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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
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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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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
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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

Atemey Docket # 02055.P002C Applicatian No.: 08/513,298
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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.



Serial No.: 08/513,298 8
Art Unit: 2304

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.
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= 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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Tom Weingartner

Honeywaell Defense Avionics Systems
9201 San Mateo Boulevard NE
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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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