 terrain as a set of polygons;

12 transforming said terrain data into image dati represeptifip a simulated three

13 dimensional view according to the current posiion and orientation of said remotely

14  piloted aircraft;

15 displaying said simulated threedimensional view using said image data; and

16 communicating flight contrgl information from said pilot station to said

17 remotely piloted aircraft, said refotely piloted aircraft flying in accordance with said

18  flight control information.

1 33.  The method6f claim 32, further comprising the steps of:

2 ng a delay ime for communicating said flight control information to

3 said remote

4 flighe-eontroH Tt OMTIHOR A tesponse W saiddelaytime
Givv
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!
347 The method of claim
generating said flight control information in response to manuul manipul

of a set of manual flight controls on said pilot station.

35.  The method of claim 32 further comprising the steps of:

recording images using a set of cameras orysaid remdtely piloted aircraft.

aircraft to said pilot station.

37. The method of clgith 36, wherein said step of communicating video data is

performed real-time.

39. A system comprisihg: /
a simulation unit gonfigpred to simulate at least a remotely piloted aircraft,
a communicatiops syst¢n) configured to communicate tlight data between a

computer and said simfilation unit, said flight data including said remotely piloted

2055.P004 Patent
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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 configured to pccess said terrain data according to said remotely
piloted aircraft's position and to trajisform said terrain data to provide three
dimensional projected image data pccording to said remotely piloted aircraft's
orientation;

a display configured 1o display said three dimensional projected image data;
and

a set of one or more

ote flight Zogtrols coupled to said computer for

inputting said flight control informatio
40.  The system of claign 39, whergjn said simulation unit includes a simulation
network interface confligufed to communicate batdefield simulation information with a
simulation network, said/ communications system also configured to communicate said
battlefield simulation infformation between said simulation unit and said computer, said
computer also configured to display one or more other simulated entities described by

said battleficld simuldtion information.

'41. The systemjof claim 40, wherein said simulation network is SIMNET.

2055.P004 Patent
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42.  The system of claim 41, wherein sai simulation unit is also configured to
communicate to said computer via said communications system training and evaluation
information for processing, recording, or isplay by said computer.

43.  The system of claim 39, whereirysaid simulation unit further comprises:

a acrodynamic model processog for aiding in simulating said remotely piloted

aircraft.

44, The sysiem of claim 39, wherein said display is a head mounted display.

45.  The system of claim 39, wvherein o of one or more remote flight controls

is responsive o manual manipjilations.

46.  The system of claim /39, whereinksaid computer is also for determining a delay
time for communicating sajd flight data between said computer and said remotely

piloted aircraft.

47.  The system of dlaim 46, wherein said computer adjusts the sensitivity of said

set of one or mare renfote flight controls based on said delay time.

48.  The system pf claim 39, wherein said set of one or more remote Night controls

allows for inputting absolute pitch and roll angles instead of pitch and roll rates.
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herein said computer is also used for comecting

38w
adverse yav without requirigfg dnput from said set of one or more remote flight
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below, next to my name.

| believe | am the original, first, and sole inventor (if only one name is listed below) or an
original, first, and joint inventor (if plural names are listed below) of the subject matter
which is claimed and for which a patent is sought on the invention entitied

A METHOD AND APPARATUS FOR REMOTELY PILOTING AN AIRCRAFT
the specification of which

XXX is attached hereto.
was filed on as
United States Application Number
or PCT International Application Number
and was amended on

(if applicable)

I hereby state that | have reviewed and understand the contents of the above-identified
specification, including the claim(s), as amended by any amendment referred to above. | do not
know and do not believe that the claimed invention was ever known or used in the United States
of America before my invention thereof, or patented or described in any printed publication in
any country before my invention thereof or more than one year prior o this application, that
the same was not in public use or on sale in the United States of America more than one year
prior to this application, and that the invention has not been patented or made the subject of an
inventor's certificate issued before the date of this application in any country foraign to the
United States of America on an application filed by me or my legal representatives or assigns
more than twelve months (for a utility patent application) or six months (for a design patent
application) prior to this application.

| acknowledge the duty to disclose all information known to me to be material to patentability as
defined in Title 37, Code of Federal Regulations, Section 1.56.

! hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-
(d), of any foreign application(s) for patent or inventor's certificate listed below and have also
identified below any foreign application for patent or inventor's certificate having a filing date
before that of the application on which priority is claimed:

. . - Priority

Prior Foreign Application(s) Claimed
{Number) (Country) (Day/Month/Year Filed) Yes No
(Number) (Country) (Day/Month/Year Filed) Yes NT
(Number) (Country) (Day/Month/Year Filed) Yes No

| hereby claim the benefit under title 35, United States Code, Section 119(e) of any United
States provisional application(s) listed below

(Application Numbaer) Filing Date

(Application Number) Filing Date
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i hereby claim the benefit under Title 35, United States Code, Section 120 of any United States
application{s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, Section 112, | acknowledge the duty to disclose
all information known to me to be material to patentability as defined in Title 37, Code of
Federal Regulations, Section 1.56 which became available between the filing date of the prior
application and the national or PCT international filing date of this application:

(Application Number)

Filing Date (Status -- patented,
pending, abandoned)

(Application Numbar)

Filing Date (Status - patented,
pending, abandoned)

I hereby appoint Aloysius T. C. AuYeung, Reg. No. 35,432, Wiliam Thomas Babbitt, Reg. No.
P39,591; Bradley J. Bereznak, Reg. No. 33.474: Michael A. Bernadicou, Reg. No. 35.934;
Roger W. Blakely, Jr., Reg. No. 25,831; Thomas M. Coester, Reg. No_-R39,637; William
Donald Davis, Reg. No. 38,428; Daniel M. De Vos, Reg. 37,813; Karen L. Feisthamel, Reg. No.
P40,264; Scot A. Griffi, Hag. No. 38,167; David R. Halvorson, Reg. No._33,395; Brian Don
Hickman, Reg. No. 35,894; Eric Ho, Reg. No. P39,711; George W Hoover I, Reg. No. 32,992,
Eric S. Hyman, Red. No. 30,139; Jeff D. Jacobs, Reg. No. _ﬁ&ggg;_@ﬂ. Johansen, Aeg No.

36,172; Stephen L. King, Reg. No. 19,180, Daniel C. Malfery; Reg

33,532; Michael J. Mallie,

-Rag. No. 36,591; Kimberley G. Nobles, Reg. No. 38,255: Ronald W. Reagin, Reg. No. 20,340;

James H. Saiter Reg. No. 35,668; Wiliam W. Schaal, Reg. No. P39,018: Jamas C. Scheller,

Reg. No. 31,195; Edward W. Scott, TV, Reg. No. 36,000; Maria McCormack Sobrino, Reg. No.

31,639; Staniey W. Sokoloff, Reg. No. 25,128; Allan T. Sponseller, Reg. NO.TSQ,QB; Steven
aylor

“R-Sponseller, Reg. No. 39,384; David R. Stevens, Reg. No. 38,626, Edwin H.
Lester J. Vincent, Reg. No. 31,460; John PatrickWard, Reg. No. P40,216: Ben J.

25,129;

. Reg. No.

“Yorks; Rag. No. 33,609; and Norman Zafman, Reg. No. 26,250; my attorneys; and Roland B.
Cortes, Reg. No. 35,752; Gary B. Goates, Reg. No. 35,159; Thomas X. Li, Reg. No. 37,079, and
Edwin A. Sloane, Aag. No. 34,728; my patent agents; of BLAKELY, SOKOLOFF, TAYLOH&E

M,_!elephone (310) 207-3800, with full power of substitution and revocation, to
prosecite this application and to transact all business in the Patent and Trademark Office
connected herewith.

! hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed 1o be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the application
or any patent issued thereon.

Full Name of Sole/First Inventor (given name, tamily name) _Jed Margolin

e
Inventor's Signature a WZW//'M Date__[-19-%
7 7
Residence _San Jose. California U/ﬂ( Citizenship _U,S.A.
(City, State) (Country)

Post Office Address __3570 Pleasant Echo

Full Nama of Second/Joint Inventor (givan name, family name)

San Jose, CA 95148

Inventor's Signature Date

Residence

Citizenship

(City, State) (Country)

Post Office Address

Rev. 10/18/95 (D1) cak 2

01

ZAFMAN, with offices located at 12400_Wilshire-Beulevard, 7th Floot. Los Angeles, California

o

-4



Full Name of Third/Joint Inventor (given name, tamily nams)

lnventor's Signature Date

Residence Citizenship

(City, State) (Country)

Post Office Address

Full Name of Fourth/Joint Inventor (given name, family name)

inventor's Signature Date

Residence Citizenship

(City, State) (Country)

Post Office Address

Full Name of Fifth/Joint Inventor (given name, tamily name)

Inventor's Signature Date

Residence Citizenship

(City, State) (Country)

Post Office Address

Full Name of Sixth/Joint Inventor (givan name, tamily nama)

Inventor's Signature Date

Residence Citizenship

(City, State) (Country)
Post Office Address
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Inventor's Signature Date

Residence Citizenship

(City, State) (Country)
Post Office Address

Rev. 10/18/95 (D1) cak 3

(@a
Co



@ @

Appicant or Patertee: Jod Me,. 11 n.... 8Y's '
Serial or Patent No.. Not Assign: ' Yel Docket No. 002055,P004

For-A METHOD AND APPARATUS FOR REMOTELY PILOTING AN - AIRCBAFT

.. VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
475 T\ a7 CFR 1.9 (f) and 1.27(b) - INDEPENDENT INVENTOR

. L ) N
L AS (ﬁii;t}qlowlngmed invantor, | hereby declare that | qualify as an independent inventor as defined in
+37 CFR1.9(¢) for purposes of paying reduced fees under section 41(a) and (b) of Title 35, United
~Slates.Gode; to the Patent and Trademark Office with regard to the invention entitied:

IR,

-AMETHOD AND APPARATUS FOR REMOTELY PILOTING AN AIRCRAFT

described in
[XX] the spacification filed herewith.
[ ] eppication serial no. fled
[ ] petertro ,ssued

| have not assigned, granted, conveyed or licensed and am under no obligation
under contract or law to assign, grant, convey or licanse, any rights In the Invention
to any person who could not be classified as an independent Inventor under 37
CFR 1.9(c) If that person had made the invention, or to any concern which would
not quallty as a small business concern under 37 CFR 1.8(d) or a nonprofit
organization under 37 CFR 1.9(e).

Each person, concern or organization to which | have assigned, granted, convayed, or licensed or am
under an obligation under contract or law to assign, grant, convay or license any rights in the invention
is listed below:

[XX] No such person, concern, or organization.
[ ]} Persons, concerns, or organizations listed below.*
“NOTE: Separate verified statements are required from each named person, concem or

organization having rights to the invention averming to their status as small entities.
(37 CFR1.27)

NAME: JedMargoln
ADDRESS: 3570 Pleasant Echo, San Jose, Califomia 95148
[ X X} Individual [ ] Small Business Concern [ 1 Non-Profit Organization
NAVE:
ADRESS
[ ] Individual [ ] Small Business Concearn [ 1 Non-Profit Organization

I'acknowledge the duty 1o file, in this appilication or patent, notification of any change in status resulting
in loss of entitlement to small entity stalus prior to paying, or at the tima of paying, the earliast of the
issue fee or any maintenance fee duse after the date on which status as a small entity is no longer
appropriate. (37 CFR 1.28(b))

I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are baliaved to be trus; and further that these statemants wers mada
with the knowledge that wiliful false statements and the like so made are punishable by fine or
imprisonment, or both, under §1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to
which this verified statement is directed.

Jed MQatgdin

NAME OF INVENTOR NAME OF INVENTOR NAME OF INVENTOR
P Mangatm

Bignature of fhventor Signature of Invantor Signature of Inventor
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.- This zaper discusses{meclods by wnichd the zavigation funczion Ior lemately Pilpted e

SOME NAVIGATICHAL CSHCIPTS TOR 2mMCTeYr STLCTES ITHIC

J. 4. Lveps, v. J. lannister, j.
Zavker Siddeley Aviacion Ltd.
3rouga.
Norza Jumberside.
Jnitea Xizgdaa.

ABSTRACT L Rt

R VLA . izles (Vs
can Ye achisved without the need for complex stecialied savigaiion 2quipment 4 “The objective ¥ o mke

- uae of squipmest jorzally carried for RPY operation o supplement a 31aple dead T=cxaaing uvi_g":;c’n ayatea.
Ia this way significant improvements ia navizacion zxoadility can e achieved with lit:le or 10 added —
cowplaxity in he veaicle itsels, The additional processiag is carciszd out at the saacrol csacle whers
rsstrictions on equipmeat size and zoat are 20T 30 Jronibitive. Bocrh a two-vay data lisk and a forward
looicing eleczTo-aptical sensor are aignly desirmble IPY facilities and :hese ar: on-ooard squipments thac
cun be adapted to provide additions)l information at the ground—3aaed ar airSorae cantrol station far
venicle position updating. )

i

/f,g,l-#{d’iu""‘ T

- —

.“_,I TSe papar diacuames tecianiquesa varyingi I7om the use of the
‘jgmtion o »ap mtshing using ceconnmissance sefsors or a forward 1
imade 3f an on-vomrd lassr ta pruvide rmage-to-terTain seasurements “nlzh, when corTelated with a coaputer
: stored cap, enablea the 3PV pomition to be coatinuously uodated. desults of sisulation studies wnich dave
I been carried out to validate :he Zecnniques and arovide an estimate of the accuracias that ray Se achieved

i are praeeatad. )

: : . /
Zata link to jrovide :unge—‘zecr‘_n.g cavi-
0OK13g sensor jicture. Use can alss Se

NOMENCIATIRE

S.3Fv a Pasition erTor of WV L
%3 = Range erTor of DME systea - '
Sy = 3earing error of Dmta Linx

] = 2ange of IV froa Telay aircrars
N = Navigation arcor of contrel or relay veaicle

3 = Qange of IV at the ath saaple

1 . .- e

2a = Azizutl angle of RPY at tde nth ssaple-

At a Tise Jetween data sacples

73 a Velocity of relay vehiclae

3 a Headizg of REV

ic = Rango of RPY Irom the iaector af the relay station base line

Ve = Bearizg of PV from the bisectar of the relay station base 'ipe

] - Distance hetween thé relay stations forning *he bSase line

= Range froa RPY to Ideatification Point

a T Haignc of BPV above Identificatian Point

jE’ = Davnlook angle ‘rom AFY to [dentification Poisc

3L = Laser devression angle

a. - laser ariouth angle

L P

El: % = dorizontal rwnge frow Y ta laser/tercmin m:-.rse:(inn point
43, - Height iIfercace between tarrain at APY and at laser/tercais ‘atersection soint
24 a Srror ig acTual/predicted terrmin height

1. INTRODUCTION
Ia re=cent years the eve- -AcTza3sing cast aod complexity af canned aircra for operacios in a batzle-

onment haa .led >
typea of aisaions. For higz:z
limited _il: ez

T3isal of the use of Remolely ?ilaced Ve- 23 (PVa) for ceruain
30 situatlions in wiich aircrev arz at -v:: ‘- use af =xpeadable or
Jravided the venicla conctrall i :ne.:uc:::‘a:-]
guldaacs and control imforsacion, tae APV can 303sess an apcrational zomparaxble with that of &

mnned airsait. The Toles aoer suited to a tatilefield APV are ’

i) Target “acking ‘
ii) Reconraissance
iil) Iy

The zenetmation aof the Y Seyond tns Torvara Zdge of the
aof ¢ rvlay scatior located xuck that fTs als

Ay necessilazes Ihe usc

ie. : vw cp =y- M .
Titude ia adecquata o Ta: IIataCT 4yt the PV <aile
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iey soaition is Fech 18 o Be out of sange of 3AMs. The mzlay MY 3¢ either a statiosary platlora or
solliag aircraft. In the latlsr case, Ibe contToller can be located ia the aicraflt. Mor: umua
Zhe ume af a greand cont-ol atatica.

e APV spocld he as smmll as posaible cogratible with the 2bove niassion tasis udf:i: Teans
—eotsicTiog the comulexity of the omboard avicuica.  Although squipmenl suci aa !am.r? Aoox;‘;; acd e
aaissance sepsors, a data link and joaaibly a laser erv of peceasity located om the 1:n;»cl-, t3e daviga
apd juidance equipment cxn Se largeiy accosmodated on the T=iay veaicle ur.a? the gwound :u:‘.?:.
sensors sl-wady on board tha PV can e used o arovide a savigmriosoal facility wnich can suppleasenac 1 sivplie

odeat accurmcy Tyoted 5ACR as a compesa/air data anit.  The bmsic miriorae systes vould srovide sure:
information for geseral Zlying of the 3IFV, i.e. neadiag, Telocity and 1 Tough zeamure af poaition, wn
+he additional sensors can e used fo provide an accurate scasure of pressnt 3PV jcamition. TNis ;
i adopted aere and the Daper preaests a aumber of alteramctive techniques wiaerudy, depeading oa tue zac:
:i‘:unt:'_on. ocne or more of the abave items form jart of the overal®l aavigation eyatea.

coa-

i4a

ilenz

Tirstly, the data link ix required to maintain a constant ar reqular periodic contact with the XV 4y
seans of a lar—uv Jeam - width microwave link, hence a tmmcking facilit7 wust already existT on the elay
vanicle providicg PV bearing information. dange informmtion can be 3rovided by means of a responsire
t-manaponder similar ta an IXY aystes atilising the same venicle anteonas.

Secondly, update facilities can 3e provided by »eans of either a real time farvard lookiag ar vertlcal
—~wconnaissance lmmge ased in conjunctioa with a zoving mp display.

4 third jossibility makee uoe of the rmnging laser ased for taryet mricing purposas. Za route
and f-om the tazrgel ares, range-to-tsrruin mesasurcoenta can be transmitted over the data link o the zopizol
station. Thia data can then be correlaced ‘with a cowputer etored wap io determine the maat likely 2FY
pomition.

The adaption of one or mory of the apove techniques leads %o a significent isproveaest ‘n zavigm
eccuracy with littls or no edditiomal cowplaxity in *he vehicle itself.

2. FADI0 NAVIGATION OSING A DATA LINK

“ue data link Zorma the life line of comsunication betweean the IV and t4e contrul etatien. L8
the means by waich ‘uldu:c_-_iﬂ}; to the 2PV are trmnawitied and video aiguals received. 3ecanas of zhe
teed for videbsnd UiapAmdssions of video signala (typleally 5 M Hz) 4nd the desi-moi'ity af na-—ow Sean -
widta, low side-lobe antensas faor good anti-jasming capability, wmcrowave ‘-zquencies are geaerally emnloyed.
This limita YPV opermticn to line of eight comsunication and hence my Jecessitate the use of airderme —zlay
stationa. A posaible opersticnal situation {s shown ia Fig. 1. In prmcrice zhere my well he wors ttan
one rslay station and RV, It {a eavimgod Shat the relay station will stand back f:oa “he FTRA, ouc of
direct range of gTound-to—eir weapons. Thias does oot however jrevent tha snegy mmking use of either yzuuad
or airsorne jasmers %o i]lluminate tha -elay vehicle, therwby reducing the efZcctive xignal-to-acisa nxtio
of the sigmala received from the IPY. Two situsticns can ve distinguisned, one in which the —elative
relay - 3PV geometry i{s such that ‘he jamxing signala are -eceived by the relay anteana -minlooe, ia waica
~mse the 3igonal-to-noise mtic ias low. The second sitaetiom -elates 20rw to large lateral seca-atians of
lammars and the 5PV in which case jasmwding sigoals eater the relay antenms via “he side-lohes. ) Ia sach
cases, the signel-to-—caise rmtio aay 30t be mgnificantly degraded and wmimnei-ed opermtiona can contizne.

Vhea the effects of eneay TH can be neglectad, i.e. the relay station -wemining in coatact with =he
2PV, angular informmtion {s directly aveilable froam the data link anteuna and range can he derived asmiag
conveational IME techniques. Thua the josition of the IPV relative to the -elay station can 3e reasasanly
well defined, For absolute location of the EPY, clearly the poaition of the :wlay vehicle needs %o 3e
defined. in the cass af tethered nlatforms this 1 uo probles but for patrolling airzrmft or Saveriag
vehiclea “Se er-or of the relay vehicle mavigmtion system zma alaso to be takes ‘nto account. An avermil
arror can be eatismted from the followling equatian.

T

Typical results are presented {n Iig. 2.

Pertapa af wore {mportance is the dymamiac problesm of guiding the ¥PY to a given poaitiom. Tor %4:isx
cade it s deairmble to have a good imowledge of the IFV hemding and velocity es well as its areaenc soaition
aa-doard ‘?!gﬁ-_ﬂ}w-nt. for exmasple, satimcas
of heading and velocity provided by the compasa/air data system can be coaperod with time dependent wnge
and bearing dats derived from the date link to obtain ‘mproved eetimmtes of PV poaition, velacity and

Yaadirg. Tilgure 3 zhows the geowetry relevant to a } point moving viadow treckiag technique. The eading
of the PV :an Se writtea in functional forw as

L A P L LY -(2)

This gegeml

T2quires mors procesaing e{fort than the decer3i-atioa of rwnge or velocity.
or hovertiI rzin~ vediclaa Vg ia clearly tero i{n the abovs -7uatian.
use inaercodent _aZa Cthe rweulfa are heat combinea ualag
20 use & lcast squarva technique (ses eferwnce L).  iAlternarively, an integrated filtsring 3etlad aa
described in Reference 2 mmy de exuloyed. Thia lattsr -eper suggedts a significant iooruvement in cavigmt-
ional accuracies 3y cwoploying (iltaring techniquea. ‘

Tor tetharzd
Since the on-ooard and ~tmota sT3Ccan
.-utidcical filter. Tho aimpleac mpproaci -i

In XM egviroomeate, range inforaat{aa to the AV cagnot be guarmateced though 1t L3 Likely trat
Dearing laformmtion caa 3till be darived. To eaCimate %3¢ APV posifics fa such circucatancea, use can be
mde of ibe posaibls wzultiplicity of relay statioaa. Trom xnown locatloaa of the relay vehicles, croca
Yeariag Zixes ga the TV of iatercet can he aciizTad. This t3 » vell kaown location %echaigue, both for

1i= #0d zarizae «unolizailocas. A decallcd saa’7~l2 “ta sectod 18 7iT=a 13 lererence 3. Tor tha reseat




apaiyeia a 3or= wseful sxpr=saion Ior position acsuracy is

E :, 1 P 1 5 sia me) VT
Jqey Ty U3 a1 EUAED J1- (2D sia vl \'
A0 :asc -(3)
Resulss derived from zquation } are piorted ia Tig. *- It =an be snown 7rom the adove exprrasiono That the

‘Jear accuracy ia achisved wnea ¢ = -3 and /D = 0.3536. Tlua for good acciracy usiang
the separation Jetweed :he =iay srations snould de large compared with the penetsation of
t9e T22A.  Ta deteraine tle overall 3PY pogizion, the additlonal =fIsct of ~=lay sza

e teczaique,
IFY Jarond

must alse de taken iato cTouat.
>3- SAP MATCIDNG

So far «e aave considered on-board dead seckoning and rzmote -adio zavization teciniques. The min
groolem with these tecaniques is that the joeition accamcy {3 sither vizse or -unge depandent and 3o
additional zethods of apdating venicle sesitions are leceseary. A nuater of teciniques ar3 aveilaole for
an V. Tor reconoaissance zehiclea Saving ceal iime sensars, the rodlea is relatively stmaigat-{orward.
The ase of tither Side Loocicing Amdar {513) or ‘nfra led Line Scan (IRLS} syatcms meens that effectively a
mmp Ls gensrmted waile the senmor ia operstiag. Foa —woulting video aigpal t-ansmitted to the contial
semtion thus providea a metiod waerzgy “he PV poeition cen Se readily located.

One aystes widely employed for displaying sircraft savigntional inforzation is the arujecied 3oviag
mp display and a similar tecanique can be oegployed 3y tRe 3™ control station. Cur—=nt map aystema lave
the additioval fmcility of bSeing able :o comuine an electronic display with the »oving mp and 3efars=oce 5
discussas soee of She lateat developmenta ip shis fleid. Heking ume of thia principle, it =y be ossidle ta
sroject the seaaor ‘mmge onto the mp and datermine e IV pogition by mmtcaing the two irmgea. Tig. 5
sbows the drisciples of tie combined smp/sensor display srojection ayatam. .

In aractice it ia envisaged that the IV reconnaileance sensor irmge will oe zonitored on a TV
display. The uae of digitel scun convertera allowa a nmder of slfaroatire di{sulay areseatations (aee
Reference 5). Per-apa the moar convenical display mode for the nreaent applicatian is the olliag wmp
or “wsning scene' lecinique whers a aev 1i3e is added to the top aof the display and the scene ia nifted
3lovly downwarda.

“ben likely updata femtur=s arc seen (e.g. Tivers, croaoroads, distinctive mn mmde obiecia) e .~
{-ame is frozen., a :ragsfer butlon is ipitisted sod the digitally stored Zrmae ia projectaed via the mp S i
syecem. The mp ia then zoved latermlly %o align vii3 de arofected fouge. Whon the alignaent is fudged
adequate an accept datton is proesed and the preasent josition co—ardinates of the IFY updated, taki=g iato
account the =lapsed time for updating actiona. A-Jgoaible arrangement aof csperator conaole i« ehawn i3
7ig. 6. Coatrol af ile lomge Jictures and omp mtzhing Zacility is achieved througin the use of a loystick
gontzol. Some sinalatad results af this update :ecanique are anown in Tig. 7. “Soae reqults m; use
of SLA immgerY-.

“4hea the PV baa only real time sorvard-looking sensors, uae_can still 'bc :-de of “he TTwnsaittad
irmge to pruvida & Savigational update facility. Igwever, in ordar ta crsate the corTec: perspeciive mo-
lika projectioa, sporopriate transiormatiocn of the immge i3 neceasary. In photoqrusmet=ical ‘—;-DK“‘K' :n;..
is termed rectification though =ae apprupriate term n parapective art is enamorpaic projection. The
oriaciple iavolved is shova in Flg. 8. "™ha —eceived forward looking imege my be co-ordiomte trwnaZormed
eitber by optical Zac2niques atiliaing e«namorphic leme systeas or wlactsonically by memna af the scan
converter or projection CRT aweep circuitzy. Since the immge already erists i‘n electzical fora, tie
electronic immnaformmtion teciniguea are probably 3oeat suitadle. The mp type imsge projected onta the
display i3 30w timperoidal in snape because o{\r.n- tranaformation. M jor featurva on the mp cag again be
aligned aa deac=ibad abova. Ia practice several {actors coebine To mske 2s taak zore dif?icult than for
the vertical sensar caae

1) ; varying rseclutioa, comtrmat and inteneity acroas the display.
ii) dlstortion due to undulation of the termmin.
id4) the wildly exaggeratsd size of trees, hedgea, buildings etc.

Feace an altervative simpler update tachnique i3 vroposed for this s&itvatioa.

With a forward looking seasor display it is Jo3sible to wmrk objecta slect-onically with a joystick
cont-olled mer¥er aymbol; this ia standard HOD tecanology. The electrouils can be arrmaged mc'a‘:h.:
having f{Tozea a suitabls immge and marked an identifisbls point om Lt, & mriker sywbol appeara oa the
arojected mp. Alsa the field-af-view af the seasor, aa projected in the horizontal plaae, {e superimposad
on the map a3 e "bright up' sreseatation so that “he orientation of thae sensor viaw ia clearly sesa. “he
saame joystick is gowv used to :ilga the map with the oarker. To enoure correct aligneeant at leasc two
{deatification poiats (IP3) ar: ~=quired aa any given imega, prefarably three or four. In a caonvaatiaonal
airborna situatica the tagk of Darxing a target om a diaplay {a not easy and may teke several 3scoads. for
the situation dcacribed abave, Rtowever, the oroblem la one of marxing chosea objscta ca a [rozen loags ‘o
a shirt sleeve ouvirunment wand z24ce this aspect of the navigation problea is aot conaidered toc 4iffilcult.

Fiz. 9 adows some 3Lmiii:d resulis of the above update techaique. The :ifact of the brignt arza
13 clearly seea ia ~za%i” + warksd targeta.

L, TSARA [N MAP CORRIATIC ot
wrtt

Zeconnaissance or forwa:zd looklcg seaaars Jrovide a convenient oethod of uodaCing tka amrigatiea
systea. Yowevar, thesa acns3ors requirs a larze data link baadwidth to trmoamit *he video pictur=s 20 the
shatrol ceatre aad heace arz rilacrable to M. leduction of the video Bandwidtn reduces the (lect 3f
TN but with a cogsedsent leymacatlon of oicture -esalatioa. Hcnce «a alternative mathod of upcatlag

<he navigation sr3T:za i3 iedalriole. ™4 3ethod o Ya deacTibed uaes ing zeanurccencs 37 4he
Lo N ranging zeanurc ta mda 37 13

ei |
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laser 3Cd Idmparts tiese “iil Zorrrspondiag ranges obtilzed fooa a
4 soaputsT 1T :he cont-ul cemtoTe. The dara 'ink bandwidth Tequis
smai’ and zescsz i3 corTespoadingly less suscs=0t

praseatacion 2f the T=rraly strses i,

sTanseii e laser racgTa i vesy

ole o

2asicaily the teciaigue denends an an adecuats
Ta fly the V. The zerzaia ie 3tored as a series of
arca and these sre ased TO IONSTIICT a tomputer aodel af
roducizgz this data Zase [Tom the tap i3 conaiderable ut far + ziven zra:a
sisulatios of =he APV f1izat zach at the contIpi s=atTe iZen ailowa laser mange a3 :
m;‘-:u and a comparison Xade ¥ith agcrtual TangTagf Seastremeqcs. A seriss af
around zaa sxpeczed values {and iizited iy deviation 3@ nase 2XFeszad values 9y ma€sd aaviza
ec~ors; are also zested agaiast 3¢ scTual seasur+mencs am:.:.je 3¢sT rfosition and leading for the AT
found.

TzrTain aver

Tor a 2-0 simulation, winers it {3 only necsasary 3 feterxrine the alongtack josition ar the 29
it tas been found that a mnizuwm 3f Iir:e Jeasurements (2 laser - ailimeter) ars aecessary > give u
Taliable iadication of pasilion, wnile for a 3-J sizulatisn at lsast four meajur=ments (3 lases -2
are rIquissd. These coacluaioans are based on 2rior-(r=e siaulacions. However, wnea ervors ars
inro aczount it "as deen Jound aecesmary to considermbly iacrease the aumoes of AchIuTT@mENCI 0 =f7
ssooth out <he arrors. Amst Irua the srrors involved it Ite actual laser s IUTToLNTS The accumy
terrain rapresentation haz a consideruble influence on the Zeasi3ility of :ne zetnod. fn additiea,
tachnique is inefZective over *he sem or over f{lat, fastursless te-caia. Hdevertheless, 2y comoic:
zethod with thoase described >rsviously, an effeciive cavigatisn system is offer=d “itlout zie jecess
far specialised aavigatiom squipment.

The »ethod hma Yeea demonstrated using a cowputar 3imulation of Soth

< " 3igulation the laser rangs zeesur=czeqt and
range satcaing processas, Seariag ia mind that the lat<er ancuid aont simply Se a “everaal of :he o

as =hi3 would ocglect the "rzal world"” errors caused 2y immerfect repr=seatatioa of he termaia.
sizulacion of the mtcoiag >rucess ia drzcisely tha Jroceas Shat ig required to be carcied out at sse
contrel centre, while the siculation of the laser neasurzment is an attempt lo predict the ~esults »f aczual
mzeasurvoents rmade from The veaicle during flight. dencs cazeful representation of zhe ta
used for nmeasurement almuiation vith Zerzmin d-\:a'point: stacsd 100w Apart oam a1 rsccang

T/la 2as eea
wlar z=id.

The Twnge a3 seen DY ihe laser is calculated by takizg 2 section through the terrais i1 the
in whici ihe laser is joiatiag. Aesuming a mowledge of ae RPY height above the terzmin 3 [Zrom 2 tadio
altimeter) and the laser Scam depressions angle 3. the .
the laser/terrain intersection soint I,

Jorizontal twage M and incremeatal aeizat
folloving dara is then tiansmitied Zrua the PV t5 the contsol cenatre -

Tolative o the 3PV romitien X, can e calculated (7

1) neignt difr 23 ... 8,
eign erencea 31 a i 2 A
ii) Serizontal - o PETR * CU
rizontal runge 251 - A T{n
iii) laser azimuth asgles Bloeaees B, B

1

From a knowladge of PV velocity and heading and an sstismte of likely savizati
PV sosition can be predicied together with a cirele of Jaadidle errar (Fig. 12). A search zan or=
ve made vithin t4ia circle o detarwine the zmost likely 3PV >osition. For each jositica coazidesad, the
terrain heigut 3 ia known roa the modal and at range SH. and bearing ¥, froa that Jowition e exseczed
termain haigot {3 given 5y 3 » 1d,. This i3 cowpared 5“!: the u:tun_lxtumin heié':: at thac seiat (as
storsd by the aodel) to give o srfor €. Sy-considering each i, and gy (i = 1 to a) an S ermar i3
obtained for each position, and the poaition with minimus er—or fivés the acat likely RFY >0sicon.

on errary, ths sur-ent

5. NAVIGATION ACCIRACC

In this section of the omper an attempt vill be made to compare iec cavigation accurscies atzaicapie

f-om the various techniques previcusly discussed. Q

For the basic on-board syeTem compriaing a amguctic compess and air data unit, the I3llowing rcsuracies
are predicted baased on curreatly aveilable equipment :-

heading 1% atandard deviation
velocity 2 standard deviation

This gives & joaition accuracy of epproximmtaly 2% distaace gone. However, a amiar sourcs af sr—o- will he
due %0 vind; although & corrzction can Se applied, az uncertainty {n wind sveed of the ocrzer of 5 /3 is
oot unrsasonadls.  Aaguaming an HPY velocity 200 w/s this reorese i

) at3 2§% giviag a resultanc josition accuracy
of the orcer of }y% distance gone.

Pange-beerinog tachniques have been used for TADY TJeAr3I a3 exempli

{ied 9y TACAN/DHE —axvigatioc. “aea
using Jround Yeacons a smjar sourza of ervor ia multipach srovagacion waich 3i7res —iia to large srTics ia
23T173 707 ¢ Jearing ta a station. Jawever Ihe modera systems which uge 1irborac beacans oversczz INis e
. %Iz ls the aituatioca whicl exist3 when Il.ring 3PVe,

Tlearly target bearing estimtion f{roam the e=lay veaicle i3 a major cont-ibucor te PV

lacacion
accurxcy. Since aicrowave frequenciea,

perneps at X-oand, coupled with wonooulse 4atarmiracioa
2rz ewanloyed {n the r=lay vcaicle, good aagular eatismtes af she RPY bearuig ire avajilanle.

degcndeat oq a2atcoos 3ize, frzjueacy of operation and 2gaml-to-aoise mwrtia. It i3 conairdered Tha: at
teasC 17 standard deviatioa ahould be ceadily atzainable i1 a sractical syssea. from Fig. 2 it i3 seen
ttac iai3 gives a4 typical PV positlion error better than 2 4g standard daviation at 1QQ

u range. The
1itlizace saor: range accumacy 13 clearly depandant on The aczuracy of the r=lay rehicle carigation systea.

01
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“hen ‘ammizg sAvisonzeats e s=lay
senicles, the zcoss deariag Iix *y for AFV
~sosizion 3 3. 4 shows a o0 a Trelacive scale and clearly indicazes e dosition
dependent acsaracy effect jue successfully in a ical situacioen, i3 decsssmacy
<5 zac=fully select The scation positioas for tae Tzlay venicles e I3 The bazt d.

= aa a zuice o tSe area of ac *y of the technlaue,
25 1 distancs ZTom ide daseille Ji-ae ~ougaly squal 2 the rrlay station serasation.

anvisage IFY operatisas out =9 iC0 xa om the —=lay, -T:“ "t.ay stations snrould de Lacated LIZ 3 f-a3 each
other. At this scparation, 3 a Jearipgaciuracy esiization of 1 erancdard deviacion the ¥V zan Ye
located o a mmxizug accuracy of 1.5 wm stancard deviation. Coambining *his with a typizil relay 7vezicle
position accuracy of 0.5 %m mmises Tais Zigurs 9y less than 0.1 «a.

13 rarrsszoncs

Takiag the 3Tk accumacy

Navigution updatliag aa8izg 1 -ral tipe picturs Irom 1 vertical reconcalissance seador jsovides 1 very
accurate means of jositlon Tixing. Tig. 7 shows scme sisnlated -=sults Sased on SI2 jmmgery. The
sicture quality of -hese —adars is iees S0 %e 3ore than adeguate o ideatily zhe min geogrphical termain

nd man >sde femtursi. 1a zhe sxample snown, lae Tiver bank provides a zood i Curs.
W of mismlignment of the mp and rmdar image. Ia Tiz. T wo ars aligaed. Some
errors are present due Io 2e scale campresaion sffect at Tanges cloae g e 3%V and this i3 eflecisd in
mp projectien discortion. Irena without Furtier video Processiag to corrze: this effecz, il is consider=d
shmt a locaticm accazacy of 3.2 xo is attainable.

han using 1 forvari Lookdng seensor ‘or map mtcaing the useful rwrge of Tae semaor s llait:d %o
~. 3 ‘m, hence tie mtciing will De doge over a smll area and a larger scale map zan Se used (cf Tigs.
7 and 9). This, Seogetber With the fact that considermole detail will bHe viasible *n *he forsg-ound af
the display, Suices the == ing task ssajer allowing a =mteh %o witdia sy 100 2. Unforticately Tarious
system ercora can roducs lacorr=cT +-apsformtion of the display and -esul® in significanc jesition esTora.
The scurces of srror and tieir effects ars the mae irrespective of whether a full display ‘ransfaraatios
technique i3 being used or only mariked identification poiats. .

t-ack sr-ors should Je ssmll %iace the only ervor i3 that due o zarking the lisplay in azimuth.

Acraes
Display sarking u:ggld e pessible o withia - 2% full ascale, allowing for 20th operator 23d =mrier systea
er-ors. For a 0 FOV secaor tiis corrreponds o an angular arTar of 10 3 rads. Jisplay 3zeiata of intereat

arv gxpected %o de at rarg=a between ! and 2 !an and for accurmte across track mmfchiag a z=as aad a lar v
soint should 3e zhoaen. Thig will zive seasor 2eading o witiin 30 a3 -eda and acosa Srack sroors < &,

i_g. the matcairg ia =he Diggest source of ercuor.

Along tmieX erzor3 aam Se auch greater. The -ange to an ideatificacion 3oict ia given oy

whers b is zhe leizat of the PV above tle ™ -

3!}‘ is the downlook angle Zrom PV to whe IP

The aost signi’‘cant sourcca of 3c=or in deter=ianing 31—_,. wvith typvical values Zor standard deviation, are
i} Unce—~ainty ia IV altitude =~ 3 @ im 150 a {.e. 2% %
£3) Ondulating sarcwia. The effect of uadulating tertain i3 exactly the zame as
variations in 3PV altitude. Variations =, » 20 a ar: zxpected, i.e. L3% 4.
4) Display -mriing. Zrrura in _mgkxn.g the display in elsvation are agaiy estimated
at v Z% full scale. For a 20  vertical TOV thia is 3 3 -wd.
ir) Uncertainty in sensor attitude. The accuracy with wnica the sensor attitude is
kpnown in elevation i3 dependent oa the equipmeat {it in She RAEV. A value of 2 =
ad i3 assused. Tf the atiitude is oot ‘mown tao this sczurmcy an estimate can
probably be mmde from the pasition of the horizaa.

For ideatificarion points at « aowipal runge of 1.5 Ja» the above factara give %he followi=g indepeadent
errors

1) 0= 14} 200 a i1i)} 100 = iv) 25 a4~
The comhinad effects of theae er-ours and the hasic emtching error iz 20 a.

La yat it haa 20t deen poaaible o quantify the aavigation accuracy :tat cauld be achieved by tie
laser/tearrain correlation systea. It i3 a functiom of ‘he terraiaz used and 2e accuracy of ter-win
representatian. Srelizinary results of the simulatioan lescrided previously ars availadle vith e affects
of errora i{n

- lnacr beam depression angle ( 2 a rad, L a)
- laser range measurcaent (6 @, 1 d)

. -adi3 1¢ignt sessurcacac (3 a, Lo}

_  tersiin asigat pepr:zeziatiom (% 3 3,1 7))

represcated. Thess -caults suggeat that the technique is viable. Nevar-hcleas the scarch teciziaue used
to obtain these reasults wma very much sizplified; {or cach ocavigatioa aticwpt the tTue vehicle positicn vaa
presented to the gyataa wloag vith oumerous 5ainta {n the acarcd area. In prectice, Ize t-ue jo3ilzoa would
2ot be avamilable and 30me degradation ia rroulta would thes be e¢xpectad,

Farther vork is cequised o ascer-1ia the crelation betwacn sarigation accuracy scd ersors {n termin
alnce it appca=s Ihat terrain reor=ecatation {3 ao iaporTact Mart of the concedl
7 Trom star=o3ccIic photogrwahs should Field canaicermsle :2zr3vcacat aver data

repreassatatiaa. dowar
“em—ina Aata takea di-




saken Z-oa moa. Alae mar=rul conaideration i3 rzauired aof t4e ontizua searca tecznious waica would Sa
4aed In practice.

3. COodCLI5ICHS

A aavizarion caoncept ias Desg 3resested vher:dY 2 good lavigation accarmcy (down 0 .
~talisad Zor am IV wiith the 3iadiyum of oo-gcard squipment. Zaole L summarises tte accamac
b i3 >roposed ikal sevaral of theas be iacarporated i3to zhe overs:! T

Zor 2 ziveq situacion.

Tarious techaziques availadle. ; or
contTol and guidancs gyatem 30 ibac the contruller can select t3e ome agst suitanle

‘fbhen a wide bandwidth data link zan Se —mintainad the map mtehing technioue usiag 313 or IFS
2ffecra the sizpleat and most accurmta solution vith .'_‘:e Jonard looking sensor aa a 300d alteramtive. Iy
does dowever, ispoee a large vorkloed on the contrvlizr since, depending s5n the accuracy of thc basic oo-
Soard systea, the updating deeda o be performed svery fevlmutlc?.. A secarate m‘rj{p“m. i3 thers=fare
eavisdged, keapify Srmck of severml IfVs. - g-ct:-;?n‘_c davicee waich are carsently Seiag feveloped %o
perfora area zorTelation for automatic elsctro-optical trackirg my lead o automcion of tle mtchi-g
taak in the Iuture. 4

Vhers ibe data lisk is limited in andwidth “ha laser/tersmin corzelation tachnique sseuld give gadd
sccuracy and the prucess could be completely autosmmrted to provide a coutinuous indicatien of 3PV poaition.
Jisadvantages of the system arw the large amount of data ssorage and computat:i
zsatre, the developmeat work Tequircd to pruduce an operational Iysteam and the
over eaturvlesas terTmin.

on 3eceasary at *he comrrol
unsuitanillty of he syatea

Altercatively recourse can be aomde o & system based on memsurements mde from She s=lay staciona.
These arw well satablished techniquea offaring good accurmcy at ahart manges aod zodedt ecTuTacy at loog
Sanges. Agaia a completely automatic system is joasainle.

Ia thae sveot of & toral failurs of the 3PV cactrul/guidance link, the on-boacd Iystea would he
adequate to allov the RPV to davignie itszels back %0 a pre-defined recovery area.
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TABLE 1

Cooparison of 3PV Havieation Technicues

Tachnique Accuracy-ta {1 7 ) Coxmant

Compeaa/Air Data

N . 3¥% Distance goae
¥ . ter 100 ‘m e
3aasic Ou-3card Syscea 3.5 after Dependa on wind egtimatas

lange-3earing

~om Ralay Statioa

a .
1.8 et 100 o ~aag0 1" Bearing accuracy

Cont:auous

. Naviznzion
Croas 3earing Tix

0
. . L~ Bearing accuracy
Z-om Felay Statioos L6 2t 100 = mes: l 100 2 haseline
liser Ranger-Torzain 0.5 Dapenda on the accuracy of
“ap CorTelatioa ) the termia represeatstion
Yap Natcoing with 0.2 Accurscy lim{ted by 3
Reccs leasor - disolay aystow Jodate
Tecraigeca
“ap YaCchiag with 0.2 ia abova. Addit{qaql |
o .23
Forvard Loodng Seasor °Iors doe 9 dianlay marxizg
sCa. Altitudg 150 1n.
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TYPICAL LASER
BEAM POSITIONS

Fig. 10 Terrain Modal.
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DISCUSSION

» Halliwell, Dacca Systems Study and ¥anage=ment Jizision, T

Tsiag the terTain 3aap cor—elation dethod, ar: thTTe ranges r=aily abls O give an icue posizan?

~he=s ars jrobadly anT solusions in each case, only sne ar which i1 marcect. ifter N falsa -
a r=set the “Tie Josition aay be suzaide the ar=a 37 uncer=ainty for zhe zexs Six. Have rour H

iisuiations skosm aay tendency %o this affecz=? z

G e A A e Gt T bk o At

J ¥ Lycns, T|a, X .

Por an errar-irae sy3tasm thres range zossureaents and redioc height »ill in general be admquats ta
giTe an wnique poaition within ¢ liaited area, “hough it i3 poisidble to conceive terzain
coafigurationy whers thiz would sot nald. The 2ethod will not work over flat featureless
ter-ein., 4lso, in a real-worli systea, errors viil 3e oresent and furcher renge lessurements
will be necessary o smooth the sflecis of thesa. For convenience and to avoid a clattered
nresentation only three scasurements wers illusTrated in Fig 12

e et gt wrmen

ena el

The area of uncertainty {or ths next £ix depends = erTors asilociated with the eatiamatian of
gresent position. However, when an updats i3 atTleapted, a conridence lavel can be estizated
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Digital Elevation Models

Digital elevation models

Digiwal elevation modei (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 only), and
1-degree units.

Data production

DEM data for 7.5-minute units are
collected by four production methods:
(1) the Gestalt Photo Mapper 11 (GPM2),
an autormnated photogrammetric system
designed to produce orthophotos, digital
terrain data, and contours in subunits
called paiches: (2) manual profiling from
photogrammegic stereomodels using
stereoplotters equipped with three-axis
clecuonic digial profile recording
modules, by scanning stereomodels
along successive termain profiles: (3)
nterpolation of the elevations from
stereomodel digitized conwurs, derived
from stereoplotters equipped with three-
axis digital necording modules used for
compilanon of 7.5-minute topographic
quadrangle maps; and (4) interpolation
from digital line graph (DLG) hypso-
graphic and hydsographic data, collected
using scanners, manual digitizers, and
automated line followers.

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

DEM dau for 1-degree units are collected
from wpograghic map sources, ranging
from the 7.5-minute map series 0 the

1- by 2-degree map series, or from photo-
graphic sources by using image correlation
Systems.

Unit size and file extent

DEM data for 7.5-minute units corres-
pond to the USGS 7.5-minute topographic
quadrangle map seres for all of the
United States and its territories except
Alaska.

DEM data for 15-minute units correspand
to the USGS 15-minute topographic
quadrangle map series in Alaska. The unit
sizes in Alaska vary depending on the
lautude. Units south of 59° N_ cover 15-
by 20-minute areas, those between 59°
and 62° N. cover 15- by 22 5-minute
arcas, those between 62° and 68° N,
cover 15- by 30-minute areas, and those
north of 68° N. cover 15- by 36-minute
areas. (All values are latiludc-longiludc.
respectively.)

DEM data are produced by the Defense
Mapping Agency in I- by I-degree units
that correspond 1o the east or west half of
USGS 1- by 2-degree lopographic quad-
rangle map series (1:250,000 scale) for al)
of the United States and its termwnes. In
Alaska these are wesg, central, and east
hies.

All nonstandard quadrangles with near-
lines that extend beyond the sandard ynit
size 10 accommodaie overedge boundaries
are collected as multiples of the standard
unic sizes. These data, therefore, are sold
as 1wo 7.5- by 7.5-minute unis,

7 Data characteristics

; All DEM data are similar in logical data
structure and are ordered from south 10
north in profiles that are ordered from
west to east. However, they differ in
geographic reference systems and
sampling intervals.

DEM data in 7.5-minute units consist of
regular armays of elevations arranged
horizontally on the Universa) Transverse
Mercator (UTM) coordinate systemn 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 variable angle
between true north and grid north in the
UTM system.

DEM data in 15-minute units consist of
regular arrays of elevations arranged
honizontally to the coordinate system of
NAD 27. The spacing between elevations
along profiles is 2 arc scconds of latitude
by 3 arc seconds of longitude. Each
profiic has 451 elevations,

DEM data in 1-degree units consist of
aregular array of elevations aranged
horizonally using the coordinate svstem
of the World Geodetic System 1972
Datum. A few units are also available
using the World Geodetic System 1984
Datum. Spacing of the clevations 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 lautude. Latitudes between 50° ang
70° N. have spacings at 6 arc seconds
with 601 elevations per profile, and
lautudes greater than 70° N. have
spacings at 9 arc seconds with 401
elevations per profile.
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Data records

A DEM file is organized into three logical
records, typzs A, B, and C. The type A
record contains informauon defining the
general characterisucs of the DEM,
including its name, boundaries, units of
measurement, minimum and maximum
clevations, 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 elevation data
and associated header information. There
15 a 1ype B record for each profile. The
type C record coatains 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
inwrpolated clevations in the DEM with
corresponding map location elevations
and computing the staustical standard
deviation or root-mean-square error
(RMSE). The RMSE is used 10 describe
the DEM accuracy. The ventical accuracy
of 7.5-minute DEM's is 1S meters or
beuer. The |5-minute DEM accuracy is
one-half of a contour interval of the
15-minule wpographic quadrangle map

or better, The 1-degree DEM data have
an absolute accuracy of 130 meters
horizontally and 30 meters verntically.

US GeoData Sampler

A US GeoData Sampler is available for a
nominal charge. The sampler includes the
7.5-minute DEM and the 1:24,000-scale
DLG for Tumwater, Washington; the
1:100,000-scale DLG for Tacoma,
Washington; the 1:2,000,000-scale DLG
for the northwestern States (WA, OR,
and ID); 1- by 2-degree land use and
tand cover data for Seaule, Washingon;
the 1- by 1-degrce DEM for Seaule,
Washington East; and the Geographic
Names [nformation 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 tapes 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
comer 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 Eanth Science Information Center
can fumish indexes, price lists, and order
forms. Data Users Guides are included
with each order.

For further information, contct:

U.S. Geological Survey

Earth Science Information Center
507 National Center

Reston, Virginia 22092
1-800-USA-MAPS

0134;
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Structure of Digital Data

The Eanth Science Information Centers (ESIC) distribute digital cartographic/geographic data files
produced by the U.S. Geological Survey (USGS) as part of the Nadonal Mapping Program. The
dara files are grouped into four basic types. The first type, called a Digital Line Graph (DLG), is
line map information in digital form. These dara files include information on planimetric base cate-
gories, such as transportation, hydrography, and boundaries. The second type, called a Digitat
Elevation Mode! (DEM), consists of a sampled amay of elevations for ground positions that are
usually’ at regularly spaced intervals. The third type, Land Use and Land Cover digital data,

Geographic Names Information System, provides primary informaton for known places, fearures,
and areas in the United States identified by a Proper name.

The digital cantographic 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 usefu) for the production of tartographic products such as plonting base maps
and for various kinds of spatial analysis. A major use of these digital cartographic/geographic
data is 10 combine them with other geographically referenced data, enabling scientists 1o conduct
automated analyses in support of vanous 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 1:24,000-3cale Maps - g3
Digital Line Graphs from 1:100,000-Scale Haps - 3$1.950
Digital Line Graphs from 1:2,000,000-8cale Maps -~ 3]1.50
Land Use and Land Cover from 1:2,000,000-5cale Haps - $]

\lO‘\J\bLJNr—‘

Digital Elevation Models - 31 0 HE
Geographic Names Infocmation System — $1 { Jq)p
Alaska Interim Land Cover Happing Program - 31

Data Users Guides 1-7 Teplace Geological Survey Ciccular 89S 8-G.
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DIGITAL ELEVATION MODELS

71.5-MINUTE DIGITAL ELEVATION MODELS
Characteristics
A 7.5-minute DEM has the following characteristics:
. The d;ta consist of a regular amay of elevarions referenced hgrizomany in the UTM

(NAD 27), North American Dawm of 1983 (NAD 83). Old Hawaiian Datum (OHDy,
or Pueno Rico Dartum 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 10 north in profiles that are ordereq from west to
cast.

. The data are siored 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 between the quadrangle’s true nonh and the grid nonh of the UTM coor-
dinate systemn.

. Elevations for the continental U.S. are either meters or feet referenced 1o the National

generally recorded in feet. DEM's of moderate (o high-relief termain or g
from maps with terrain contour intervals greater than 10 ft are generally
meters.

Profiles for 7.5-minute DEM's are Generated by using a UTm canesian coordinate system as a
base. The profiles arc clipped ta the straight-line intercept between the four geographic comers
of the quadrangle--an approximation of the geographic map boundary (ncadine),

The resulting area of coverage for the DEM js 3 quadnlateral, 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 1abte 1*data element [1; the UTM coordinates of the starting points of each profile
are listed in the type B record (profiles), 1able 2 *dara element 3. These Coordinates describe the
i i Because of the
. profiles inter-

[n addition, DEM’s have profile easting values thar are continuous from one DEM 1o
ing DEM only if the adjoining DEM is confained within the same UTM zone,

See Data Users Guide 5 - Digital Elevation Models

b
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I-DEGREE DIGITAL ELEVATION MOUELS

1-Degree DEM (3- x 3-arc-second data spacing). Provides coverage in |- x I-degree
blocks. Two products (three in some regions of Alaska) provide the same coverage
as a standard USGS 1- x 2-degree map series quadrangle. The basic elevation mode!
is produced by or for the Defense Mapping Agency (DMA), but is distributed by
USGS in the DEM data record format, )

Characterisiics

A l-degree DEM has the following characteristics:

. The product consists of a regular array of elevations referenced honzontally on the
geographic (latitude/longitude) coordinate system of the World Geodetic Systern 1972
Datum (WGS 72) or the World Geodetic System of 1984 (WGS 84).

. The unit of coverage is a 1- x 1-degree block. Elevation data on the integer degree
lines (all four sides) correspond with the samc profiles on the surrounding eight
blocks.

. Elevations are in meters relative 10 NGVD 29 in the continental U, and local mean
sea level in Hawaii and Puerto Rico.

. The data are ordered from south 10 nomh 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 latwde. 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,

For U.S. 1:250,000-scale 1 degree by 2 degree areas, you need
to order TWO 1 degree by 1 degree DEM units: EAST HALF and
WEST HALF. They are TWO separate DEM units with 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°
3g° 38°
WEST EAST SAN JOSE
HALF HALF 1° x 2°
1° x 1° 1% x 1° 1:250,000-
unit unit scale area
3B8° 37°

For ALASKA 1:250,000-scale DEMs, some areas require THREE units:
EAST HALF, CENTRAL HALF and WEST HALF, if you want the entire Giﬁﬁq y
1




ALASKA DIGITAL ELEVATION MODELS

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

. Elevation data on the guadrangie neatlines (all four sides) share edge profiles with the
surmounding eight quadrangles.

- Elevations are in meters or feet relative o NGVD 29.
. The data are ordered from south to north in profiles that are ordered from west to
east.
Characteristics

75-MINUTE Alaska DEM's have the following characteristics:

. The unit of coverage corresponds 10 four basic quadrangle sizes for 1:24,000- and
1:25,000-scale graphics (depending on latiude):

Cell size limits

7.5 x 18 minutes State of Alaska north of 68° N latrude
7.5 x 15 minutes Between 62° N and 68° N lantde
7.5 x 11.25 minutes Between 59° N and 62° N ladmnde
7.5 x 10 minutes State of Alaska south of 59° N latirude

. The longitudinal limits of these cells are compuied cast and west of the -150 degree
meridian. The north-south cell limits conform (0 even multiples of 7.5 minutes of
latitude.

The data are collected with a 1- x 2-arc-second spacing in latitude and longitude,
respectively.  The first and last data points along a profile are at the integer degrees
of ladmde. A profile will therefore contain 451 elevatons.

Characteristcs

15-MINUTE Alaska DEM's have the following characteristics:

The unit of coverage corresponds to four basic quadrangle sizes for 1:63,360-scale
graphics (depending on latitude):

Cell size limits

15 x 36 minutes State of Alaska north of 68° N latitude
15 x 30 minutes Berween 62° N and 68° N latinude
15 x 22.5 minutes 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
mendian. The north-south cell limits conform to even muluples of 15 minutes of
latitude.

The data are collected with a 2- x 3-arc-second spacing in latitude, and longitude,

respectively. The first and last data points along a profile are at the integer degrees
of latitude. A profile will therefore contain 451 elevadons.

e
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Digital line graph data

Digital line graph (DLG) data are digital
representations of cartographic infor-
mation. DLG's of map feamres are
converted o digial 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-minule wpographic
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
matenials 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 planimetnc maps at a scale
of 1:100,000 are used, followed by
archival compilation materials.

Small-scale DLG data are derived from
such maps as the USGS 1:2,000,000-scale
sectional maps of the National Atlas of
the United Siates of America. Alaska
hydrography data were collected at
1:1,000,000 scale from Landsat images
from 1979, Other categones of dawa were
revised from 1979-80 sources.

Unitsize and file extent

f.arge-scale DLG data are produced in
7.5-minule 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 arcas and corres-
pond w maps at 1:62,500 scale. The unit
sizes in Alaska vary depending on
latitude. Units south of 59° N. cover

Plot ol DLG dala—nortwaest corner of Bambay, New York-Quabec Quadrangie, 1:24,000-c-ale showing
hydrography, roads and trails, @ilroads, miscellaneous transponaton, and hypsagraphy.

15- by 20-minute areas; between 59° and
62° N., 15- by 22.5-minute areas; hetween
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 to the
east or wesl half of USGS 30- by 60-
minute 1:100,000-scale topographic
quadrangle maps. Each 30-minute umit is
produced and distributed as four 15- by
15-minute cells, except in high-density
areas, where the 1 S-minute cells may be
divided into four 7.5-minute cells.

Intermediate-scale hydrography and uans-
poration DLG data are sold on compac!
disc-read only memory (CD-ROM). Each
disc contains al! the 13- by 15-minute cells
within the 1:100,000-scale quadrangles
that cover a State or States. Currently 3
areas within 14 planned sectional regions
in the United States are available: Area
3—southeastern States of NC, SC, and
GA; Area 4—FL; and Area 13——north-
western States of WA, OR, and ID.

Small-scale DLG dau that correspond o
USGS 1:2,000,000-scale secuonal maps
of the National Atlas are sold in 21 units.
Fifteen sections cover the conunental

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 1o accommodate overcdge boundaries
are collected as multiples of the standard
unit size, Data covering a 7.5- by §.5-
munule quadranglc area would, thercfore,
be sold as two 7.5-minute units.

Data content

Large-scale DLG dalta are available in
nine categories: (1) hypsography,
including contours and supplementary
spot elevations; (2) hydrography,
including flowing water, standing water,
and welands; (3) vegetative surface
cover, including woods, scrub, orchards,
vineyards, and vegetative features
associated with wetlands® (4) non-
vegetative features, incluaing lava. sand,
and gravel: (5) boundaries, including
State, caunty, city, and other national
and State lands such as forests and parks;
(6) survey control and markers, including
honzontal and vertical positons (third
order or better); (7) ransportation,
including roads and trails, railroads,
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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, inciuding
political and administrative boundaries;
(2) transportation, including roads and
trails, railroads, and cultural features
(airports and the Alaska pipeline); and
(3) hydrography, including streams and
water bodies, and hypsography
(Continental Divide only). All of these
categories are also included in the
1:2,000,000-scale CD-ROM.

Data structure

All DLG data distributed by the USGS
are DLG - Level 3 (DLG-3), which means
the data contain a full range of atmbute
codes, have full topological structuring,
and have passed cenain quality-conmol
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 contnuous,
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 spaual relation-
ships between features on a map include
concepts such as locanon, adjacency, and
connections. Data that mainiain the spatial
relatonships inherent in the map are
topologically stuctured.

Attribute codes

Atmbute codes are used to describe the
physical and cultral characteristics of
DLG node, line, and area elements. Aun-
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 altribute code
250 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 DL.G's are
available in standard and optional
formats. The standard format has reduced
storage requirements, 144-byte logical
record length, an intemnal file coordinate
system (thousandths of a map inch), and
topological linkages contained onty in the
line elements. The optonal format is easy
10 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
opuonal format is also the same as the
large and intermediate scales, except that
1t uses the ground planimetric coordinate
sysiem of the Albers Equal-Area Conic
praojection. 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-longiwde)
coordinate system expressed in degrees,
minules, 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 daia are organized
into 9 record types and the optional
format data into 11 record types. For
descriptions of these record types, refer 1o
Data Users Guide 1—Digiwal 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 muluple
latimmde-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 completencess, attribute
accuracy, and topological fidelity, For
large- and intermediate-scale DLG's,
additional data validation such as edge
matching and quality control flagging is
performed.

US GeoData Sampler

The US GeoData Sampler is available
for a nominal charge. Data contents
inctude 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 Seaule, Washington;
the 1- by 1-degree DEM (or Scaule,
Washington East; and the Geographic
Names Informadon System data {or the
State of Washington.

Ordering instructions

DLG data are written as ANSI-standard
ASCI characters in fixed-block format on
unlabeled or ANSI labeled nine-track
magnelic @ape at a 1,600-bpi or 6 250-bpi
density. DLG's may be ordered by speci-
fying the scale, format, maximum block
size, tape density, tape label, and either
the topographic quadrangle name or
section, or the southeast latitude and longi-
tude comer 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 either
one 6,250-bpi or three 1,600-bpi wapes.

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 furthey information, contact the
USGS, Earth Science Information Center,
507 National Center, Reston, VA 22092,
or call 1-800~-USA-MAPS.

June 1933
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DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

This document describes the Digital Line Graphs (DLG's) prepared primarily from the 1:24,000
materials associated with the USGS Topographic Map Series. The series will eventually provide
complete national coverage.

DATA CONTENT

The DLG 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 10 the traditional feature separates associated with the maps. The anribute coding
scheme for these data has undergone several revisions since the siart of the digital program. A
major revision of these codes has been printed as Standards for Digital Line Graphs - Pan 3,
Atrbute 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 10 these codes during the next several years,
Priority will be given to convernting fles retrieved in response 1o 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 0 customers when orders are submitted, and upon transmital of
data files. The following categories are included in cument large-scale DLG files:

. Boundanes -- This category of data consists of (1) political boundaries that identify
States, counties, cities, and other municipalities, and (2) adminisoative boundaries
that identify areas such as National and State forests. Political and administrative
boundanies 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. Sueams 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 rvers 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 parm,
within the States that were formed from the public domain. The PLSS subdivides
the public domain and represents properly boundaries or references to propeny
boundaries. These DLG data are not intended 10 be official on authoritative. They
are presenied as cartographic reference information. The only legal basis for
determining land boundaries remains the original survey,
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DIGITAL LINE GRAPHS FROM 1:24,000-SCALE MAPS

continued

. Transportaton -- This category of data includes major transportation systems
collected in three separate overlays labeled: (1) Roads and Trails, (2) Railroads, and
(3) Pipelines, Transmission Lines, and Miscellaneous Transporation Features.

In the last quarter of 1985, new transportation atiribute codes were implemented.
The principal difference between the old and new coding schemes is that under the
old transportation subcategory, centain miscellaneous transportation features were not
collected and descriptive attribute codes were not used.

. Other Significant Manmade Structures -- This category of data includes
miscellaneous cultural features not included in the other major data categories.

New attribute codes for Other Significant Manmade Structures were implemented in

the last quarter of 1985. Very litle data from this category currenty reside in the
NDCDB.

The attribute codes for the following base categories were newly defined in late 1985, Currendy,
there are very litde data available in these caiegones.

. Hypsography -- This category of data consists of informaton on topographic relief
(primarily contour data).

. Surface Cover -- This category of data consists of information about vegetatve
surface cover such as woods, scrub, orchards, and vineyards. Vegetative features
associated with wetands, such as marshes and swamps, are collected under
Hydrography.

. Non-Vegetative Surface Fearures -- This category of data consists of informadon
about the natural surface of the Earth as symbolized on the map such as lava, sand,
and gravel feaures. This category is not all-inclusive, as other non-vegetadve
surface features are found in the category of Hydrography.

. Survey Conuol and Markers -- This category of data consists of informaron about
the points of established position and third-order or better elevations that are used as
fixed references in positoning and correlating map features.
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DIGITAL LINE GRAPHS FROM 1:2,000,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:2,000,000-scale maps contain selected base categories of
cartographic data in digital form. The data files are derived from the sectional maps of the 1970
National Adas of the United States of America. The following tategories are included in current
1:2.000,000-scale DLG files:

. Boundaries -- This category of dara includes boundary information collected in two
separate subcategories: (1) Poliical Boundares and (2) Administrative Boundaries.

. Hydrography -- This category of data includes fearres collected in three separate
subcategories: (1) Streams, (2) Water Bodies, and (3) Hypsography (Continental
Divide only).

- Transportation -- This category of data includes major transporiation 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 distributdon format was designed 10 minimize storage requirements. Explicit
topological linkages are contained only in the line elements.

The Optlenal distribution format was designed for data interchange. These files are typically larger
than those in the standard format but, for cenain 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 o be compatible with the GS-CAM (Geological
Survey - Cartographic Automatic Mapping) software. This software provides for ploning line and
point information using a variety of map projections, scales, and graphic symbologies.

The files in the graphic dismbution format are derived from the topologically
structured DLG data described above, and contain a subset of the line and amribute 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.
data is available on a CD-ROM for $32.
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DIGITAL LINE GRAPHS FROH 1:100,000-SCALE MAPS

DATA CONTENT

The DLG data files derived from the 1:100,000-scale maps contain selected
base categories of cartographic data in digital form; these data cate-
gories do not necessarily correspond to the traditional feature s?parates
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, standing water, and
wetlands.

. Transportation -- This category of date includes major tcans-

portation systems collected in three separate subcategories
labeled: (1) roads and trails, (2) railroads, and (3) pipelines,
transmission lines, and miscellaneous transportation.

O 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 as a single data set.

. Public Land Survey System (PLSS) -- This category of data
describes the rectangular system of land sucrveys 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
sucface cover, and nonvegetative features are projected to enter the
production phase in 1990. .

-
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DIGITAL LINE GRAPHS

DISTRIBUTION FORMATS

The 1:24.000-scale and other large-scale DLG data are available in two dismribution formats: 4Y)]
standard and (2) optional.

The Standard distribution format is intended to minimize storage requirements. Explicit topological
linkages are contained only in the line elements (starting node, ending node, area 1o 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
10 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 10 be

easily created. These linkages facilitate GIS applications of DLG data as well as generation of
graphic products.

The characteristics of the standard and optional DLG formats are

Standard ‘and optional DLG format

Standard Optiooal

Character set 8-bit ASCI 8-bit ASCT
Logical record 144 bytes 80 bytes
length
Physical record Variable in Variable in
length (blocksize) muitiples of multiples of

144 bytes. 80 bytes.
Coordinate system Intemnal file Ground

(thousandths of planimerric

a map inch). (UTM).
Topological Contained only Contained in
linkages in line elements.

node, arca, and
line elements.




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.

INDEX MAP

NORTHEASTERN STATES

MIDDLE ATLANTIC STATES
SOUTHEASTERN STATES

FLORIDA

SOUTHERN MISSISSIPPI VALLEY STATES
CENTRAL MISSISSIPPI VALLEY STATES
NORATHERN GREAT LAKES STATES
SOUTHERN TEXAS

SOUTHERN PLAINS STATES
CENTRAL PLAINS STATES
NORTHERN PLAINS STATES
ARIZONA AND NEW MEXICO
SOUTHERN CALIFORNIA
CENTRAL PACIFIC STATES
NORTHWESTERN STATES
SOUTHEASTERN ALASKA
CENTRAL ALASKA

NORATHERN ALASKA
SOUTHWESTEAN ALASKA
ALEUTIAN ISLANDS

HAWAHAN ISLANDS
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APPENDIX --Sample DLG Data File (Standard Distributon Format)

(Bach 144-charncier record is shown es [wo coosequlive 72-characier lines )

GLEN ELLEN 1968 24000
3 1 10 -0.122033045000000D 09 0.380180450000000D 08 0.0
0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 2 0.610000000000000D 0O 0 4
-0.122625000000000D 03 0.382500000000000D 02 -0.122625000000000D 03
0.383750000000000D 02 -0.122500000000000D 03 0.383750000000000D 02
-0.122500000000000D 03 0.382500000000000D 02

0.609594407590000D 00 -0.28B8178569420000D-02 0.538248793410000D 06
0.424037445560000D 07 4
SW -8971-11376NW ~B8955 11375NE 8955 11376SE 8971-11376

1
BOUNDARIES (24£25) 795 16 795 7 530 20
N 1 -8971-11376 0 0
N 2 -8955 11375 0 0
N 3 8955 11376 0 0
N 4 8971-11376 0 0
N 5 -8966 13203 0 0
N 6 2101 11374 0 0
N 7 5832 11376 0 0
N 8 7513 11376 0 0
N 9 8956 7494 0 0
N 10 8961 2884 0 0
N 11 3469 10371 0 0
N 125530 9112 0 0

N 13 -3115-10127 0 0
N 14 7520 11175 1 0

30 1

-
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APPENDIX  --Standard DLG Distributuon Format (Record Contents)

In the standard DLG distribution format, the topological tinkages are contined only in the line clements. 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 data categories contained in this DLG and indicating the
number of nodes, areas, and lines in each category.

D1 A node or an area record.

D2 A line record.

E Record containing x,y coordinate string.

F Record containing atiribute codes.

G Record containing text string (not currently used).

H Accuracy estimate (not currently used).

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

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

2. Daua records

Node records Repeated
Node descaption (D.1) for each
Atribute codes (F) node within a A
Text string (G) data category
Area records
Area description (D) Repeated Repeated
Attribute codes (F) for each for each
Text string (G) area within a > dala category
data category
Line records
Line description (D.2) Repeated
x,y coordinales (E) for each
Aumnbute codes (F) line within a )
- Text string (G) data category
3. Accuracy esumate
Type H (one record) (not currendy used)
) ‘ :.'- i m
iJauy




APPENDIX  --Sample DLG Data File (Optonal Distribution Format)
(Bach 80-charscier record is shown as a singie line )

USGS-NMD DLG DATA - CHARACTER FORMAT - 08-29-82 VERSION

GLEN ELLEN 1968 24000
3 1 10 2 0.61000000000D+00 4 0 4
~0.1220330450000000+C9  0.380180450000000D+08 6.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.10000000000D+01 0.0 0.0 0.0
sW 38.250000 -122.625000 532812.91 4233413.86
NW 38.375000 -122.625000 $32757.10 4247282.79
NE 38,375000 -122.500000 543674.93 4247335.01
SE 38.250000 -122.500000 543750.25 4233465.56
BOUNDARIES (24&25) 0 16 16 010 7 7 010 20
N 1 532812.91 4233413.86 2 0 0
1 -10
N 2 $32757.10 4247282.79 2 o] 1]
-2 3
N 3 543674.93 4247335.01 2 0 0
-6 7 :
N 4 543750.25 4233465.56 2 0 0
-9 10
N 5 532773.94 4242301.15 3 0 0
-1 2 12
N 6 539496.77 4247314.04 3 0 0
-3 4 17
N 7 S541771.16 4247326.01 3 0 0
-4 5 -19 :
N 8  542795.89 4247330.85 3 0 0
-5 6 -14
N 9 543686.72 4244968.57 3 0 9
-7 8 -15
N 10 543703.06 4242158.35 3 0 0
-8 s -20
N 11  540333.59 4246706.56 3 0 0
-16  -17 18
N 12 S41593.59 4245945.02 3 0 0
-18 19 20
N 13 536379.09 4234192.12 2 0 0
S 11 =11
N 14 542800.74 4247208.34 2 1 0
14 15
90 1
N 15 537351.64 4243171.97 2 1 0
-12 13
90 1
N 16 538780.02 4243415.25 2 1 0
-13 16
90 1
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APPENDIX --Optional DLG Dismibution Format (Record Contents)

In the optional DLG dismibution format, wpological linkages are explicitly cm:od.ed for node and area
elements as well as for line elements. The files arc physically comprised of 8-bit ASCII characters organized
into fixed-length logical records of 80 characters (byies). Bytes 1-72 of each record may contain DLG data,
and bytes 73-80 may contain 3 record sequence number.

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

Four types of records are considered header records:

. File identification and description records
. Accuracy records (not currently used)

. Control-point identification records

. Data-category identificadon records

Seven types of records are considered data records:

. Node and area idendfication records

Node-to-line linkage records

Area-o-line linkage records

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

. Atrribute code records

. Text records (not currently used)

. s e s

The actual sequence of records in an optional dismibution format DLG file is as follows:

. Header records

Ten file identficauon and
description records

Accuracy records (not cwrenty used)

Control 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
Auribute code record(s) node within a N
Text record(s) data category

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

Line identification records Repeated
Coordinate string record(s) for each
Atribute code record(s) line within a 7
Text record(s) dawa category
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(] sincs this application Is in condition for allowance except for formal matters; prosecution as to the merits Is closed in
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whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause

the application to become abandoned. (35 U.S.C. § 133). Extenslons of time may be obtained under the provisions of 37 CFR
1.136(a).
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O claims) 1= 49
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O claim(s)
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Application Papers

: Ef See the attached Notice of Draftsparson’s Patent Drawing Review, PT0-948.
[ The drawing(sj filed on

Is/are objected to by the Examiner.
CJ The proposed drawing correction, filed on

Is [ approved [] disapproved.
(I The specitication is objected to by the Examiner.

[J The oath or declaration Is objacted to by the Examiner.
Priority under 35 U.S.C. § 119
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Serial No.: 08/587,731 2
Art Unit: 2304

DETAILED ACTION

Notice to Applicant(s)

1. This application has been examined. Claims 1-49 are pending.
2. The prior art submitted on January 19, 1996 has been considered.
Drawings

3. The drawings are objected to under 37 CFR § 1.84 for the reasons set forth by
the draftsman. See attached 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 § 102

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. § 102
that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless --

(b) the invention was patented or described in a printed publication in this or a
foreign country or in public use or on sale in this country, more than one year
prior to the date of application for patent in the United States.
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Serial No.: 08/587,731 3
Art Unit: 2304

5. Claims 1-9, 14-18, 23-32, and 34-45 rejected under 35 U.S.C. § 102(b) as being
anticipated by 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).

a. With respect to claims 1, 14, and 39, Lyons et al. disclose the invention
as claimed (see at least the abstract) including a remotely piloted aircraft (see figure 8,
RPV), a communications system for communicating flight data between a computer and
said remotely piloted aircraft, said ﬂigh; 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
a Data Link, and figure 6 and the related 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 compuier accesses 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 (see
page 5-4, third paragraph, and figure 8), and a remote flight control coupled to said
computer for inputting said flight control information (see figure 6).

Therefore, all of the limitations of claim I are met by Lyons et al.

0lobl




Serial No.: 08/587,731 4
Art Unic: 2304
b. With respect to claim 2, Lyons also disclose that remotely piloted aircraft

including a position determining system for locating said remotely piloted aircraft’s
position in three dimensions and an orientation determining system for determining said
remotely piloted aircraft’s orientation in three dimensional space (see pages 5-4 and 5-
5, section Navigation Accuracy).

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

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

€. With respect to claims 6 and 16, Lyons et al. disclose that the video data
is transmitted on a different communication link (wideband transmission of video
signals) than said flight data (see page 5-2, first paragraph of section Radio Navigation
Using a Data Link).

| f. With respect to claims 8, 17, and 44, Lyons et al. disclose that the display

is a head mounted display (see figures 5 and 6).

g. With respect to claims 9, 18, and 45, Lyons et al. also disciose that the
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remote flight control is responsive to manual manipulations (see figure 6).

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

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

1 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.

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

1. Claims 32 and 34-38 are method claims corresponding to apparatus claims
24-31. Therefore, claims 32 and 34-38 are rejected for the same rationales set forth for
claims 24-31.

m. With respect to claim 40-42, Lyons et al. disclose that the simulation unit
includes a network interface configured to communicate battlefield simulation
inférma[ion with a simulation network, said communications system also configured to
communicate said battlefield simulation information between said simulation unit and

said computer, said computer also configured to display one or more other simulated

—_
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entities described by said battlefield simulation information (see the Introduction,
Terrain Map Correlation sections, and figures 7, 9).

n. With respect to claim 43, Lyons et al. disclose that the simulation unit
further comprises an aerodynamic model processor for aiding in simulating said

remotely piloted aircraft (see page 5-4, second paragraph).
Claim Rejections - 35 USC § 103

6. 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:
(a) A patent may not be obtained though the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was

made.

7. Claims 10, 11, 19, 20, 33, 46, and 47 are rejected under 35 U.S.C. 103(a) as

0154
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being unpatentable over Lyons et al. as applied to claims 1-9, 14-18, 23-32, and 34-45,
and further in view of Kanaly (4,405,943). .‘

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

the vehicle from the remoted vehicle.

8. Claims 12-13, 21-22, and 48-49, rejected under 35 U.S.C. 103(a) as being

unpatentable over Lyons et al. as applied to claims 1-9, 14-18, 23-32, and 34-45 above

and further in view of Thornberg et al. (5,552,983).

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

remote flight controls allows for inputting absolute pitch and roll angles. However
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such feature is well known in the art at the time the invention was made. For example,
Thornberg et al. supgest a variable referenced control system for remotely operated
vehicles which includes means for inputting absolute pitch and roll angles for remotely
control the unmanned aerial vehicle (see at least figures 5 and 6). It would have been
obvious to one of ordinary skill in the art at the 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 vehicle.

Conclusion

9. All claims are rejected.

10.  The following references are cited as being of general interest: Diamantides
(3,742,495), Brocard et al, (4,218,702), Narendra et al. (4,855,822), Loard
(5,015,187), Fitzpatrick et al. (5,072,396), Rahim (5,155,683), Eiband et al.

(5,240,207), Steinitz et al. (5,266,799), and Khvilivitky.

I, Any inquiry concerning this communication or earlier communications from the
examiner should be directed to examiner Tan Nguyen, whose telephone number is

(703) 305-9755. The examiner can normaily be reached on Monday-Thursday from

610u0




Serial No.: 08/587,731 ' 9
Art Unit: 2304

7:30 AM-5:00 PM. The examiner can also be reached on alternate Fridays.
If atterapts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kevin J. Teska, can be reached on (703) 305-9704.

Any inquiry of a general nature or relating to the status of this application should

be directed to the Group receptionist whose telephone number is (703) 305-3800.

Any response to this action should be mailed to:

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

or faxed to:
(703) 308-9051, (for formal communications intended for entry)
Or:

(703) 308-5357 (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).

. W
July 18, 1997 _ TAN Q.NGUYEN

PATENT EXAMINER ) 010
GROUP 2300
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002055.P004 Patent LJ// ﬁ-.
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE /J
In re Application of: ,0- 5.72
Jed Margolin
Examiner: T. Nguyen
Serial No. 08/587,731
Art Unit: 2304
Filed: January 19, 1996
For: A Method and Apparatus for
Remotely Piloting an Aircraft
Assistant Comumissioner for Patents
Washington, D.C. 20231
AMENDMENT AND REMARK
Sir:
Responsive to the Office Action mailed on July 23, 1997, the Applicant
respectfully requests the Examiner to eater the following amendment and to consider the
following remark:
AMENDMENT
In the Claims: ‘
Please cancel Claims 39-49, without prejudice.

1 hereby certify that this correspondence is being transmitted by facsimile

ta the United States Patent and Trademark Office in accordance with 37 CFR § 1.6(d), on the date shown befow.
Name: Constance Van Dalen
Signature: A/}mﬂ Q’W ) O j. 5 fv {

Date: __Sepusmber {1, 1997
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Attorney's Docket No.: _002055.Pp04 Patent

In re the Application of: __Jed Margolin

{inventor(s})
Application No.: 08/§87.731

Flled: __January 19, 1906
For: A Method and A tor Remately Piloting an Aircraft

(title)

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Tranamittad herewith is an Amendment for the above application.

Small antity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been establishad by

a verified statement previously submittad.

A verifled statement to establish small entity status under 37 C.F.R. §§ 1.3 and 1.27 is enclosed.
__X __ No additional fee is required.

The fee has been calculated as shown below:
OTHER THAN A

{Cal. 1) Cal. 2 {Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Prasant Additional Additianal
After Amd. Paid For Extra Rate Fee Rate Fea
Total - . s
Claims 38 | Minus 49 o] x11]$ x22| % 1]
Indep. . o =
Claims 4 | Minus 5 Q x40 | $ x80 | & 0
First Prasentation of Multiple 130|s
L ! pependant Claim(s) M *260|3
* Ifthe entry in Cal. 1is lass than the entry In Col, 2, Total $ Total
writs "0" In Col. 3. Add. Fee Add. Fee $ 0

** i the “Highest No. Previously Paid For” IN THIS
SPACE is less than 20, wrlte “20" In this space.

* If the "Highest No. Praviously Pald For* {N THIS SPACE is less than 3, write 3" in this
space. The "Highast No. Previously Paid For* (Total or Independent) is the highest number
found from the aquivalent box in Col, 1 of a prior amaendment or the number of olaims
originatly tilad. .

Uhereby certify that this correspondence is being transmitted by facsimile
to the United States Patent and Trademark Office in accordance with 37 CFR § 1.6(d), on the date shown below,

Name: Constance Van Dalen
Signamue: 8’%’(& W
Date: Sepfember 11, 1997

015,4

-

-1- {LdV/oak 10/25/96)
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Achaeckintheamountof$____ s attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) for an Extension of Tirme of month(s) pursuant to
37 C.F.R. § 1.136(a).

Acheckfor$___ s attached for processing tees under 37 G.F.R. § 1.17.

Please charge my Deposit Account No. 02-26866 the amount of $
A duplicate copy of this sheet is enclosed.

X Tha Cammissioner of Patents and Tradamarks is hereby authorized to charge payment of the
following fess associatad with this communication of credit any overpayment to Deposit
Account No. 02-2666 (a dupllcate capy of this sheet Is enclosed);

X Any additional filing fees required under 37 C.F.A. § 1.18 tor presantation of
extra claims.
X Any sxiension or pstition fees under 37 C.F.

BLA OR & ZAFMAN LLP

Date: 7// 1997 Lo

I
’ Daniel M. De Vos

12400 Witshire Boulevard

Seventh Floor Reg. No. __ 37.813
Los Angales, California 30025
(408) 720-8538

(LIv/cak 10/25/98)
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Attomey's Dacket No.: _DQ2055P004 Patent
in re the Application of: __ Jed Margolin
Application No.: __0B8/587,731

Filed: __ Jaouary 19, 1996

For: A Method and Apparatus for Remotely Plloting an Airgraft

(title)

(inventor(s))

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Transmitted herewith is an Amendment for the above appilcation.

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.A. §§ 1.9'and 1.27 is enclosed.
_X____ No additional fee is requirad.

The fee has been calculatad as shown below:

OTHER THAN A
{Col_1) (Col. 2) {Col. 3) SMALL ENTITY SMALL ENTITY
Chaims Highest No.
Remaining Previously | Present Additional Additiona}
After Amd. Paid For Extra Rate Foe Rate Fee
Total :
Claims . 38 |Minus |~ 49 o x11]$ x22 |3 o]
indep. - ;
Claims 4 | Minus 5 ] x40 |5 x80| % 0
First Presentation of Multipie
L pependent Claim(s) +130}s i
If the entry in Col. 1 is lass than the antry In Col. 2, Total $ Totaf
wrtte *0* in Col. 3. Add. Fee Add. Fae | 3 0
*" Hthe "Highest No. Previously Pald For" IN THIS

SPACE Is less than 20, write “20* in this space.

°*" if the "Highest No, Praviously Paid For* IN THIS SPACE is lass than 3, write *3" in this
space. The *Highest No. Praviously Paid For® (Total or Independant) is the highast numbar
found from the equivalent box in Col. 1 of a prior amendment or the number of claims
originally flled.

I'hereby cerdfy that this correspondence is being transmitted by facsimile
to the United States Patent and Trademark Office in accordance with 37 CFR § 1.6(d). on the date shown below,

Namc; CQEMEEMEL___"
Signature; a‘&:w -6’\ -,
Date: cr 1 0 1 ;) / L}

-1- (LiVrcak 10/25/96)
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Acheckintheamountof$__ s attached for presentation of additional claim(s).
Applicant(s) hareby Patition(s) for an Extension of Time of —__ month(s) pursuant to
37 C.F.R. § 1.136(a).
A check tor § is attached for processing fees under 37 C.F.R. §1.17.
Plaase charge my Deposit Account No. g2-2866 the amount of $ .
A duplicate copy of this sheet is enclosed.
X The Commissioner of Patents and Trademarks |e heraby autharized to charge payment of the

following fees assoclated with this communication or credit any overpayment to Deposit
Account No. 02:2666 (a duplicate copy of this sheet [s enclosed):

X Any additional flling fees required under 37 C.F.R. § 1.18 for presentation of

axtra claims.
X Any extansion or pstition fees under 37 C.F.R, §1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

Date: 4 /,, 1ea7 ORIGINAL SIGNED By
7 Daniel M. De Vos ﬁ_&@_‘ﬁ
12400 Wilshire Boulevard ;
Seventh Floor Reg. No. _37.813
Los Angeles, California 80025
(408) 720-8598

Q@oos

{LuV/cak 10/25/98)

i

Cri
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BLAKELY 12730ak _ad Parkway

Sunnyvale, California 84086

“ - a0l
I~ -
AN
SOKOLOFF (408) 720-8558 Telephone

£
TAYLOR & (408)720-8397  Facsimile U F F ,%ﬁkfgﬁm@m
ZAFMAN

A Limited Liability Date: 9/11/97
Partnership Including :
Law Corporations URGENT
L Deliver to Examiner: Tan Nguyen '
( FaxNo. (703) 308-9051 )
FBOM BSTZ: DEMA FFICE
Attorney: Daniel De Vos
Reg. No.: 37,813 Art Unit: 2304
Phone No. (408) 720-8538 Serial No.: 08/587,731
Operator: Conny Van Dalen Filing Date: 01-19-95
Page 1 of _!4-

Message:

IF YOU EXPERIENCE ANY DXFFFICULTY IN RECEIVING THE ABOVE PAGES, PLEASE CALL
ORERATOR NAMED ABOVE (408) 720-8588 AND ASK FOR THE

Cortlf] f Facsimile T l
| heraby certify that this correspondenca s being transmitted by facsimile to the Patant ' O I
and Tradamarks Office in accordance with 37 CFR § 1.6{d). on 29/11/97

ConTBrncaaslm i . Q-j1-g7 ‘

Signature Date

(e85
\l
(@P]



fyﬁ;‘\ UNITED STATES DEPARTMENT OF COMMERCE
f Patent and Trademark Office

ol Address:  COMMISSIONER OF PATENTS AND TRADEMARKS
= Washington, D.C. 20231
APPLICATI - ... FILING DATE . _FIRST NAMED INVENTOR ATTORNEY DOCKET NO.
L E‘g pz_«g«o, l_f L A ] ‘]"_ PR GTH—H L TS, Pand
BIM1/1014 EXAMINER
. BLAKELY SOKOLOFF TAYVLOR AND ZAFMSN 1 MGOVEN, T ﬂ)
12400 WILSHIRE BOULEVARD /ﬂ/
TTH FLOOR
o N o ART UNIT PAPER NUMBER/ ]
LOS ANGELES CA 90025 l = 7 @V
DATE MAILED: 16714797
Please find below and/or attached an Office communication concerning this appilcation or
proceeding.

Commissloner of Patents and Trademarks

GIav?

PTO-80C (Rev. 2/85)

TYU.5.GOVERNMENT PRINTING OFFICE 1996-411-618/40275 1- File Gopy




TRADEMARKS

Washington, D.C. 20231

UNITED STATES DEPARTMENT OF COMMERGE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER OF PATENTS AND

SERIAL NUMBER FILING DATE FIRST MAME AFPPLICANT ] ATTORMEY DOCKET NO,
08/587,731 01/19/96 MARGOLIN 002055.P004
BLAKELY SOKOLOFF TAYLOR AND ZAFMAN EXAMINKR
1240 WILSHIRE BOULEVARD TAN Q. NGUYEN
7TH FLOOR ART UNIT PAPRR NUMBER
LOS ANGELES, CA 90025 2304 £
DATE MAILED:

Pleusc find below a

from the E. 1! in charge of this application.

The communication fi

Comuuissioner of Patents and Tradenurks,

led on October 05, 1997 is non-responsive because

it fails to include a complete or accurate record of the substance of the September 11,

1997 interview.

There is no argument or discussion about the difference between

claimed invention and the references cited in the amendment (the amendment contain

only the request for canceling claims 39-49).

Applicant is given a ONE MONTH TIME LIMIT from the date of this letter, or

until the expiration of the period for response set in the last office action, whichever is

longer, to complete the response. NO EXTENSION OF THIS TIME LIMIT MAY BE

GRANTED UNDER EITHER 37 CFR 1.136(a) OR (b).

PTOL-90 (REV. /44)

D

—a

il



Any inquiry concerning this communication or earlier communications from the
examiner should be directed to examiner Tan N guyen, whose telephone number is

(703) 305-9755. The examiner can normally be reached on Monday-Thursday from
7:30 AM-6:00 PM.

If attempts to reach the cthincr by telephone are unsuccessful, the examiner's
supervisor, Kevin J. Teska, can be reached on (703) 305-9704.

Any inquiry of a general nature or relating to the status of this application should
be directed to the Group receptionist whose telephone number is (703) 305-3900.

\_) N

TAN Q. NGUYEN
PATENT EXAMINER
TAN NGUYEN GROUP 2300
October 10, 1997

C15¢5

PYOL-Y0 (REV. A6}
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Patent
)
PRIy —
‘va{;z‘-’t;\ d | - [NTHEUNITED STATES PATENT AND TRADEMARK OFFICE '7/ﬁ7,?~
AASS ol -
/ B
P .
W Iy";)iiq‘/ﬁ'\plication of: F <t
(WY 7 Jed Margolin - /023
Gy Examiner: T. Nguyen N =
Serial No. 08/587,731 HE 7‘:5‘\“! _E}
) Art Unit: 2304 TRV
Filed: Tanuary 19, 1996 6oy 9 1 t997
For: A Méthod and Apparatus for Ly VI Gy,
Remotely Piloting an Aircraft £ f L2 I}

Assistant Cominissioner for Patents
Washington, D.C. 20231

MEN' D ARK
Sir:

Responsive to the Office Action mailed on huy 23, 1997, the Applicant
respectfully requests the Examiner to cnter the following amendment and to consider the

following remark:

AMENDMENT

In the Claims: //.

/,

1%
Please cancel Claims 39-49, withour prejudice,

F-herehy cerntity thar (hiy correspondence iy being depnsited with the United Stares Pastat
Service as first class mail with sufficient paklige in an envelope uddressed ta the
Conmmissicncr of Patents and Trademarks, Washington, D.C, 20231

on

ame of Penson Concsponden
. * \ /
Signature Dat
4

-1-

3

it
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REMARK

Applicant respectfully requests reconsideration of thig application as amended. -

35 US.C. §102 rejection
The Examiner has rejected claims 1-9, 14-18, 23-32, and 34-45 under 35 U.S.C.

§102(b) as being anticipated by Lyons, et al., “Some Navigation Concepts for Remorely

Piloted Vehicles "

1. Su ons

Applicant would like to thank the Examiner for taking the time during the
telephone interview to discuss the Lyous reference. Lyons contemplates a remotely
piloted vehicle (RPV) transmitting information to a control center (Figure 1),used by the
pilot to fly the RPV. To display the position of the RPV to the pilot, the cantrol center
provides a “moving map display.” As contemplated by Lyons, “the most convenient
display mode for the present application is the rolling map or ‘passing scene’ technique
where a new lina is added to the top of the display and the scene is shifted slowly
downwards” (page 5-3, end of first full paragraph). In particular, Lyons contemnplates
using film to gencrate the moving map (Figure S). The moving map is moved hased on
dead reckoned positions of the RPV.

As is well known in the art, dead reckoned positions have accurnulating errar. To
correct 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 RPV transmit some kind of image dara to the control center. Thus, in additian to the
moving map display, the control center shown in Pigure 6 has a sensor display (i.e., a
display generated from the image data transmitted by the RPV). Lyons confernplales the

transmission of two kinds of image data generated by: 1) side looking radar (SLR)
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images; and 2) real time forward-looking sensors. When using the SL.R system, the SLR
gencrated image data received 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”~—landmarks. When the pilot sees
a landmark in the sensor display, the pilot presses a transfer button which causes the
control center to superimpose the sensor display over the moving map (Figure 5). The
pilot then adjusts the moving map so that it matches the overlaid sensor display image
and presses an accept button, By adjusting the moving map in this manner, the dead
reckoned position of the RPV is updated in an attempt to rernove the error associated
with the calculation of dead reckoned positions (Page S-3, sccond, third, and fourth fuy]
paragraphs). The sirulated SLR/map update systerm s illustrated in Figures 7A and 78.
Having described the SLR-based map matching technique, the rea] time forward-
looking sensor systems will now be described. Lyons describes basically two systems for
updating dead reckoned RPV positions on a moving map using only rea] time forward-
looking sensors: 1) an anamorphic projection system (page 5-3, fifth ful] paragraph;
figure 8); and 2) a HUD based system (page 5-3, sixth full paragraph; figure 9). Simjlar
to the SLR based system, the anamorphic projection Syslem requires the pilot ta watch
the sensor display (i.e., the image generated 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 ransmitted image on the two-dimensional/top-down moving map
image, the forward-looking image is wansformed using anamorphic projection. Lyons
E0¢s an to describe various problems with the anamorphic projection technique, and theq

describes the HUD based system.

002035.P00D4
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In the HUD based system, 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—]ooking sensor on the RPV. The
HUD technology is used to allow the pilot to mark landmarks on the fonvard—look_ing
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 suminary, 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) 4 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 to allow the pilot ta
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 maving map can be equated to the
generation of “‘a three-dimensional projected image™ generated based upon “a digital

database” stored in the control center. The sensor display's image is based on i ape
play g mage data

transmitted from the RPV, while the moving map conterplated by Lyons is a two.
dimensional, 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 to the pilot by a two-dimensional moving map. In particular, Lyans

States at page 5-3, last paragraph:

Reconisance or forward-looking sensors provide a convenient method of
updating the navigation system. However, these sensors required large
datalink bandwidth to transmit the video picture to the conmo] center and
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hence are vulnerable to ECM... Hence, an alternative method of updating

the navigation system is desirable. (emphasis added)

The phrase “updating the navigation systemn” is used throughout Lyons to 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.c.,
push a button which causes the images to be superimposed, adjusting the moving map,
and pushing an accept button), 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 fange measurements (including an altimeter
rcading). The c;)ntrol center uscs dead reckoned positions to bath adjust the two-
dimensional moving map and to cstimate the location of the RPV over a digital database
map of elevation points stored in the conerol 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 rangcﬁ in an attempt to correct the error assocjated with the dead reckoned positions,
The moving map is then automatically adjusted (without pilot intervention) to reflect the
updated RPV pasition. |

Thus, the digital database of Lyens (conceptually illustrated in Figure 10) is not
used to generatc a three-dimensional projected image, but is used to update the two-
dimensional moving map in an effort to correct for the error in the dead reckoned
posidons. 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
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that the image of Figure 10 is generated using square polygons. Squalrc polygons are not
plainer, and therefore, typically are not used for generating images. In contrast,
triangular polygons are plainer and are typically used for displaying three-dimensional
projected images.

2. ons Does Not Teach or Make Qbvious the Claimed Inventions

In contrast to the teachings of Lyons, claim 1 requircs the use of a digital database
stored in the control center, and a computer that transforms the database “to provide
three-dimensional projected” images based on the position and orientation data received
from the RPV. Thus, the digital database of claim 1 is used to generate a three-
dimensional projectcd image for the pilot, whercas: 1) the moving map of Lyons is a two-
dimensional image generated using film; and 2) the digital database of Lyons is used for
updating the two-dimensional maving map 1o correct for error associated with the dead
teckoned positions, not for display.

Similarly, independent claim 14 requires a database comprising terrain data and a
computer “‘configured to access said terrain data according to “informarion identifying
the remately piloted craft's position and orientation in three-dimensional space™ and
configured to transform said terrain data to provide three-dimensional projected image
data representing said remotely piloted aircraft’s environment.” Furthermore, claim 14
requires a display to display the threc-dimensional image dara.

[ndependent claim 24 covers a remotely piloted aircraft having a communicarion
system for transmitting the remotely piloted aircraft’s position and orientation to a pilor
station “for transformation into a three-dimensional projected image of said remotely
piloted aircraft’s environment according to a database representing real terrestrial terrain

using polygons.”
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Finally, independent method claim 32 requires: 1) “communicating said current
position and oricntation from said remotely piloted craft 1o a pilot station;” 2) “accessing
a databasc comprising terrain data that represents real terrestrial terrain as a set of
polygons;” 3) “transforming said terrain data into imagc data representing a simulated
three-dimensional view according to the current position and orientation of sajd remotely
piloted aircraft;” and 4) “displaying said three-dimensional view using said image data ™

The remaining pending claims are cach dependent on one of the allowable base
claims 1, 14, 24, and 32. For at least these reasons, Applicant respectfully submits that

this rejection has been overcome.

35 U.S.C §103 rejection, over Lyons, et al. in view of Kanaly (US Paten; 4,405,943}
The Examiner has rejected Claims [0, 11, 19,20, 33, 46-47 under 35 U.S.C. §103

as being obvious over Lyons, et al. ("Lyops") in view of Kanaly (US Patept 4,405 943).

Claims 10, 11, 19, 20 and 33 are each dependent on one of the allowable base claims 1.

14. 24, and 32. Claims 46 and 47 have been canceled (without prejudice). For at least
this reason, Applicant respectfully submits that this rejection has been overcome with

respect to claims 10, 11, 19, 20 and 33.

35 U.S.C. §103 rejection, over Lyons, et al. in view of Thomberg, et al. (US Patent
3,552,983)

The Examiner has rejected Claims 12-13, 21-22, and 48-49 under 35 U.S.C. 8103

as being obvious over Lyons, et al. ("] yons") in view of Thormberg, et a, (US Patent

5,552.983) Claims 12, 13, 21-22 are each dependent on one of the allowable base claims

l'and 14. Claims 48 and 49 have been canceled (without prejudice). For at least this
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reason, Applicant respectfully submits that this rejection has been overcome with respect

to claims 12, 13, 21, and 22.

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 respcctfully 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 wil} file

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

01537
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Invitation for a relephone interview
The Examiner is invited to call the undersigned at 408-720-8598 if there

remains any issuc with allowance of this case.

Charge our Deposir Account

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

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

. T, /
Daniel M. De Vos
Reg. No. 37,813

Date: ! 0(/ 24,1997

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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BLAKELY 1279 OakmeadPa
SOKOLOFF Sunnyvals, Califoria 84086

TAYLOR & gg:; ;’ggfgggf ;’:‘l;?r:gge Facsimile Transmittal Sheet

ZAFMAN .Iw;b‘zjarnk-_
A Limited Liabillty Py J': [ [ o
i ludi Date: 1 197 &
v Corporations 2L 21 1o
RGENT [l o7
E)ellver to: Tan Nguyen 1183 -?3(’}{) ]
Fax No. (703) 308-5358 ]
FROM BSTZ: To Flrm: U.s. PATENT AND TRADEMARK OFFICE
Phone:
From: Daniel De Vos Your Ref: Applic. No.: 08/587,731

Operator: Dawn Roberts
Page 1 of _14

Qur Ref: 002055.P004

Title: A METHOD AND APPARATUS FOR
REMOTELY PILOTING AN AIRCRAFT

Message:

As agreed, Applicant is resubmitting the response previously faxed on September 11,
1997. To complete the record, following is a brisf summary of the reasons (as understood by
the Applicant) for resubmitting the rasponse:

- On September 11, 1997 applicant faxed 14 pages to the Patent and Trademark Office.
These 14 pages included a fax cover page, twa copies of a two page Transmittal letter, and a
nine page response. In response, Applicant recelved a paper mailed on September 12,

1997 indicating that applicants response was non-responsive. In a telephons discussion, it
was determined that only one page of applicants nine page response was actually received.

Sincerely,

Daniel M. De Vos

CONFIDENTIALITY NOTE

The document accampanying this facsimile transmission contaln infarmation from the law firm of Blakely Sokoloff
Taylor & Zafman which is confidential or privileged. The infarmation is intended 1o be for the use of tha individual or
entily named on this transmission sheet. If you are not the intended recipient, be aware that any disclosure,
capying, distribution or use of the contents of this faxed information is prahiblted. It you have received this
facsimile in error, please notify us by telephone immediately so that we can arrange for the retrieval of the original
documents at no cost ta you.

F YOU EXPERIENCE ANY DIFFICULTY IN RECEIVING THE ABOVE PAGES, PLEASE CALL (408) 720-8588 AND
ASK FOR THE OPERATOR NAMED ABOVE.

doo1
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GROYUP 2300

Attomay's Docket No.: _002085.Pgo4 P
In re the Application of: __Jed Margolin

(inventor(s))
Application No.: __08/587.731
Filed: January 18, 1986
For: for 1 lloting an Aircratt

{title)

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR: Transmittad haerewith is an Amendment 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 slatement previously submitted.

A varitied staternent 1o establish small entity status under 37 C.F.R. §§ 1.8 and 1.27 is enciosed.
X No additional fea Is required.

The fee has been calculated as shown below:
OTHER THAN A

(Col. 1) (Col. 2) (Col. 3 SMALL ENTITY SMALL ENTITY
Claims Highest Na.
Ramaining Previously | Prasant Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fee
Total |, ] . I
Claims 38 { Minus 49 0 x11|$% x22 | % o
Indep. . . e P
Claime 4 | Minus 5 [o] x40 [ x80 (% o]
First Prasentation of Multiple 130
Dependent Claim(s) * $ +260 | §
* Ifthe entry in Col. 1 is less than the entry In Col. 2, Total $ Total |, ]
writa "0 in Cal, 3. Add. Fee Add. Fea | 3 0
°* It the "Highest No. Previously Paid For* IN THIS ’ \—J

SPACE is less than 20, write.*20" In this space.
*** It the “Highest No. Previeusly Paid For® IN THIS SPACE is Iass then 3, writa “3* in this
space. The "Highast Na. Previously Paid For" (Total or Independent) is the highest numbar

found from the equivalent box In Col. 1 of a prior amendment or the number of ciaims
ariginally filed.

{ hereby certify that this correspondence is boing trans mitied by facsimile

0 the United States Patent and Trademark Oftfice 1n sqrordunce with 37 CRR § 1.6(d), on the date shown below,
™)
Narne; Q\D& NOON *\QE& ¥

Signature:

Date: \D}} a\ ’]Q‘\j
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Acheckintheamountof$§_____ s attachad for
Applicant(s) hareby Petition(s) for an Extension of Time of
37 C.F.R. § 1.136(a).
A check for §, is aftached for processing feas under 37 C.F.R. §1.17.
Please charge my Depasit Account No. 02-2666 the amount of §
A duplicate copy of this sheet s enclosed,
X The Commissioner of Patents and Trademarks ig hereby authorized to charge payment of the
tollowing fees associated with this communication or cradit any overpaymant to Daposit Account
No. 02-2666 (a duplicate copy of this sheet is enclosed):
X Any additional filing fees required under 37 C.F.R.
axtra claims.
X Any extension or petition fees under

7CFREMI7. 4
BLAKEKY SO //%%AFMAN LLP
Date: '0/1' , 1997 _1// . 7l

Daniel M. Da Vos

presentation of additional claim(s).
month(s) pursuant to

§ 1.16 for prasentation ot

12400 Wilshire Boulevard
Saventh Floor

Los Angales, California 80025

{408) 720-8598

Reg. No. _37.813

(LIV/cak 10/25/96)
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Attorney’s Docket No.: _002055.P004 Eﬁle_l’i!"iﬂ(}
in re the Application of: _ Jed Margolin
Application No.: __QB/SB87.731
Flled: _ January 18, 1996 __ »
For: —A Method and Apoaratus for Ramately Pitating an Aircraft

(titie)

(Invsmor(s))_

-ABSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

SIR; Transmitted herewith is an Amendment for the abave application.

Small antity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has bean established by

a verified statement previously submitted.

A verified statament to establish small entity status under 37 C.F.R. §§ 1.9 and1.27is enciosed,
X No additional fee is raquired.

The tes has been caiculatad as shown below:

(ol ) (CoL 2} ol OTHER THAN A
ol. ol. ol. 3 SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additiona)
After Amd. Paid For Extra Rate Fee Rate Faee
Total . .
Claims 38 | Minus 49 0 x111% x22 | $ a
Indep. N . nee '
Claime 4 | Minus 5 o} x40 % . x80 | § 0
First Presentation of Multiple
L__J Dependent Claim(s) tes *260|S
* ifthe entry in Col. 1 is iess than the entry in Col, 2, Total s Total
wiite *0° in Col 3. Add. Fee Add. Fee|® O
N . Fa
** It the “Highest No. Praviously Paid Far* IN THHIS €

SPACE is less than 20, writa “20" in this space.

It the *Highast No. Pravieusly Paid For* IN THIS SPACE is less than 3, write *3* in this

space, The “Highest Na. Previously Paid For* {Total or Independent) s the highest numbaer
faund from the equivalent box in Col. 1 of 5 prior amendmaent or the number of claims
orginally tiled.

: 01592

(LaVicak 10/25/98)
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A check In the amount of $ is attached for presemtation of additional claim(s).
Applicani(s) hareby Patition(s) for an Extension of Time of rmonth(s) pursuant 1o
37 C.F.R. § 1.136(a).
A chack for § is attached for processing fees under 37 C.F.R. §1.17.

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

A duplicate copy of this sheet is enclosed.

X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees associated with this communication or cradit any ovarpayment to Deposit Account
No. 02-2666 (a duplicate copy of this shaeet Ia enclosed):

X Any additional tiling 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. §1.37.

BLAKE ORISR SR RRN- R & ZAFMAN LLp
! "/ L 1997 ‘

Dats:
: Daniel M. De Vos

12400 Wilshire Boulevard

Seventh Floor :
Los Angeies, California 9002
(408) 720-8538

Reg. No. _ 37,813

(@}
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(LVicak 10/25/96)
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&7 - | UNITED STATES L__sARTMENT OF COMMERCE
# | Patent and Trademark Office

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

[ aepuicaTion numaeR ] FILING DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NO j

0DE/5R7,.731 01/12/96 MARGOLIN J NDZO0SS, Fo0g

| EXAMINER ]

LM21/1128
BLAKELY SOKOLOFF TAYLIGR AND ZAFMAN

NGUYEN, T
12400 WILSHIRE BOULEVARL [ aarume | eareanumeen |
7TH FLOOR 8/
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DATE MAILED:
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This is a communication from the examiner In chargs of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

OFFICE ACTION SUMMARY

dResponsive o communication(s) flled on ‘Ql/ .28 l// ] q 61 7

[ This action is FINAL.

3 since this application is in condition for aillowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 D.C. 11,453 0.G. 213.

A shortened statutory period for response to this action Is set to expire "3 - month(s), or thirty days,
whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause

the application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR
1.136(a).

Disposition of Claims
MCIaim(s) l fnd 3 g

Of the above, claim(s)

Mare pending In the application.

is/are withdrawn from consideration.

[ Claim(s) is/are allowed.
M Claim(s) \ _ ’3 g is/are rejected.
O claim(s) is/are objected to.
£} Claims

are subiject to restriction or election requirement.
Application Papers

[ see the attached Notice of Draftsperson’s Patent Drawing Review, PT0-948.

(3 The drawing(s) filed on is/are objected to by the Examiner.

[] The proposed drawing correction, filed on

is [} approved [J. disapproved.
7] The specitication Is objected to by the Examiner.

[7J The oath or dectaration is objected to by the Examiner.
Priority under 35 U.S.C.. § 119
11 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).

C1 A 7 Some* !] None of the CERTIFIED copies of the priority documents have been

O received.

L1 received in Application No. (Serias Code/Serial Number)

(1 received in this natlonal stage application from the International Bureau {PCT Rule 17.2(a)).

*Cartifiad copies not received:

0 Acknowbadgémant is made of a claim for domestic priority under 35 U.S.C. § 119(e).
Attachment(s)
M Notice of Reference Cited, PTO-892

Ul Information Disclosure Statement(s), PTO-1449, Paper No(s).
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{2 Interview Summary, PTO-413

{1 Notice of Draftsperson’s Patent Drawing Raview, PTO-948 O
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7] Notice of Informal Patent Application, PTO-152
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PTOL-326 (Rev. 10485)
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DETAILED ACTION

Notice to Applicant(s)

1. This office action is responsive to the amendment filed on October 21, 1997, As
per request, claims 39-49 have been canceled. Thus, claims 1-38 are pending.

Drawings

2, The drawings are objected to under 37 CER § 1.84 for the reasons set forth by
the draftsman. See attached PT0-948 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

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for ali
obviousness rejections set forth in this Office action:
(a) A patent may not be obtained though the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the

subject matter sought to be patented and the prior art are such that the subject

matter as a whole would have been obvious at the time the invention was made
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to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was

made.

4. Ciaims 1-9, 14-18, 23—32,'and 34-38 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).

a. With respect to claims 1, 2, and 14, Lyons et al. disclose the invention as
claimed (see at least the abstract) including a remotely piloted aircrafi (see figure 8,
RPV), 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
a Data Link, and figure 6 and the related text), a digita! database comprising terrain
data (see pages 5-3 and 5-4, section Terrain Map Correlation; and figure 8). Lyons et
al. .further disclose that the computer accesses said terrain data according to said

remotely piloted aircraft's position and to transform said terrain data to provide a

projected image data according to said remotely piloted aircraft's orientation; a display

D
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for displaying said projected image data (see page 5-4, third paragraph, and figure &),
and a remote flight control coupled to said computer for inputting said flight contral
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 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 and the related text in Beckwith et al.). It would have been
obvious to one of ordinary skill in the art at the time the invention was made to
incorporate the teaching of either Wysocki et al., Fant, or Beckwith et al. into the
system of Lyon et al. in order to improve the system with the enhanced capability of
displaying three-dimensional image of the remoted aircraft over the terrain data,

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

c. With respect to claims 4, S, 7, and 15, Lyons et al. disclose that said
remotely piloted aircraft further comprises a infra red sensor image (video camera) and
means for communicating and displaying video data representing images captured by

the sensor image (see page 5-3, section Map Matching, and figure 8).

(.
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24-31. Therefore, claims 32 and 34-38 are rejected for the same rationales set forth for

claims 24-31.

5. Claims 10, 11, 19, 20, and 33 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. as applied to
claims 1-9, 14-18, 23-32, and 34-38, and further in view of Kanaly (4,405,943).
Lyonus et al. disclose the claimed invention as discussed above except for the
determination of a delay time for communicating said flight data between said
computer and said remotely piloted aircraft, and adjusting the sensitivity of said set of
one or more remote flight controls based on said delay time. However, Kanaly does
suggest delay time for communicating between the ground station and the remote
airborne into account of controlling the remote airborne (see at least column 3, lines
15-24, and column 8, line 54 to column 9, line 6). It would have been obvious to
incorporate the teaching of Kanaly into the system of Lyons et al. in order to improve
the system with the enhanced capability of providing more accurate the remote flight
controls to the remoted vehicle and receiving the accurate position and heading data of

the vehicle from the remoted vehicle.

6. Claims 12-13, and 21-22 are rejected under 35 U.S.C. 103(a) as being
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unpatentable over Lyons et al., Wysocki et al. or Fant or Beckwith et al. as applied to
claims 1-9, 14-18, 23-32, and 34-38 above, and further in view of Thornberg et al.
(5,552,983).

Lyons et al. disclose the claimed invention as discussed above except that the
remote flight controls allows for inputting absolute pitch and roll angles. However,
such feature is well known in the art at the time the invention was made. For example,
Thornberg et al. suggest a variable referenced control system for remotely opérated
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 oﬁe of ordinary skill in the art at the time the invention was made to
incorporate the teaching of Thomnberg 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 vehicle.

7. All claims are rejected.

Remarks

8. Applicant’s arguments filed on October 27, 1997 have been fully considered and
they are deemed to be persuasive. However, upon the updated search, the new

ground of rejections has been set forth as above.




Serial No.: 08/587,731 8
Art Unit: 2304
9. Any inquiry concerning this communication or carlier communications from the

examiner should be directed to examiner Tan Nguyen, whose telephone number is
(703) 305-9755. The examiner can normally be reached on Monday-Thursday from
7:30 AM-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, Kevin J. Teska, can be reached on (703) 305-9704.

Any inquiry of a general nature or relating to the status of this application should
be directed to the Group receptionist whose telephone number is (703) 305-3900.

Any response to this action should be mailed to:

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

or faxed to;:

(703) 308-9051, (for formal communications intended for entry)

Or:

(703) 308-5357 (for informal or draft communications, please labe]
"PROPOSED" or "DRAFT")

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

v

/tqn | (\1 Jor
November 20, 1997 Jcm Y

TAN Q. NGUYEN
PATENT
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HEADUNE NEWS

GRIPEN LIKELY
TO FLY AGAIN SOON

CAROLE A. SHFRINAONDON

preliminary report on the crash of
the Swedish JAS 39 Gripen fighter
earlier this month has put blame on the
Right control system’s high amplification
of stick commands combined with the pi-
lot's "large, ropid stick movements,”
“This 1o the stability morgin being
exceedad and the oircraft enlering a
stall,” Sweden’s occidant investigation
board soid. The panel said a contcibul
ing foctor was the lote disphay of the air-
craft’s “STYRSAK™ flight aftitude wam-
ing, which gave the pilot too litle time 1o
reoct.

The board sald action should bes taken
10 slimingte the risk of pilotinduced oscil
lation in the aircraft’s envelope. Afler this
has been implemenied ond varified, the
boord said it saw no salety reason why
flights should not be resumed.

The praliminary report of the Aug. 8
accidenl ruled out a system or design de-
ficiency in the Gripen's advancad flight
confrol system, which had coused the
crash of the lirst prototyps in February,
198%. A finding of o serious design faull
would have caused o major reevaluation
of the multirole Gripen [AWA&ST Aug. 16,
p. 78}

The problam will be relafively sasy to
correct and the aircroft should be flying
ogoin within the next three to five weeks,

Swedish air force officials soid.

The preliminary report on the crash,
which occurred during an air displo
over cantrol Stockhalm, 1ald thet Soa
Military Aircrafl test pilot Lars Rodestrom
had entered o lowespeed turn at o 280
melers (P19-41.) oltitude with lit alerburn-
o ond a speed of 285 km. /hr. (154 kt.).
During the left turn, the aircraft’s ongle of
bank was about 65 dag., loading about
2g ond angle of oftack about 21 deg.

When lsaving the tuen, the pilot ap-
plied an olmost maximum movement of
the control stick 1o the right as he was
pushing it forword 10 assume lavel flight.
The large stick movement caused the air-
cralt to roll over to the right while the on
gle of anock decromoc?. Antempting o
level quickly, Radestrom then applied o
large movement of the stick to the Ish
while confinuing ta push forward to low
ar the noss, :

The etevons moved with maximum
speed, chonging the aircroft's flying char-
acteristics and reducing i siability mar:
gin. This is when the control system sent o
signal 1o the aircraft's STYRSAK warning
systam that the moximum rave of elevon
J;ﬂecn’on had been reached. The aircroft
responded 1o the pilot’s command with a
rolf 10 the leh combined with o nosewp
movement,

TAIWAN INDUSTRY
SEEKS MAJOR GROWTH

MICHAEL MECHAM, TAIPE), TAIWAN

aiwan oerospace companies, which
. 8 now have annual military and civit
oernspoce programs volued of some §1
billion, wonl 1o grow six fimes o3 lorge
by the end of the decade though [oint
. venture work with foreign partnan.
* That theme wos sressed lost wesk of
. the Toipei Aarospace Technology Exhibi
fion, which otvacted 230 exhibitors from
15 nations—60% more than in its first
. outing two years ogo. The exhibition is
. proving such a draw that arganizers are
" cansidering the inclusion of flying dis-
, plays for 1095, k
© THE REPUBLIC OF CHINA'S IDF fighter
. was shown only in a Ruikscale mockup
i version inside the exhibition holl. But two
f of the first production models-—single-

“and twin-seat versions—were publicly

displayed for the first lime at tha nearby
Shun-Shan air base. They appearsd
alongside tha AT-3 advanced jet Irainer,
shown in a single-seat light fighter config-
uration and as a twin-seat trainar. Toiwan,

Aerospacs hopes to compate the ALJ in

the U. 5. Joint Primary Aircroft Training
Syslem competition.

Br government estimate, Taiwan's an-
nual

oerospace growth rate will be 20%

through 1996, Achieving $6 billlon in
annual maintenanca and production
work by 2000 would be aven more spec-
tacular. But David R. C. Chu, director of
the Commitiee for Aviation and Space I
dustry Development [CASID|, said it
should be powsible, using the panding
British Asrospoce/Taiwan Aerospace
ogreement to jointty producs the RJ re-

72 AVIATION WEEK & SPACE TECHNOLOGY/Auguat 23, 1993

To cotrect these movemnents, Radestrom
moved the stick olmost oll the way fo the
right and somewhat forword. The aircraft
then rolled fo the right with an angle of
bank of about 35 deg. in combination
with o nose-down movemeant 1 -7 deg.
angle of pitch. Radestrom then moved the
stick ropidly backwards and 1o the left 1o
lift the nose at the same lime that the air.
cralt's stabilizing functions atempled 1o
likt the nose.

“This caused the noseup movemeni o
be amplified 30 much thot the siabilizing
sffect of the elavons was insufficient,
whecaupon the aircraft went inte o
supersiall oand became wncontroliable,'”
the preliminary report said.

The STYRSAK waming fo the pilot that

gional commutar jet ond the pending F-
16 ond Mirage 2000-5 fighter ocquisi-
tions as springboards. -
CASID, the ,government ‘agency
charged with promoting Talwon qer-
spoce development, has strong backi
from President Lee Tanghul. In an

dress prepared for the axhibition, Lee am- -
- phasized thot of the eight key induswrial

technglogies identifisd in his national
economic stimulus pockage, seven are
opplicoble to cerospace. -

CHU DESCRIBED TAIWAN'S goal as be-
ing an Asian osraspace “hub” in leogue
with Fonﬁq: partars rather than any
grander schame of acquiring rechnalogy
now in hopes of setting off Iater on an in-
dependant course.

“Our gool is o ba the best partner of
the best companies,” he soid.

Neither Dassault nor ROC Defense
Ministry officials will discuss details of the
panding sale of Miroge 2000-5s. Of par-
ticular interest is*whot type of offset
agreement might be ochieved for the
fighter.

T ane v &

.e-
ar

am -

LG T T e

AN TAN S

2}

10

tl
1




O

First JAS 39 dn-l

livered 1o

during o flight

A display in
Stockhaolm.

he was baginning to soturote the control
system was disﬁcyed 1 sac. after the
rapid stick movement. just 6.2 sec.
elapsed from the lime the pilot gave the
command to leave the wrn until he
ejected.

The delay in display of the STYRSAK
warning meont the pilot did not have a
chance to reoct, the report said. The low
altitude did not give him the opportunity
10 take action to regain control of the ais-
craft, and his decision to eject was cor-
rect, it concluded,

Officiols soid the problem that causad
the accldent had been identified during
the development program. But the risk of
the situation occurring in flight was con-
sidered “'negligible.” -

The model Is most likely to be the
agreement now being implemented with
Lockheed for the F-14. It calls for offsets
worth 10% of the $6-billion controct for
150 alrcraht.

LOCKHEED OFFICIALS are expactad to
begin canvaising 19 Taiwon foctorias
this week o salect candidates for offset
work. ) o

Chu sald Taiwen does not have priori-
tes for the offseis. Mainleaance and re-
wpply are expected to be the major ele-
ments, although original porls supply
could be an element in.later block deliv-
sries, he said. -

Most important is to h.clr Lockheed's

onalysis of the local Industry, he said.
““Wa have litle erlanca, so we have
to rely on Lockhead's expertise,” he said.

Taiwon's meallurgy Industries are ex-
pected 1o provide the core for tha offvers,
which means oir frame ond perhaps some
angine pars will be prodiced. Thot is be-
couse Taiwan should be able to achieve
certification in oirframe parts faster thon

in military electranics, Chu said. ™
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1. {Once Amended) A system comprising:
a remotely piloted aircraft including,

a position determining system 1o locate said remotely piloted aircraft's

position in three dimensions; and

an orientation determining system for determining said remotely piloted

aircraft's orientation in three dimensional space;

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

a digital database comprising terrain data;

said computer to access said lerrain data according 10 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 setof one or more remate flight controls coupled to said computer for inputting

said flight control information, wherein said computer is also for determining a delay

ume 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 flipht controls based on said delay time.

2. (Once Amended) The system of claun |, wherein:

said remotely piloted aircraft |including:] includes a device for capturing image

said systemn operates in at least a first mode in which said image data is not

transmitted from suid remotely piloted aircraft to said computer at a sufficient data rate to

allow for real time piloting of the remotely piloted aircraft

2 ‘ 01607
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7 [a position determining system for locating said remotely piloted aircraft’s

QB\ 8  position in three dimensions; and

9 an orientation detenmining system for determining said remotely piloted

10 aircraft's orientation in three dimensional space].

l?ﬁ( (Once Amended) A station for flying a remolely piloted aircralt that is real or

1

2 simulated comprising:

3 a database comprising terrain data;

4 a set of remote flight controls for inputting flight control information;
5

a computer having a comimunications unit configured to receive status
-6 information identifying said remotely piloted aircraft's position and orientation in three
7 dimensional space, said computer configured to access said terrain data according 1o 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 communications unit for transmitting said light control information to control said

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

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

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

15 controls based on said delay time; and

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

. - s . .
e

ng sy

. T . S
stem to localimd;emﬁély ptloted aircraft’s position in
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information; and

ontrol system foradjlisting said remolely piloted aircraft’s flight in response to

fght control information.

Please add the following new claims:

lﬁ%. (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 keast a first mode in which said image data is not transmitted
4 from suid remotely piloted craft to said computer but stored in said remotely piloted

5 aircraft.

1 52. (New) Ty‘mﬂl ol claim 32 further comprising the step of:

2 gﬁlwm{ing suid flight control information responsive to said simulated three

3 Wd without any 1mage fransmitted from said remotety pitoed-mreratt
4. 0 ‘
1603
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1 53 he method of claim 34, wherein sw

2 information in response to manual manipulationyGRthe set of manual

3 said pilot station includes the step of:

4 receiving input representi m

interpretingSand cur STtT TAUVETo The horizon, rather than a rate of -

sition of a diregtional control; and

REMARK

Applicant respectiully requests reconsideration of this application as amended.

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

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

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

... the prior art reference (or 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 hoth be found in the prior art, and not based on
applicant’s disclosure.” (emphasis added).

CLAIMS 1 and 14

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

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

N 01610
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CLAIMS 24 AND 32

l. 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. Asis well known in the art, deﬁd 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 approuach of which Lyons describes two:

1) The transmission of video or radar image data from the RPV to the pilot
station. For the video and radar image data (Section 3, including Figure
8), the pilot station provides a two dimensional moving map on which the
pilot station indicates the 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 1o 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 scarch areu represents the locations the RPV could be due to the
accumnulating error in the current deud reckoned position. The pilot station
then compares the laser measurement for various position in the search
area in an effort Lo locate the correct position of the RPV. Once the
database has been used 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 reckoned
position is automatically corrected using the laser and database, whereas the video and
radar image data system requires user intervention to update. Another advantage of the
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

remotely piloted aircraft on a two dimensional moving map display avaitable to the pilot. In particulur, Lyons
contemplates a RPV transmitting infarmation o a control center (Figure 1). The control center is used by the pilot to
tly the RPV. To display the position of the RPV 1o the pilat, the control center provides u “moving map display." As
contemplated by Lyons, “the most convenient display mode for the present application is the rolling map or ‘pussing
scene’ technique where a new line is added to the top of the display and the scenc is shifled slowly downwards” (page
5-3, end of first full parugraph). In paricular, Lyons contemplates 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 aceumulating error. To adjust for this eror, Lyons
describes two basic concepis: 1) map mitching (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
contral center is shown having the moving map display and the sensor display (e, a display generated fram the image
data transmitted by the RPV). Lyons contemplates the transmission of two kinds af image data: 1) side looking radar
(SLRY; and 2) real time forward-looking sensors. When using the SLR system, the SLL.R generaled image data received
by the control center allows it 10 make a downward-looking image. The pilot watches the sensor display (i.e., the
display generated bascd on the transminted image data) tor “likely update features™—landmarks. When the pilot sces a
landmark in the sensor display, the pilot presses a transler button which causes the contiol center to superimpose the
sensor display aver the moving map (Figure S). The pilot then adjusts the maving map so that it matches the overlaid
sensor display image and presses an aceept button. By adjusting the maving map in this manner, the dead reckoned
position of the RPV is updated in an allempt to remove the error associated with the caleslation of dead reckoned
pusitions (Page 5-3, second, third, and fourth full paragraphs). The stmulated SLR/map updue system is illustrated in
Figures 7A and 7B.

Having described the SLR-based map matching technique, the real Lime forwird-looking sensor technigue
will now be described. Lyons describes hasically (wo lechnigues of updating dead reckoned RPV positions on &
moving map using only real lime forward-looking sensors: 1) an anamorphic projection lechmgue (page S-3, fifth full
paragraph; figure B): and 2) a HUD based technigue (page 5-3, sixth full paragraph; figure 9). Similar 1o the SLR
based eehnique, the anamorphic projection technigue tequires the pifot 1o wateh the sensor display (i.c., the image
gencraled from the transmitted data) for landiarks, press a button which superimpases the trunsmitted fimage on the
moving map, adjust the moving map, and press an accept bution. As described in Lyons, in onder to supenmpaose the
forward-looking transmitted image un the moving map, the forward-looking image is trunstormed USINE wnamorphic
projection. Lyans goes on to describe various problems with the anamorphic projection techuique, and then describe.
the [IUD hased rechnique.

5

In the HUD based technique, the pilot is presenied with two images: 1) the moving map display (see left-
hand image of Figure 9); and 2) the sensor display generated from the ymage data transmitted from the real time
torward-looking sensor an the RPV. The HUD technology is used (o allow the PHOLLO murk Tandinurks on the
lnm;\rdAIuok{ng sensor based image. These HUD markings are then superimposed on the moving ma
makes the accessary adjustments o the moving map (page 5-3, sixth full paragraph}.

In summary, the map matching techniques use the following: 1) the ransmission of image data from the
RPV 1o the control center; 2) a disphay at the control center which shows an image bused on the reul time image data
‘reccived from the RPV; 3y 0 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 to allow the pilot to update the maving mayp
inan etfort to correct the error associated with the dead reckoned pusitions. Neither the sensor displuy’s image nor it
moving map can be equaled to the generation of “a three-dimensional projecied 1mage” pencrated hased upon i
digital datubase™ stored in the control center. The sensor displuy’s im:

D, and the pilot

e

is hased on image duta iransmined fron (he
RPV, while the moving map contemplated by Lyouns is a two-dimensional, top down view displayed using film {see
Figures S and 7).

Having described the map matching technigues from Lyons, Applicant will now desuribe the terrain map
correlation technique of Byons. The serrain map correlation techiyue deseribed in Lyons is also used for currecting
the error in dead reckoned positions shown to the pilot by a two-dimensional moving map. In patticular, Lyons states
at page 5-3, lust 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 aircraft transmitting enther: 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 ag
disclosing a single system that accesses a database based on the remotely piloted

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

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

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

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

Rather than requining the user to actively update the moving map display Gi.e., push a button which causes
the images to be superimposed, adjusting the moving map, and pushing an accept button), the tecrain map correlution
technigue attempts 1o 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 opeaation, the RPV transmits to the control center a set
of laser range messurements {including an altimeter reading). The contral center uses dead reckoned pasitions tn both
adjust the two-dimensionat moving map and 1o estimate the location of the RPV over a digital datahase map of’
clevation points stored in the control center (Figure 10). Based on a calcidation of the possible error associated with
the dead reckoned positions, a search areu is identified in the digital database (Figure 12). A search is then performed
within this scarch area W ideatity the position that most closely mitches the transmitied laser range data, The RPV'
positton is then updated 1o the location that best matches the transmitted luser ranges in an attempt o correct the error
assocrated with the dead reckoned positions. The moving map is then automatically adjusted (without pilot
intervention) to reflect the updated RPV position.

‘Thus, the digital dutabase of Lyons (conceptually ittustrated in Figure 10) is not used 1o generate a three-
dimenstonal projected image, hut is used o update the two-dimensional maoving map in an effort to correct for the
crror i the dead reckoned positions. In addition w the description in Lyons, further support for the fact that the digitsl
database of Lyons is nol used to generate a three-dimensional projected image is that the image of Figure 10 i
generated using square polyzons. Square polyrons are not guaranteed to be planar, and thersloce, typically are not
used (or generating images. In contrast, triangular polygons are guaranteed 1o be planar and are ypically used for

displaying images.
e 01613
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paragraph describe a second system in which the RPV transmits laser measurements 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. [n 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 claimn 32, fines 10-11). None of Lyons, Wysoki, Fant or Beckwith
generate a projected image using polygons’. Furthermare, none of Wysoki, Fant or
Beckwith teach the limitations of the cluims discussed sbove with reference to Lyons.

Therefore, the combination does not teach the transimission 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 ahove, the data in the d
reckoned position,

With respect to Beckwith, the digity elevation data in the daub
position, not polygons (see col 6, lines 52-61: col. 7. lines 30-36),

Fant describes the use of two data 1) the object library database which cont
2) the maming arca database which provides the information necessary for the placement of the contents of the uhyect
library, surfaces, and special effect on a grid or gaming ares (see col. 6, line 38 - ¢col. 7, line . o particular, the Fum
patent is for a high performance computer graphics system tht combines Computer Generated tmagery (CGIH with
Computer Synthesized lmagers (CS1) o form Computer Generated Synthesized Imagery (CGSI) (see col. 2, ting 53 -
col. 3, line 12).

Wysoki describes u databuse of digital orthophotographs (sec col. 4, lines 43-51). Digital orthaphotographs
are computerized images generated by making geometric correclions to scabned aerial photographs. In particular, an
serial photugraph contuing some degree of disturtion. Fn contrast, MAPS maintain a constant scale, but lack the detail of
an aenial photograph. Orthophotography combines the leatures of maps and uerial photographs. The serial
photographs are unwrapped (1o remove the distartion) and fitted 10 a particular map projection isereate an HIge map
that has uniform scale and koown accuracy.

atabase of Lyons is not used 1o generate an image, but simply (0 update the dead

ase is points with a constani north up

aths real-world images: and

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 transmitied 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 i4 has been amended to include the Hmitations of claims 19 and
20. Thus, Claims | and 14 are discussed under this rejection.

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

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

Kanaly does not teach or suggest these limitations. [n contrast, Kanaly deals with

a system in which a remote operator wears a helmet (on which un oculomeler is

mounied) that delermines where the remote operator is looking. Signals 'mdic;uing where

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

To reduce or remove this delay (not measure it or adjust flight controls) due to
movement of the camera, Kanaly teaches having the camera store high resolution data
over the whole scene in a memory on board the RPV. The RPV transmits the high
resolution imagery corresponding to the center of where the remote operator is looking
and low resolution imagery (based on the stored high resolution data) corresponding (o
the remote operator's peripheral vision. As a result, movement of the remote operator’s
head merely requires the RPV adjust from where in the memory the high and low
resolution data is accessed - the camera need not be moved. “Because the high resolution
data is obtained 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 o be
effectively decoupled from the data [ink.” (see col. 2, line 56 - col. 3, line 24; col. &, line
54 - ¢ol. 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 claums 1, 14, and 33).

For at least this reason, it 1s respectfully submitted that these claims are allowable.

A5 U.S8.C. §103 rejection, aver 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 of Wysoki or Funt or Beckwith, and further 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 piloted aircraft include some device
for capturing image data but that the system operate in at lcast a first mode in which that
image data is not transmitted and/or not used to pilot the aircraft. In other words, the
pilot in the claimed system cannot rely on image data transmitted from the RPV (as in
certatn systems of Lyons - radar and video data) to fly the RPV. In certain emhodiments
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
received by the pilot station from the RPV. Of course, additional information that is not
image data could also be transmitted.

Claim 53 specifies the manner in which the llight controls used to pilot the
aircrafl are operated. In particulur, 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 (c.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 1o 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, SOKOL.OFF, TAYLOR & ZAFMAN LLP

Daniel M. De Vos
Reg. No. 37813

Date: 2,/2 7, 1998

12400 Wilshire Boulevard

Seventh Floor

Los Angeles, California 90025-1026
(408) 720-8598
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A check in the amount of § is attached for presentation of additional claim(s).
Applicant{s) hereby Petition(s) for an Extension ot Time of month(s) pursuant to
37 C.F.R. § 1.136(a).

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

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

X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
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Appiication No. Applicant{s)
08/587,731 MARGOUN
Office ACtiDn Summary Examiner Group Art Unit
TAN Q. NGUYEN 3614

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

(X1 This action is FINAL.

1 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

A shortened statutory period for response to this action is set to expire THREE month(s), or thirty days, whichever

is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the

application to become abandoned. {35 U.S.C. § 133). Extensions of time may be obtained under the provisions of

37 CFR 1.136la).

Digposition of Claims
X! Claimis) 1-9, 12-18, 21-38, and 50-53 is/fare pending in the application.

Of the above, claim(s)

[} Ctaimis) . is/are allowed.

X Claim(s} 1-9, 12-18, 21-38, and 50-53 is/are rejected.

7l Claimis) is/are objected to.

Il Claims . are subject to restriction or election requirement.

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

[7] The drawing(s) filed on __ __is/are objected to by the Examiner.

1 The proposed drawing correction, filed on is [hpproved [ Bisapproved.
{_} The specification is objected to by the Examiner.

[} The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
(1) Acknowledgement is made of a ctaim for foreign priority under 35 U.S.C. § 119(a)-(d}.

1Al 1D1some* [INone of the CERTIFIED copies of the priority dacuments have been
71 received.
i | received in Application No. (Series Code/Serial Number)
"} received in this nationai stage application from the international Bureau (PCT Rule 17.2(a)).

*Certitied copies not received:

isfare withdrawn from consideration.

1 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119{el.

Attachment(s)
I] Notice of References Cited, PT0-892
XI Intormation Disclosure Statement(s), PTQ-1449, Paper Nols). 39
i} Interview Summary, PT0-413
i | Notice of Drattsperson's Patent Drawing Review, PTO-948
I_) Notice of Informal Patent Application, PT0O-152
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DETAILED ACTION

Notice to Applicant(s)

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

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

Drawings

3. The drawings are objected to under 37 CFR § 1.84 for the reasons set forth by
the draftsman. See attached 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 (1.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Oftice action:




Serial No.: 08/587,731 k)
Art Unit: 3614

(a) A patent may not be obtained though the invcntion is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the Subject
matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was
made.
5. Claims 1-9, 14-18, 23-38, and 50-53 are rejected under 35 U.S.C. § 103(a) as
being unpatentable over Lyons et al. (an article entided “Sorme Navigation Concepts
For Remotely Piloted Vehicles”, AGUARD Conference Proceedings No. 176 on
Medium Accuracy Low Cost Navigation, September 1975, pages 5-1 to 5-13) in view
of Wysocki et al. (5,381,338) or Fant (4,835,532) or Beckwith et al. (4,660,157), and
further in view of Kanaly (4,405,843).

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

controlting said remotely piloted aircraft (sce page 5-2, section Radio Navigation Using
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a Data Link, and figure 6 and the rela.ted 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 (ransform said terrain data to provide a
projected image data according to said remotely piloted aircraft's orientation; a display
for displaying said projected image data (see page 5-4, third paragraph, and figure 8),
and a remote flight control coupled to said computer for inputting said flight contro}
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 | and the rclated text in Wysocki et al.; see figures 1, 3 and
the related text in Fant; or see figures 1, 4 and the related text in Beckwith et al.). It
would have been obvious to one ol ordinary skill in the art at the time the invention was
made to mcorporate the teaching of either Wysocki et al., Fant, or Beckwith et al. into
thc‘systcm of Lyon et al. in order to improve the system with the enhanced capability
of displaying three-dimensional image of the remoted aircraft over the terrain data.

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

determination of a delay time for communicating said flight data between said
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computer and said remotely piloted aircraft, and adjustihg the sensitivity of said set of
one or more remote flight controls based on said delay time. However, Kanaly does
suggest delay time for conununicating between the ground station and the remote
airborne into account of contralling the remote airborne (see at least column 3, lines
15-24, and column 8, line 54 to column 9, line 6). [t 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 ta the remoted vehicle and recc}iving the accurate position and heading data of
the vehicle from the remoted vehicle.

Thus, because of the motivation set forth above, it would have been obvious t0 a
person of ordinary skill in the art at the time the invention was made to combine the
teachings of Lyon, Kanaly, with either Wysocki et al., Fant, or Beckwith et al.

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

c. With respect 1o claim 3, Lyons et al. disclose that the tlight data
communicated between said remotely piloted aircraft and said computer is secured (see
page 5-2, first paragraph of the Radio Navigation Using Data Link section).

d. With respect to claims 4, 5, 7, and 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 captured 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 communication link (wideband transmission of video
signals) than said flight data (see page S-2, first paragraph of section Radio Navigation
Using a Data Link).

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

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

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

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

i 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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Thornberg et al. suggest a variable referenced control system for remotel y 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 the 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 rolt control signals as the flight control signals for remotely control

the vehicle.
7. All claims are rejected.

Remarks

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

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

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

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

1. Applicants further argue that the references cited do not disclose the determining
of the delay time for conmunication. Applicant's attention is directed to column 8, line
54 to column 9 fine 35 in which it disclose such feature. Therefore, the new rejection
made is considered to be proper.

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

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

A shortened statutory period -for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
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. In no cvent, 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 telephone 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.

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

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

Conunissioner 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")

[1and-delivered responses should be brought to Crystal Park 11, 2121
Crystal Drive, Arlington. VA, Sixth Floor (Receptionist),

\T QN MJ\UJ e
TAN Q. NGUYEN
Han PATENT EXAMMNER

May 01, 1998 Art Unit 3614
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Art Unit: 3614
Filed: January 19, 1996

For: A Method and Apparatus for
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Assistant Commissioner for Patents
Washington, D.C. 20231

RESPONSE UNDER 37 C.FR.§ |16
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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:

I5 U.8.C. §103 rejection, over Lyons in view of Wysoki or Fant or Beckwith, and Surther
in view of Kanaly
The Examiner has rejected Claims 1-9 14-18, 23-38 and 50-53 under 3suS.C
<5228, £3-38, and 50-53

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

view of Kanaly.

_R\M‘
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hereby certify that this correspondence is heing deposited with the United States Postal Service as first cluss manl

with sufficient postage in an envelape addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231
on July 6, 1998
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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). Inaddition, 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 1o 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

Rejection Regarding Kanaly

The Office Action states that Lyons does not disclose “the determination of 3
delay time for communicating said light data between said remolely 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 deluy time for communicaling between the ground station and the remate

atrbome into account of controlling the remote airbome ” Id. Either, the Office Action

is: 1) incorrectly asserting that Kanaly teaches that the computer monitors the time deluy
and adjusts the sensitivity of the controls; or 2) asserting an tmproper rejection because
“the prior art reference (or references when combined)” do not “teach or suggest all the

claim limitations,” but rather teach away,

a) Assuming the Office Action is Asserting that Kanaly Describes

Monitoring the Time Dela

for Communication and Adjusting the

Sensitivity of the Controls Based on the Measured Time Delay

Altorney 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 1o support the rejection:

It also substantially increases the speed of operation of the sysfem.
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 looking. Signals indicating where the remote
operator is looking are sent to the RPV. The RPV includes a camern. 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 respanse to
the remote operator’s 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 0 movement of the
camera, Kanaly tcaches having the camera store high resolution data over the 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 looking and low resolution imagery (hased on the stored high resolution data)
corresponding lo the remaote operator's peripheral vision. As a result, movement of the remate operator’s
head mercly 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 dala 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 (o he effectively decoupled from the data link.” (see col. 2, line 56 - col. 3,
line 24; col. 8, line 54 - col. Y, line 6). .

-3-
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operator 10 to a look angle correction by the oculometer 33 and changes to
anew 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 angle correction by the oculometer 33,” “changes to a new location in memory 21
from which new high resolution data is to be reud oul,” “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

lo the human eye, it is not at all surpnising that no where in Kanaly is the idea of having

the computer in the pilot station measure the delay and adjust the sensttivity of the

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

delay is not perceptible to the human eye.

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

Mere Fact that Kanaly indicates that there Exist Delay in Hig

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

The second quote from Kanaly reproduced above clearly indicates that Kanaly has
deterinined 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 6 Jo
0.2 seconds. This provides no support for the rejection.

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 delay time for his overall system is
imperceptible by the human eye does not even come close to teaching or suggesting the
claimed limiration 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 10 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 taught or suggested by Kanaly are being ignored. In fact,
Kanaly teaches away from the claimed invention by teaching that the delay is not
perceptible to the human eye.

2) The 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 10 assert thut Lyons
describes the transmission of flight data from the aircraft, where that flight data includes
the aircraft's position. This is clearly not the case.

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

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

! In 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 RPY transmitting information to a control center (Figure 1). The contral center is used by the pilot 10

tly the RPY. “To display the position of the RPV to the pilot, the control center provides s “moving map display.” As

contermplited by Lyons, “the most convenient displuy mode for the present application is the rolling map or ‘passing
-5-
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scene’ technique where o new line is added to the top of the display and the scenc is shifted slowly downwarqs" (page
5-3. end of first full puragraph). In particular, Lyons contemplates using film o 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 an, dead reckoned positions have accumulating error. ‘To adjust for this error, Lyons
describes two basic concepts: 1) mup matching (Section 3%, and 2) termain map correlation (Section 4). Th; 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 limage
dala transmitted by the RPV). Lyons conlemplates the transmission of two kinds of image data: 1) side looking radar
(SLR); and 2) real time forward-looking sensors. When using the SLR sysiem, the SLR generated image data received
by the control center allows it 10 make downward-looking image. The pilot watches the sensor display (i.:,., the
display generated based on the transmitted image data) for “likely update features”—landmarks. When the pilol sees a
landmark in the sensor display, the pilot presses a transfer button which causes the control center to superimpose the
sensor display over the moving map (Figure 5). The pilol then adjuss 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 allempt 1o remove the ervor associated with the calculation of dead reckoned
positions (Page 5-3, sccond, third, and fourth full paragraphs). The simulated SLR/map update system is illustrated in
Fipures 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 wa techniques of updating dead reckoned RPV pusitions on a
moving map using only ceal time forward-looking sensors: 1) an anamorphic projection technique (page S-3, fifth full
paragraph; ligure B); and 2) a HUD hased techuigue (page 5-3, sixth full paragraph; figurc 9). Similar o the SLR
based techniyue, the anamorphic projection technique requires the pilul to watch the sensor display (i.e., the image
generated from the transmitted data) for landmarks, press a button which superimposes the transmitted hmage on the
moving map, adjust the moving map, and press an accept button. As described in Lyons, in order to supedmpose the
forward-looking transmitted image on the moving map, the forward-laoking image is transformed using anamorphic
projection. Lyons gues on o describe various problems with the anamaorphic projection technique, and then describes
the HUD based technigue.

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

In summary, the map matching techniygies use the following: 1) the transmission of image duta from the
RPV 1o the contral center; 2) a display at the control center which shows an tmage based on the rext time image data
received from the RPV; 1) 4 maving 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 to allow the piiot 1o update the moving map
in an effort 10 correct the error assaciated with the dead reckoned positions. The sensor display’s image is based on
image data transmitted from the RV, while the moving map contemplited by Lyons is a two-dimensional, tp down
view displayed using {ilin (see Figures 5 and 7).

Having described the map matching techniques from Lyons, Applicant will now describe
correlation technique of Lyons. The terrain map correlation technique described in Lyons is also us
the error in dead reckoned positions shawn o the piiot by a two-dimensional moving map.
al page S-3, last paragriuph;

he moving map, and the pilar

the terrain mup
ed for correcting
In particular, Lyons states

Reconnaissance or forward-laoking sensors provide a convenient method of updating the
navigation system. However, these sensors required large datalink handwidth to transmit the video
picture W the control center and hence are vulnerable to ECM. .. Hence, an altermative method of
updating the navigation system is desirable. (emphasis added)
The phease “updating (he navigation system” is used throughout Lyons to refer to the adjustment of o two-dimensiona
moving map in an effort to correct for error due (o deud reckoning.

Rather than requiring the user to actively update the moving map display (i.e., push a button which causes
the images to he superimposed. adjusting the moving map, and pushing an accept button), the lerrain map correlation
technique aucempts 1o adjust the moving map (i.e., correct for the dead reckoned error) without pilot intery
a laser range measurements and a digital elevation database. [n operation, the RPV transmiits to the coniro,
of laser range measurements (including an altimeter ceading). The control center uses dead reckoned pasil
adjust the two-dimensional moving map and to estimate (the location of the RPY over a digital dutabase m
elevation points stored in the control center (Figure 10). Based on a cateulation ol the possible error associuted with
the dead reckoned positions, a search area is identified in the digita) database (Figure 12). A search is then performed
within this search area 1o identily the pusition that most closely matches the transmitted laser range data. The RPV's
position is then updated 1o the location that best matches the transmitted laser ranges in an attempt to correct the error
associated with the dewd reckoned positions. The moving map is then automatically adjusted (wjthout pilot
intervention) w reilect the upduted RPY position.

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

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

In fact, Lyons states the following:

This paper discusses methods by which the navigation function for a
Remotely Piloted Vehicles (RPVs) can be achieved without the necd for
complex specialized navigation cquipment. The objective is to make use
of equipment normally carried for RPV operition to supplement a simple
dead reckoning navigation system. In this way significant improvements
in navigation capability can he achieved with little or 1o 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 lustrited in Figure 10) is used to update the two-
dimensional moving map in an effort to correet for the error 1 the dead reckoned pasitions.

" In addition, the office action cites pages S-4, third paragraph, and Rigure 8 as disclosing a single sysiem that accesses
# dutahase based on the remotely piloted aircralt’s wansmitted position and orientation and transfonns the tercpin Jata
inlo a projected image. However, Figure & is for a lirst system in which the RPV uses a ™

transmit a video image and the pilot station uses amamorphic projection 1o overlay that image on a 2D moving map,
which is not generated hy transforming a database of polygons (sce page 5-3, paragraph 6), while pages 5-4, third
paragraph describe a second systemn in which the RPV transmits laser measurcments in dicu of g video strean - Lyons
describes the advantages of using one over the other. !

.7
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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 used by the pilot station to

determine a corrected dead reckoned position of the aircraft through complicated

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

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

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

Kanaly

Lyons describes that the remote pilot station displays to the remote pilot a two-
dimensional moving map (which is not based at alf 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 Oftice Action asserts that the combination of Lyons and Wysoki or Fant or
Beckwith would result in a system that produces “a three dimensional image data from
the digital database and the navigation information.” First, the claims are not that the

image is generated from the digital database and some vague notion of “navigation

information,” but require that the transmitted position and orientation be used to

generate the three dimension image (as stated above, Lyons describes a very different
system in which the transmitted data is not used for 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 resuit in making a determination of
the time delay of the eatire 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 Applicant’s Invention

Beckwith, and further in view of Kanaly

Aircraft transinits dead reckoning Aircraft determines its own position and
information orientation, and then transmits Its own

position and orientation

Aircraft transmits laser measurements for

automatic dead reckoned position update

Pilot station determines error associated
with dead reckoning; identifies a search
area in the digital database based on the

dead reckoned position - where (he current

dead reckoned position is the center of the
search arca (“expected RPV position™ in

Figure 12) and the search area represents

the locations the RPV could be due 1o the
accumulating error in the curreat dead
reckoned position; compares the
transmitted laser measurements for various

position in the search area in an effort to

locate a correcred position of the RPV.

' 01640
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As modified by Wysoki, Fant or Beckwith, | 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 | & 14)

Thus, the asserted combination would result in forgoing Lyon's two-dimensional map,
and instead using Lyons digital database to gencrate a three-dimensional image (through
some technique in Wysoki, Fant or Beckwith) relative 1o a corrected dead reckoned
position. The above table is a fair read of the combination of Lyons and Wysoki or Fant
or Beckwith because none of Wysoki or Fant or Beckwith describe a manner of piloting
of a remotely piloted aircraft; in contrast Wysoki and Fant and Beckwith describe how to
generate threc dimensional images from various databases (none of which store the
terrain as a set of polygons).

4) The Claimed Invention js Not Obvious in view of the combination of L.

yons

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 docs not describe Applicant’s claimed invention. [n particular, the

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

uses transmission of dead reckoning information by the aircrafl, some mechanism in the

-10-
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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., fat terrain such as deserts, water, etc.). For example, assume that
Lyons RPV is flying over water. The three or more laser measurements taken by the
RPV will all indicate that the terrain over which the RPV js 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 measurcments can no longer be used to correct

the dead reckoned position. In fact, Lyons states:

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

4 .
Lyons states the followiny:

This paper discusses methods by which the navigation function for a Remotely Piloted Vehicles
(RPVx) can he achieved without the need for complex specialized navigation equipment. The
objective is 1o make use of equipnent normally carried for RIPY uperaiton 1o supplement g simpls:
dead reckoning navivation system. In this way significant Improvements in navigation capability
can be achieved with little or no added com plexity in the vehicle itself. The additiona) processing
is carried oyt at the control centre where festrictions on equipment size and COSt are nol 50
prohibitive. ... Use can atso be made of an on-board laser t pravide ranye-to-terrain
measurements which, when carrelated with a computer stored map, enables the RPV position to be
continuously updated. (Absiract)

s Lyons describes busically two systems: 1) a higher handwidth system that uses dead reckoning and
transmits images from the RPV (o the pilor station for updaling the dead reckoned postions; and 2) a lower handwidih
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 transnission of imnages to fly the aircratt and 10 correct
dead reckoned pusitions, but has the remotely piloted aircraft deternine and lransait its position and generates three-
dimensional images from the database in the pilot station from that transmitred position. As described in the text,
unlike the later, Applicant’s cluimed system does not use terrain-referenced navigation. N

S11-
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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
systern over featureless terrain. (section 5). (emphasis added)

Applicant’s claimed invention does not use Lyons dead reckoned positions that
must be corrected in the pilot station using terrain-referenced navigation, but rather
Applicant’s claimed invention requires the remotely piloted aircraft determines and
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 trunsmitted from the RPV: in contrast the asserted combination
uses a corrected dead reckoned position that was not transmitred by the RPV). Thus, none
of the data transmitted by the RPV (whether it be Right data for dead reckoning, the deac
reckoned position, image data, or the luser measurements) is the position of the arcraft;

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

determine a corrected dead reckoned position of the aircraft through complicated
processing, which corrected dead reckoned position is used for display. Thus, Lyons
teaches away from Applicant’s cluimed 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 particular, Applicant’s claim 32 requires “determining the current position of

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

position .. from said remotely pitoted 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 transmitied position and orientation that is used o 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 by the human eye does not even come close to
teaching or suggesting the claimed limitation of having the computer in the pilot station
measure the time delay, much less doing anything about it (e.g., adjusting the sensitivity
of the contrals). In fact, Kanaly indicates that the delay is imperceptible (0.2 is
“substantially less” than 0.5 seconds), and thereby indicates no need to do anything about
the delay. Thus, Kanaly teaches away from the claimed invention by teaching that the
-delay is not perceptible to the human eye. In contrast, the language of claims | and 14
requires that the computer in the pilot station determine the delay and adjust the
sensitivity of the controls. If there was a static time delay in transmission and/or the
delay was imperceptible, the sensitivity of the flight controls of Applicant’s system could

01644
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pilot station determine the time delay of the communication and adjust the sensitivity of
the controls, thereby requiring at least one real time measurement of the delay and some
adjustment.

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

said remotely piloted aircraft’s environment according to a database representing real

terrestrial terrain using polygons.” Similarly, Applicant’s claim 32 requires “accessing a

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

polygons.

" As described above, the data in the database of Lyons is not used to generate an image, but simply to update the deusd
reckoned position.
With respect to Beckwith, the digital elevation data in the databasc is points with a constant north up
position, not polygons (see col. 6, lines 52-61; col. 7, lines 30-36).
) Fant describes the use of two databases: 1) the object tibrary database which contains real-world images; and
2) the gaming ares distabuse which provides the information necessary for the placement of the contents of the ohject
library, sucfaces, and special effect on a grid or gaming area (see col. 6, line 38 - col. 7, line 10). tn particular, the Fant O 1 6 /1
patent is for a high performance computer graphics system that combines Computer Generated [magery (CGLY with i
Computer Synthesized Imagers (CSD 1o form Computer Generated Synthesized Lmagery (CGSH) (see col. 2, tine 53 -
col. 3, line 12).
Wysoki describes a darabase of digital orthophotographs {see col. 4, lines 43-51). Digitul onthophotographs
are computerized images gencrated by making geometric corrections to scanned aerial photographs. In particular, an
acrial photograph contains some degree of distortion. In contrast, maps maintain a constant scale, but lack the detail of
an acrial photograph. Orthophotography combines the features of maps and serial photographs. The ueriul
photographs arc unwrapped (lo remave the distortion) and fitted 1o a particular map projection o create an image map
that has wntforim scale und known accurucy.
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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.8.C. §102 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 ohvious over Lyons in view of Wysoki or Fant or Beckwith, and further in view of
Thornberg.

Claims 12-13 and 21-22 are each dependent on one of the allowable base claims 1
and 14. For at least this reason, Applicant respectfully submits that claims 12-13 and 21-

22 are allowable.

Conclusion
Applicant respectfully subrpits that the rejections have been overcome by the
amendments and remarks, and that the Claims are now in condition for allowance.
Accordingly, Applicant respectfully requests the rejections be withdrawn and the Claims

as amended be allowed.

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

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

remains any issue with allowance of this case.

Charge our Deposit Account

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

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: 3/ Lo 1998 . C/}«é/ / //

Danicl M. De Vs
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

Loos Angeles, California 90025-1026
(408) 720-8598
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Attorney's lueetiic’. 002055.P004 4 AR Patant

In re the Application of: __Jed Marqolin AMENDMENT UNDER
{(inventor(s)) 37C.F.R. §1.116

Application No.: _08/587,731 EXPEDITED PROCEDURE

Filed: _January 19, 1996 EXAMINING GROUP 3614

For: A Method and Apparatus for Remotely Piloting an Aircralt

(title)

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

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

Small entity status of this application under 37 C.F.R, §§ 1.9 and 1.27 has been established.by 4;)
verified statement previously submitted. @ o
A veritied statement to establish small entity status under 37 G.F.R. §§ 1.9 and 1.27 is enclosed.
— X ___ No additional fee is required.
A Notice of Appeal is enclosed.

The fee has been caiculated as shown below:
OTHER THAN A

(Col. 1) (Col. 2) {Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fee
Total . -
Claims 38 | Minus 49 ¢] x11|$ 0 x22 1§
Indep. . e
Crains | 3 |Minus 5 0 x41 (s 0 x82 | $
. First Presentation of Multiple
="~ Dependent Claim(s) *13518 0 2708
if the entry in Col. 1 is Iess than the eniry in Col. 2, Total Total
write *0” in Col. 3. Add. Fee |3 0 Add. Fee | ¥
** It the "Highest No. Previously Paid For* IN THIS

SPACE is less than 20, write *20" in this space.
It the "Highest No. Previously Paid For* IN THIS SPACE is less than 3, write "3 in this
Space. The “Highest No. Previously Paid For* (Total or Independent) is the highest number

found from the equivalent box in Col. 1 of a prior amendmant or the number of claims
originally filed.

| hereby cenify 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 far Patents, Washington,
D.C. 20231

on July 6, 1998
Date of Deposit

Conny Van Dalen

Name of Person Mailing Correspondence O 1 6 /I 8
(oo Do Qada. 1--9f
=~ ~ Signature Date )

-1 (LIV/cak 10/25/96).




A check in the amount of § is attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) for an Extension of Time of month(s) pursuant to
37 C.F.R. § 1.136(a).
A check for § is attached for processing fees under 37 C.F.R. § 1.17.
Please charge my Deposit Account No. 02-2666 the amount of $
A duplicate copy of this sheet is enclosed.

X The Commissioner of Patents and Trademarks is hereby authorized to charge payment of the
following fees 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 praesentation of
extra claims.
X Any extension or petition fees under 37 C.F.R. § 1.17.

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP

Date: 7/6 , 1998 e e
7 Daniel M. De Vos
12400 Wilshire Boulevard
Seventh Floor Reg. No. __ 37,813
Los Angeles, California 90025 '

(408) 720-8538
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et Address: COMMISSIONER OF PATENTS AND TRADEMARKS
© Washington, D.C. 20231

APPLICATION NO. FILING DATE ] FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. ]

s/ 57,731 n1/13/96 MORGOLIN J GRZ0SS . POnd
[ EXAMINER

r PHMZ1 /0724 1
BLAKELY SOMOLOFF TAYLOR AND ZAFMAR NGEUYEN. T
L2400 WILSHIRE BOULEVARD r ART UNIT 1 PAPER NUMBER ]
TTH FLOOR
LS AMGELES CA 20025

aE14 | =

'DATE MAILED:
07/24s92

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissloner of Patents and Trademarks

~Jan

TAN Q. NGUYEN
PATENT EXAMNER

‘ 01650

PT0-80C {Rav. 2/85)

1Y U.5.GOVERNMENT PRINTING OFFICE 1906-411-818/ 42775 1- Fils Copy




Application No. Appticantis)
08/587,731 MARGOLIN
AdVI.S‘OfV Actlon Examiner Group Art Unit
TAN Q. NGUYEN 3614

THE PERIOD FOR RESPONSE: [check only a) or b)}
' a) [ expiras THREE months from the mailing date of the final rejection.

b} {7} expires either three months from the mailing date of the final rajsction, or on the mailing date ot this Advisory Action, whichever
s is Iater. In no avent, however, will the statutory period for the response expire later than six manths from the dats of the final

rejection.

Any extension of time must be obtained by filing a petition under 37 CFR 1.136(a), the proposed response and the appropriate fea. The
date on which the responsa, the petition, and the fee have been filed is lhe date of the response and also the date for the purposes of
datermining the period of extansion and the corresponding amount of the fee. Any extension fee pursuant to 37 CFR 1.17 will be
calculated from the date of the originally set shartened statutory period tor response or as sat farth in b) above.

[ Appeliant’s Brief is due two months from the date of the Notice of Appeal filed on {or within any
period for response set forth above, whichever is later]. See 37 CFR 1.191(d} and 37 CFR 1.192(a).
Applicant's response to the final rajection, filed on 7/9/98 has been considered with the following effect,
but is NOT deemed to piace the application in condition for allowance:
] The proposed amendment|s}):
{1 will be entered upan filing of a Notice of Appeal and an Appea! Brief.
] will not be entered because:
{71 they raise new issues that would require further consideration and/or search. (See note below),
{"] they raise the issue of new mattar. (See note below).

[J they are not deemed to place the application in better form for appeal by materially reducing or simpiifying the
issues for appaeal.

3 they present additional claims without cancalling 8 corresponding number of finally rejected claims.
NOTE:

™ Applicant’s response has overcome the fallowing rejection(s):

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

X] The affidavit, exhibit or request for reconsideration has been considered but does NOT place the application in condition
for allowance because:
Upon the response filed on July 19, 1998, the srquments are partial deemed to be persuasive. Therefore, claims 1-9,
12-18, 21-23, and 50 . However, the references cited do resd on claims 24-38 and 51-52 .

[] The affidz?vit or exhipit wiil_NOT be considered because it is not directed SOLELY to 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 (sae attached written explanation, if any):
Claims allowed: 7-9, 712-18, 21-23. and 50
Claims objected to: NONE
Claims re;ected: 24-38, 51, and 52

The proposed drawing correction filed on I_has [ has not been approved by the Examiner.

Nate the attached information Disclosure Statement(s), PT0-1443, Paper No(s).

 Tan e

TAN Q. NGUYE|
. PRIMARY EXAM!
AAT UNIT 361

I}

U. 5. Patant and Trademark Othice

PTO-303 (Rev. 8-95) Advisory Action Part of Paper No. 13
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L; In re Application of: 2
Jed Margolin /Z/ § <_

Examiner: T. Nguyen )
Serial No. 08/587,731

Art Unit: 3614
Filed: January 19, 1996

.
For: A Method and Apparatus for
7 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Remotely Piloting an Aircraft

/\;Q/ RESPONSE UNDER 37 CF.R.§ 1.116
i ~ EXPEDITED PROCEDURE .

M Assistant Commissioner for Patents EXAMINING GROUP 3614

o

Washington, D.C. 20231

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

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

respectfully requests the Examiner to enter the following amendiment and 1o consider the

following remark:

S0

AMENDMENT ™
@
5 In the Claims: Mj —

n ~
S/ Please cancel Claims 24-38, 51 and 52 withow prejudice. B
)'X/fﬂﬁ >
oy
REMARK

The Advisory Action has indicated that claims 1-9, 12-18, 21-23, and S0 are
allowable and that claims 24-38, S| and 52 remain rejected. Although Applicant disagrees

EIRST CLASS CERTIFICATE OF MAILING

Fherehy certify that this vorrespondence is heing deposited with the United States Pustal Service as first cluss mail with

sufficient postage in an envelope addressed o the Assistant Commissioner for Patems, Washingion, D.C. 20231 on
(ugust 4, 144

T ~ (Daic of Deposiny

_Co nny Nany Daien

3
Name of Person Mailing Correspondence T T 0 1 6 5 L

~ Lo UneaQa - §-4-9%

~

Signature Date




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

pursue the rejected claims.

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

any issue with allowance of this case.

Charge our Deposit Account

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

Respectfully submitted,

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP
T
/

/ - 7 .
. g ey -
L S . % / =

. /e (S
Date: & ( , 1998 P >A‘g_/ [ A A
’ Danicl M. De Vés—"
Reg. No. 37,813

12400 Wilshire Boulevard

Seventh Floor

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

. 01653




7 AF//BO (4

W gy mE S -~ uorrss. and Mail

BOX AF
Attornéy’s Docket No.: 002055.P004 Patent
In re the Application of: _ Jed Margolin AMENDMENT UNDER

(inventor(s)) 37CF.R.§1.116

Application No.: _08/587.731 EXPEDITED PROCEDURE
Filed: _January 19, 1996 " EXAMINING GROUP 3614
For: A Method and Apparatus for Remotely Piloting an Aircraft

(title)

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

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

Small entity status of this application under 37 C.F.R. §§ 1.9 and 1.27 has been established by a
veritied statement previously submitted.
A verified statement to establish small entity status under 37 C.F.R. §§ 1.9 and 1.27 is enclosed.
X No additional fee is required.
A Notice of Appeal is enclosed.

The fee has been calculated as shown below:
OTHER THAN A

(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
Claims Highest No.
Remaining Previously | Present : Additional Additional
After Amd. Paid For Extra Rate Fee Rate Fee
Total . .
Claims | 21 | Minus 49 o] x11($ o] x22 1%
Indep. . . s
Claims 2 | Minus 5 0 x41 1 $ 0 x82 | %
First Presentation of Multiple
~..._Dependent Claim(s 13518 0 2708
It the entry in Col. 1 is less than the entry In Col. 2, Total Total
write *0* in Col. 3. Add.Fee|® 0 | Aqq Fee|$

** it 1he "Highest No. Praviously Paid For" IN THIS
SPACE is less than 20, write "20" in this space.

" I the "Highest No. Previousty Paid For* IN THIS SPACE is less than 3, write *3" in this
space. The "Highest No. Previously Paid For" (Total ar Independent) is the highest number
found from the equivalent box in Col. 1 of a prior amendment or the number of claims
originaily filed.

| hareby certity 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 Commissionar for Patents, Washington, :
D.C: 20231

1
—3 o

ny L
on _ August 4, 1998 R =

Date of Deposil o

<

Name ot Person Mailing Correspondence"_
Lonmr- UounQa ee— g-4-9%
~ ¥ Signature Date :
-1- (LUV/cak 10/25/96)
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A check in the amount of $ is attached for presentation of additional claim(s).
Applicant(s) hereby Petition(s) tor an Extension of Time of month({s) pursuant to
37 C.F.R. § 1.136(a).

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

Please charge my Deposit Account No. 02-2666 the amount of $
A duplicate copy of this sheet is enclosed.
X The Commissionar ot Patents and Trademarks is hereby authorized to charge payment of the

following fees associated with this communication or cradit any overpayment to Deposit Account
No. 02-2666 (a duplicate copy of this sheet is enclosed):

X Any additional filing fees required under 37 C.F.R. § 1.16 for presentation of
extra claims.
X Any extension or pelition fees under 37 C.F.R. §1.17.
BLAKELY SOKOLOFE_,’PAYLOR/,/ZAFMAN LLP

/ e .
. ,,

E ’ /-'.(./ / ,/I ’//
d

Date:

o

o

/ Daniel M. De'Vds”
12400 Wilshire Boule(ar

Seventh Floor Reg. No. _ 37,813
Los Angeles, California 90025
(408) 720-8598
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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

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

Recommendation

(e.p., ‘Secrecy Not Recommended (SNR)*) Reviewer(s) Signature/Date/Command

S Fra it Shste vy

Tnstructions to Reviewers:

1. All individuals reviewing this application are required under 35 USC 181 1o sign and date this form
regardless of whether they are making a secrecy order recommendation.

2. The auached copy of the application, any copics made therefrom and this form must be retumed to the
PTO once a recommendation not to impose secrecy has been made or a secrecy order has been rescinded

Time for Completion of Review:

Pursuant 1o 35 11.S.C. 184, the subject matter of this application may be filed in a foreign country for
the pumpose of filing a patent application without a license any timne after the expiration of 6 months from
filing date unless the application becomes the subject of a secrecy order.
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ACCESS ACKNOWLEDGMENT ;
and :
SECRECY ORDER RECOMMENDATION BY DEFENSE AGENCY

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

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

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

jéf’ 5‘2‘%%//3’7% X e A
e ATITE

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 secrecy order recommendation,

2. The attached capy of the application, any copies made therefrom and this form must be retumed to the
PTO once a recommendation not 1o impose secrecy has been made or a secrecy order has been rescinded.

Time for Completion of Review:

Pursuant to 35 U.S.C. 184, (he subject marter of this application may be filed in a foreign country fur
the purpose of filing a patemt application without 2 license any time after the expiration of 6 months from
filing date unless the application becomes the subject of a scerecy order.
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Application No. Applicant(s)
08/587,731 MARGOLIN
InterieW Summary Examiner Group Art Unit
TAN Q. NGUYEN 3614

All participants (applicant, applicant's representative, PTQ personnel):

(1) TAN Q. NGUYEN (3)

(2) DANIEL M DE VOS (4)

Date of Interview 820/98

Type: {XTelephonic [Bersonal (copy is given to dpplicant affplicant's representative).
Exhibit shown or demonstration conducted: [Yes 9. 1f yes, brief description:

Agreement [Xwas 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
CLAIM 53 IS REQUESTED TO BE CANCELED SINCE IT DEPENDS ON CLAIM 34 WHICH WAS CANCELED. THE
AGREEMENT WAS REACHED.

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render i
the claims allowable must be attached. Also, where no copy of the amendents which would render the claims allowable
is available, a summary thereof must be attached.)

1. X Itisnot necessary for applicant to provide a 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). !f a response 1o the last 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 attachments) 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 allowable, this completed form is considered to fulfill the response requirements of the |ast
Office action. Applicant is not relieved from providing a separate record of the interview unless box 1 above
is also checked
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Examiner Note: You must sign and stamp this form unless t is an attachment to a signed Office action.

U S Patent and Tiatemark Office

PT0O-413 (Rev. 10-95) Interview Summary PaperNo. 15
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Washington, D.C. 20231

[ APPLICATION NO. l FILING DATE [ FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. ]
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DATE MAILED:
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Please find below and/or attached an Office communication concerning this application or
proceeding.

Commisstoner of Patents and Trademarks
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"f Application No. Applicant(s)
. 08/587,731 MARGOLIN
Notice of Allowability Eaie

Group A Unit
TAN Q. NGUYEN 3614

—

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

X! This communication is responsive to _0®/07/98 and 08/20/98

(X! The allowed claim(s) is/are 1-9 10-17.21-23, and 50 (now renumbered as 1-20)

{7} The drawings filed on are acceptable.

-
1

=

Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d).

VAN [1Some”  {None of the CERTIFIED copies of the priority documents have been
{1 received.

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

L] received in this national stage application from the International Bureau (PCT Rule 17.2{a)).

“Certified copies not received:

|1 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. Failure to timely compty will resuit in
ABANDONMENT of this application. Extensions of time may be abtained under the provisions of 37 CFR 1.136(a).

] 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.

| Appticant MUST submit NEW FORMAL DRAWINGS
(7] because the originally filed drawings were declared by applicant to be informat.

X! including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-G48, attached hereto or
toPaperNo. _ 3 .

"I including changes required by the proposed drawing correction filed on

, which has been
approved by the examiner

|_¢ including changes required by the attached Examiner's Amendment/Comment.

ldentifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the reverse side of the

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

i Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

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

] Notice of References Cited, PT0O-892 .

i | Information Disclosure Statement(s), PTO-1448, Paper No(s).

7t Notice of Draftsperson’s Patent Drawing Review, PT0-948

| Notice of Informat Patent Application, PTO-152

Xi Interview Summary, PTO-413

.~ Examiners Amendment/Comment Cl,m W Uz

‘1 Examiner's Comment Regarding Requirement for Deposit of Biological Materia!

. TAN Q. NGUVE
.| Examiner's Statement of Reasons for Allowance PRIMARY EXAMIN
ART UNIT'3614
U S Patent ang Tracemark Ottce . .
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THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
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THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STA Y QD T8 0,
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If the SMALL ENTITY Is shown as YES, varify your If the SMALL ENTITY is shown as NO:
currant SMALL ENTITY status:
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FEE DUE shown above and notify the Patent and A. Pay FEE DUE shown above, or
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B. If the status is the same, pay the FEE DUE shown . )
abova. B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

Il. Part B-Issue Fee Transmittal should ba completed and retumed to the Patent and Trademark Offica (PTQ) with your
ISSUE FEE. Even if the ISSUE FEE hag already been paid by charge to deposit account, Part B Issue Feg Transmittal
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1. All communications regarding this application must give application number and batch number.
Pleasa diract all communications prior to issuance to Box ISSUE FEE unless advised to the contrary,

IMPORTANT REMINDER: Utility patants Issuing on applications filed on or after Dec. 12,1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance
fees when due.
PATENT AND TRADELIARK OFFICE CORY
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All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS} CLOSED in this application. If not included
herewith (or previously mailed), a Natice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

X This communication is rasponsive to 09/03/98

Xl The allowed claim(s) is/are 7-9, 10-17, 21-23, and 50 {now renumbered as 1-20)

X] The drawings filed on 1/19/96 are acceptable.

] Acknowledgement is made of a claim for tareign priority under 35 U.S.C. § 119(a}-{d}.
Clan (1 some* [J None of the CERTIFIED copies of the priority documents have besn
[2) received.
) received in Application No. {Series Code/Serial Number}
{7 received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certiflad copies not received:

(] Acknowledgement Is made of a claim for domaestic priority under 35 U.S.C. § 1191e).
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der the provisions of 37 CFR 1.136(a).
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that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

(1) Applicant MUST submit NEW FORMAL DRAWINGS

) because the originaily tited drawings were declared by applicant to be informal,

! including changes required by the Notice

of Draftsperson's Patent Drawing Review, PTQ-948, attached heretp or
to Paper No.

I”] including changes required by the proposed drawing correction filed on

., which has been
approved by the examinar,

L] including changes required by the attachad Examiner's Amendment/Comment.

ldentifying indicla such as the application number (see 37 CFR 1.84,
drawings. Tha drawings should ba filed as a separate paper with a
Draftsperson.
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transmittal lettter addressed to the Official

) Note the attached Examiner’s comment regarding REQUIREMENT FOR THE DEPQSIT OF BIOLOGICAL MATERIAL.
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and DATE of the NOTICE OF ALLOWANCE should aiso be included.

LICATION NUMBER (SERIES
e Fee Due, the ISSUE BATCH NUMBER

Attachment(s)
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. Assistant Commissioner for Patents
Washington, D.C. 20231
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through 4 shouid ba completed where appropriate. Al further correspondence including the Issue Fee mz"‘;:':"::'g: g'a:?""‘u b‘.’n':“” %’Ssm‘ﬁ";&m for m
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CHANGE OF ADDRESS/POWER OF ATTO}RNEY}

FILE LOCATION 9200 SERIAL NUMBER 08587731 PATENT NUMBER 5304724
THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 23497
THE FEE ADDRESS HAS BEEN CHANGED TO CUSTOMER # 23497
ON 08/11/00 THE ADDRESS OF RECORD FOR CUSTOMER NUMBER 23497 IS:

JED MARGQOLIN
3570 PLEASANY ECHO DRIVE
SAN JOSE CA 95148-1916

PTO INSTRUCTIONS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:
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" ADDRESS CHANGE TO CUSTOMER NUMBER' . LINE THROUGH THE 0OLD
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE ‘ CUSTOMER
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OF RECORD, FILE LETTER IN THE FILE JACKET.

THIS FILE IS ASSIGNED TO GAU 3614,

01657

PTO-FMD
TALBOT-1/97




fle:/fe:/APPS/preexan Veorrespondence/2.htr

UNITED STATES DEPARTMENT OF COMMERCE
Patent und Trudemark Office
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[ APPLICATION KUMBER | FILING DATE ; FIRST NAMED APPLICANT ATTY. DOCKET NO /TITLE
08/587,731 01/19/1996 JED MARGOLIN 002055 PO04
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JED MARGOLIN
3570 PLEASANT ECHO DRIVE
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This is in responsa to the Power of Attarney filed 07/02/2000.

The Power of Attorney in this application is accepted. Corres

pondence in this application will be mailed to the above
address as provided by 37 CFR 1.33.

Customer Service Center
[nitial Patent Examination Division (703) 308-1202
OFFICE COPY
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\; M Approwad for use thraugh 6/30/59. OMB 06610015 +
s, Palent end Trademark Offica; U.S. DEPARTMENT OF COMMERGE
\t }] Under the Peperwork Reauclion Acl of 1905, no persons ara required 10 mspond 1o 8 collection of nfarmation unlass & digplays
A a valiy OMB conlrul numbar
S r— Application Namber 08/587,731 h
REVOCATION OF POWER OF | Fiing Due 01-19-1996
EY OR First Named Inventor Jed Margohn
ATTORN Group Arl Unit 3614
AUTHORIZATION OF AGENT Examir Mo NGUYEN, TAN QUAN
. Allorney Dacke! Number
) \ /

| hereby revoke all previous powers of attarney or authorizations of agent given In the above-identified
application: o

[T1 A Power of Attorney or Authorization of Agent is submitted herewith,
OR

[X] Please change the correspondence address for the above-identified application to:

Place Custamer
Customer Number [ 23497 j - Number Bar Code * ™~
OR Labet here
Firm or
individual Name
Address
Address
City
Counlry State l 2P l
Telephone Eax
I am the:
[X] Applicant.

D Assignee of record ot the entire interest
Certificate under 37 CFR 3.73(b) is enclosed

SIGNATURE of Applicant or Assignsee of Record

Name Jed Margolin

Signature ed TNangati
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Date G dur
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Washingtor, OC 20231, DO NOT SEND FEES OR GOMPLETED FORNS YO THIS ADORESS. SEND TG. Assistant Comniissions for Palents,
Washington, D¢ 20231,
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IN'THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: T. Nguyen

Jed Margoiin
Art Unit: 3614
Application No. 08/587,731

Filed: January 19, 1996

Issue Batch No.: 116

“ Ly,

: A Method and Apparatus f . 4
For: A Method an ppardius for Notice of Allowance: 8/24/(JSSEP 03 ](”98

Remotely Piloting an Aircraft

£

SUBMISSION OF FORMAL DRAWINGS

Official Draftsman
Washington, DC 20231

Dear Sir:

Applicant respect{ully requests that the objection 1o the shading in Figure 7 be withdrawn
because: 1) the shading aids in understunding 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 auginenting the perspective views provided.

Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP

Date: d,( 3 1998

12400 Wilshire Blvd.

Seventh Floor

I'hereby cartity fhat this comespondenca i depostted
Los Angeles, CA 90025-1026 wmm:umsmm PostaiSchauﬂrstmmalm
(408) 720-8598 sufficlent postags in an envelope addressed 1o the
’ A&&Wﬂcmahwh’mwmmﬂ.c. 2023

On -A\)quS'f‘ 24 ;é,qg‘

A Dats of B?f_d
Covin g \an le

Name of Persan Maling

Lolor -21-qg
& &%a' — Dets

Dantel M. De Vos
Registration No. 37.813

01672
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PTO UTILITY GRANT
Paper Number

The Commissioner of Patents
and Trademarks

Has reccived an application for 4 patent for a
new and useful invention. The rirle and de-
scription of the invention are enclosed. The
requirements of laiw have been complied with,
and it bas been determined that a patent on
the invention shall be granted under the law,

Therefore, this

United States Patent

Grants to the person(s) bam'ng title ¢o this
patent the right to excliud. others fram mak-
ing, using, offering for sale, or selling the in.
vention throughout the United States of
America or importing the juvention into the
United States of America Jor the term ser Sforth
below, subject to the Payment of maintenance

_ﬁaa:pmm'dtdbylaw.

If this application was filed prior t0 June 8,
1995, the term of this patent is the longer of
seventeen years from the dats of grane of this
patent or twenty years from the earliest ffece-
ive U.S. Sfiling date of the application, sub.
Ject to any statutory extension.

If this application was filed on or after June
8, 1995, the term of this patent is twenry years
from the U.S. Siling date, subject 10 an star-
fory extension. If the application contains 4
specific reference to an earlier filed applica-
tion or applicarions under 35 U.S.C. 120, 121
or 365(c), the term of the pateny is twenty years
from the date an which the carliest applica-
tion was Siled, :ulject Lo any slatutory exten-

ston, 8

Commissioner of Patenes and Trademarky

Form PTD-1534 (Rev. 97

{
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