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IN THE UNITED STATES DISTRICT CO
FOR THE EASTERN DISTRICT OF MICHI l L E
SOUTHERN DIVISION
DENSO CORPORATION JUN - 8 2007
and . CLERK'S OFFICE
DENSO INTERNATIONAL AMERICA, INC. A A OURT
Plaintiffs,
Civil Action No.
V. -
07-12462
HONEYWELL INTERNATIONAL, INC.,
AVERN COMHN
Defendant.
/
MAGISTRATE JuDGE VWHALEN

COMPLAINT FOR DECLARATORY JUDGMENT

NOW COME the Plaintiffs, DENSO CORPORATION (hereinafter sometimes referred to
as “DENSQ”) and DENSO INTERNATIONAL AMERICA, INC. (hereinafter sometimes
referred to as “DENSO AMERICA™), by its attomeys HARNESS, DICKEY & PIERCE, PLC,
and for its Complaint for a declaratory judgment against HONEYWELL INTERNATIONAL,

INC. (hereinafter sometimes referred to as “HONEYWELL™), states as follows:

NATURE OF THE ACTION

1. This is an action under the Patent Laws of the United States, Title 35 United
States Code, as amended, and the Declaratory Judgment Act, Title 28 United $tates Code §
2201, arising from a case of actual controversy between Plaintiffs DENSO and DENSO

AMERICA and Defendant HONEYWELL.,
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PARTIES

2. DENSO CORPORATION is a Japanese corporation with its principal place of
business in Kanya, Japan.

3. DENSO INTERNATIONAL AMERICA, INC. 1s a Delaware corporation with its
principal place of business in Southfield, Michigan.

4, HONEYWELL INTERNATIONAL INC. is a Delaware corporation with a
principal place of business in Momms Township, New Jersey. HONEYWELL
INTERNATIONAL INC. is registered to do business in the State of Michigan under Michigan
Corporate Identification Number 626822, HONEYWELL INTERNATIONAL INC.’s resident
agent in Michigan is CSC-LAWYERS INCORPORATING SERVICE COMPANY, 601 Abbott
Road, East Lansing, MI 48823, HONEYWELL INTERNATIONAL INC. is doing business

within Michigan, including within the Eastern District of Michigan.

JURISDICTION AND VENUE

5. This Court has subject matter jurisdiction over Plaintiffs’ complaint for
declaratory judgment pursuant to Title 28 United States Code §§ 1331 and 1338(a), 2201 and
2202

6. Personal jurisdiction over Defendant is proper in this district pursuant to the laws
of the State of Michigan effecting jurisdiction upon Defendant based upon Defendant’s contacts
with this jurisdiction.

7. Venue is proper in this judicial district under Title 28 United States Code §

1391(c).
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BACKGROUND

8. As recorded in the United States Patent and Trademark office, HONEYWELL is
the owner of U.S. Patents Nos. 5,923,286 (“the ‘286 Patent™); 6,289,277 (“the ‘277 Patent™):
6,308,132 (“the "132 Patent™); 6,664,945 (“the ‘945 Patent™); 6,691,030 (“the ‘030 Patent™); and
6,700,482 (“the ‘482 Patent”) (hereinafter sometimes collectively referred to as “the patents-in-
suit”). Copies of .the patents-in-suit are attached as Bxhibits A-F.

9. DENSO is a suppler of automotive components and systems for all the world's
automakers. DENSO makes and sells automobile navigation products, including its E7001
navigation unit (hereinafter sometimes referred to as “DENSO’s automobile navigation
products”).  DENSO has supplied its automobile navigation products to automobile
manufacturers throughout the world since at least as early as 1987. |

10.  DENSO AMERICA is a wholly-owned subsidiary of DENSO and a supplier to
automobile manufacturers in the United States. DENSQO AMERICA provides sales and
engineering services and support to automobile manufacturers in the United States, including
General Motors and Toyota, for DENSQO’s automobile navigation products. DENSO AMERICA
has provided sales and engincering scrvices and support for DENSO’s automobile navigation
products since the 1990’s.

11. On June 20, 2006, HONEYWELL sent via facsimile and overnight courier a letter
addressed to DENSQ accusing DENSO’s aulomobile navigation products of infringing the 286
Patent and the ‘030 Patent. A copy of the letter is attached as Exhibit G.

12, The letter asserts that HONEYWELL is the owner of the identified patents.
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13, The letter further states that HONEYWELL had obtained and tested a Denso
automebile navigation product and that HONEYWBLL had “determined that this product, which
uses GPS/INS and Waypoint Locating technologies, infringes the Honeywell Patents.”

14, The letter encourages DENSQ to obtain a license not only under the identified
patents, but also under additional patents, including the ‘277 Patent, the ‘132 Patent, the ‘945
Patent, and the ‘482 Patent. The Jetter states “Denso should also consider licensing the
additional Honeywell Patents enumerated in the enclosed patent summary sheet that are relevant
to Denso’s products. We realize that Denso sells other navigation products, and we would be
willing to discuss including such preducts in any agreement we reach.”

15.  DENSO’s autemobile navigation products do not fall within the scope of any
valid elaim of the patents-in-suit. Consequently, neither DENSQ nor DENSQ AMERICA is
hiable to HONEYWELL for patent infringement. A case of actual controversy exists between
DENSO and DENSO AMERICA and HONEYWELL, therefore, as a result of HONEYWELL s
accusations of patent infringement levied against DENSO. This action is necessary to stop the

damage to DENSO and DENSO AMERICA resulting from HONEYWELL’s bhaseless

accusations.

COUNT I: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF THE ‘286 PATENT

16.  DENSO and DENSQ AMERICA restate the allegations contained in paragraphs
1-15.
17. DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,

the ‘286 Patent.
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18.  Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the *286 Patent.

CoUNT II: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘286 PATENT

19. DENRSO and DENSO AMERICA restate the allegations contained in paragraphs

1-15.

20, Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the ‘286 Patent for the reason that the ‘286 Patent is invalid.

COUNT IIT: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF THE ‘277 PATENT

21, DENSO and DENSO AMERICA restate the allegations contained in paragraphs
1-15.

22. DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,

the “277 Patent.

23, Neither DENSQO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the ‘277 Patent.

CouNTIV: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘277 PATENT

24, DENSO and DENSQO AMERICA restate the allegations contained in paragraphs

25, Neither DENSQ nor DENSQO AMERICA is liable to HONEYWELL for

infringement of the ‘277 Patent for the reason that the ‘277 Patent is invalid.
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COUNT V: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF TIIE 132 PATENT

26.  DENSO and DENSO AMERICA restate the allegations contained in paragraphs
1-15.

27.  DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,
the *132 Patent.

28.  Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the ‘132 Patent.

COUNT VI: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘132 PATENT

29.  DENSOQO and DENSO AMERICA restate the allegations contained in paragraphs
1-15.
30.  Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

mfningement of the “132 Patent for the reason that the ‘132 Patent is invalid.

COUNT VII: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF THE ‘945 PATENT

31.  DENSO and DENSQ AMERICA restate the allegations contained in ‘paragraphs
1-15.

32. DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,
the ‘9435 Patent.

33, Neither DENSO lnor DENSO AMERICA is liable to HONEYWELL for

mfringement of the ‘943 Patent.
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CouNT VIII: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘945 PATENT

34.  DENSO and DENSO AMERICA restate the allegations contained in paragraphs
1-15.
35.  Neither DENSO nor DENSQ AMERICA is liable to HONEYWELL for

infringement of the ‘945 Patent for the reason that the ‘945 Patent is invalid.

Count IX: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF THE ‘030 PATENT

36.  DENSO and DENSO AMERICA restate the allegations contained in paragraphs
I-15.
37. DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,

the ‘030 Patent.

38, Neither DENSO nor DENSO AMERICA is liable to HONEYWELIL, for

infringement of the ‘030 Patent.

COUNT X: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘030 PATENT

39.  DENSO and DENSO AMERICA restate the allegations contained in paragraphs

40.  Neither DENSO nor DENSO AMERICA is lable to HONEYWELL for

infringement of the ‘030 Patent for the reason that the ‘030 Patent is invalid.




+
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COUNT XI: DECLARATORY JUDGMENT OF NON-INFRINGEMENT OF THE ‘482 PATENT

41, DENSO and DENSO AMERICA restate the allegations contained in paragraphs

42. DENSO and DENSO AMERICA are not infringing, nor have they ever infringed,

the ‘482 Patent.

43.  Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the ‘482 Patent.

COUNT XII: DECLARATORY JUDGMENT OF INVALIDITY OF THE ‘482 PATENT
44.  DENSQ and DENSO AMERICA restate the allegations contained in paragraphs
1-15.
45, Neither DENSO nor DENSO AMERICA is liable to HONEYWELL for

infringement of the ‘482 Patent for the reason that the ‘482 Patent is invalid.

PRAYER FOR RELIEF

WHEREFORE, DENSO and DENSO AMERTCA pray that this Honorable Court:
| A, Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that DENSO and DENSO AMERICA have not infringed U.S. Patent No. 5,923,286;
B. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declanng that U.S. Patent No. 5,923,286 is invalid;
C. Enter judgment for DENSQ and DENSO AMERICA and against HONEYWELL

declaring that DENSO and DENSO AMERICA have not infringed 1.S. Patent No. 6,289,277,
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D. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that U.S. Patent No. 6,289,277 is invalid;

E. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that DENSO and DENSO AMERICA have not infringed U.S. Patent No. 6,308,132;

F. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that U.S. Patent No. 6,308,132 is invalid;

G. Enter judgment for DENSO and DENSQO AMERICA and against HONEYWELL
declaring that DENSO and DENSO AMERICA have not infringed U.S. Patent No. 6,664,945;

H. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that U.S. Patent No. 6,664,945 is invalid;

L Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that DENSO and DENSQ AMERICA have not infringed U.S. Patent No. 6,691,030;

T Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that U.S, Patent No. 6,691,030 is invalid;

K. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that DENSO and DENSO AMERICA have not infringed U.S. Patent No. 6,700,482;

L. Enter judgment for DENSO and DENSO AMERICA and against HONEYWELL
declaring that U.S. Patent No. 6,700,482 is invalid;

M. Enter judgment declaring that this case is exceptional, and that DENSO and
DENSO AMERICA are entitled to recover from HONEYWELL their costs and reasonable
attorneys’ fees incurred in this action, pursuant to 35 U.8.C. § 285; and

N. Enter judgment granting such other and further relief and damages to DENSOQ and

DENSO AMERICA as justice and equity may require.
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Respectfully submitted,

Dated: June 8, 2007 By:

o

Robett ] (P16554)
e A, Stobbs (P34880)
1d P. Utykanski (P47029)
HARNESS, DICKEY & PIERCE, P.L.C.
5445 Corporate Drive, Suite 400
Troy, Michigan 48098
248/641-1400
248/641-0270 (fax)
E-mail: rjlerhan@hdp.com
gastobbs@hdp.com
dputykanski@hdp.com

Counsel for DENSQ CORPORATION and
DENSQ INTERNATIONAL AMFRICA, INC.
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Exhibit A
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GPS/IRS GLOBAL POSTTTON
DETERMINATION METHOD AND
APPARATUS WITH INTECGRITY [LOSS
PROVISIONS

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present invention perlains to a system employed for
determining the global position of a mabile unit by employ-
ment of both an inertial reference sysiem (IR5) znd a
satellite positioning system (GPS), and more specifically, a
system which employs a provision for determining the
mobile wnit’s global position and corresponding integrity

during those periods of time i which the GPS satellite |

constellation is insufficient for establishing GES integrity
limit values by employment of RATM.
2. Description of the Related Art

Satellite positioning sysiems are now well-known in the
art, Such systems, for example, NAVETAR-GPS, are rapidly
being employed for a determination of the geocentric posis
tion of mobile ueits, such as water and land vehicles, space
und pircrafi, and survey equipment, 1o name o few.

In aircraft, GPS systems are being utilized for navigation,
flight control, and alrspace control. These GPS systems may
operate independently or in combination with inertial refers
ence systems or attitude beading reference systems in order
to provide informaetion particularly during a tight mission,

Global positioning systems, hereinatter referred 10 as
“GPS", similar to NAVSTAR, commonly use 1 GPS
receiver, located on a mobile unit, for receiving satellite
mformation signals iransmitted from a plurality of satellites,
Lach GPS sateilile transmits a satellite information signal
containing data that allows a user to determine the range ar
distance between selecled GPS sate]lites and the anlenna
associated with the mobile wnit's GPS receiver, These dis-
lanees are then wsed o compute the peoceniric posilion
coordinates of the roceiver unit using known triangulation
techniques, The computed geocentric position coordinates
may, in turm, be translated 1o carth latifude and longitude
coordinates,

In order o determine the position of the GPS receiver, 2
minimum of four unique satellite information signals are
required, rather than the expected three (three position,
unknown coordinates). This is so, since the GPS receiver
generally includes a receiver clock which is ol as accurate
as the atomic ¢lock normally asspcialed with each of the
satellites. Therefore, receiving satelhie information signals
from four differsnt satellites provides & complete solution
which permnits the correction of any receiver clock ermor as
i5s well-understood in the art. Hersin, the GPS receiver
position derived by the triangulation technique using data
from multiple satellites is referred to as the “0OFS estimated
position”, identified as POS_GPS. The accuracy of this
estimated GPS position is dependent upon many factors,
including, among others, stmospheric condilions, selective
satellite availabilily, and the relevant position of the satel-
lites with respect (o the line aof sight view of the satwllites,

Associated with a GPS estimated position is a “position
error bound” as padlicularly defined by accepted GES sys-
tems standards which have been developed by the Radio
Technical Commission for Aeronautics (RTCA), in associa-
tion with aeronautical organizations of the United States
from both government and industey. The RTCA has defined
the phrase “GPS system integrity” as the ability of a GFS
sysiem to provide timely warnings to usérs when the GPS

Eldg
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systern should not be used for navigation, “System integrity”
is particularly ideotified in 8 document entitled “Minimum
Operational Performance Standards for Adrborne Supple-
mental Navigation Eguipment Using Global Positioning
System (GPS)”, document number RICA/DO-208, July
1991, prepared by: 5C-159, beginning at section 1.5, As
deseribed therein, GP'S is complicated in that it is a four-
dimensional system invalving three components of position
and ome Hme component, As also described in the aforesaid
RTCA pubtication, the signal-in-space error transforms into
a honzontal position error via a relatively complex function
of a satellite constellation geometry at any given moment.
The GI'S integrity sysiem must interprel lhe information i
has about the received GPS signals and ermor terms in terms
of the induced horizontal position emor, commenly refemed
1o a8 the “position crror bound”, and then make a decision
as to whether the position ermar bound 15 outside the allow-
able radial error, specified for a panticular phase of the flight
mission in progress. The allowable error is referred 1o as the
“alarm limit", herein referred to as the “mtegrity zlarm
limit™, If the horzomal position error bound is found 1o
exceed the integrity alarm lmit, & timely waming must be
isgued by the GPS receiver or subsysiem to notify the pilat
that the OPS estimated position should not be relied upon.

Two rather distinet methods of assunng GFS integrity
have evolved as civilian use af GPS has progressed. One is
the Receiver Autonomous Integrity Moniioring (RAIM)
congept, and the other is the ground monitoring approach
that goes under the “GPS Integrity Channel” {GIC). The
intent of both of these methods s the calewlation of the
position error bound with regard to the current GPS esli-
mated position so that it may be compared with the alarm
limit associated with a particular phase of a flight mission,

The receiver aulonomous integrily monitoring system
(RAIM) cmploys a sclf-consistency check among the
mweasurements, more specifically, GES pseudo range mea-
surements. Jatellite redundaney is required w perform a
self-consistency check on an instantaneous basis, Thus, five
satellites must be in view, ie., five satellite information
signals received and pscudo range measurcments caloulated
by a OPS recciver, If fower than five satcllites are in view,
the value of the peedicted position error bound will be
inflnite. Also, constraints are placed on the satellite constel-
lation geometry that must be met if the self-consistency
checl is to be effegtive in the presence of naise, ¢ g, azimuth
angle of the satellils relative to user position. Generally, a
sateilite consiellation with maoy satelliles in view permils a
robust integrity monitoring system. Converscly, a satellite
constellation having only a fow satellites in view, may limit
the availability of an integrity monitoring system. Thus,
there may be short periods when a good consistency check
is nat possible {less than tive satellites in view), The main
feature of RAIM is that it is completely self-contsined and
relatively easy to implement in software.

Examples of RAIM may be found in the aforementioned
RTCA publication, Appendix F, and also in an article entitled
“Implemeniation of a RAIM Monitor and a GPS Receiver
and an [nlegrated GPS/IRS™ by Mats Brenner, located at
page 397, in the proceedings of ION GPS-00, Third Inter-
national Technical Mecting of the Satellite Division of the
Institute of Navigation, Sep. 19=21, 1590,

GPS systems which inenmporate RAIM outpul a position
srror bownd walus which represents the probabilistic racial
errors of the navigation selution, namely, the GPS estimated
position of the recsiver unit, Currently, RAIM may generate
several numbers, including, a hodzontal position error
bound value (sometimes referred to as HIL—Horizontal
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Integrity Limit), a vertical position error bound value
{somelimes referred to as VIL—Vertical Integrity Limir),
and spherical position ercor hound for the current tirme, ie.,
the instance of Hme that GPS measurements occurred.

Ouce caleulated, the position error bound value(s), HIL
and/or VIL, may be compared with selcctable iotegrity
alarm limit values ta determine if the pilot can rely on the
derived GPS cstimated position for the current phase of the
light mission. It should be recognized that some intcrprotas
tion may be required dependent upon the OPS receiver's
ability to simultancously reccive a pluralily of satellite
information signals as is well-understood in the art.
However, advancemetus in the arl of 12-<channel GRS
receivers have made it no longer mecessary to rely on
interpolation of data ss hefore.

The allowable integrity alarm Hmit valucs may chapge
depending upon the phase of the Hight mission. For instance,
if a pilot is fying in the terminal phase, the integrity alarm
limit may be less stringent than if the pilot is in the approach

phase of the flight mission. If the pilot is to transition from 2

the teeminyl phase to the approach phase, the pilol needs 1o
knaw whether the curment position error bound is sufficient
to allow the pilot to rely upon the GES solution to make the
transition.

Asis well understond in the art, inertial reference systems
employ a plurality of inertial sensors, for exsmple, gyro-
scopes and accolerometers, for determining ao IRS esti-
mated position of the aircrafi, bereipafier referred to as
“POS_IR3", Generatly, the IRS estimated position is in
terms of latitude and longitude (altitude being separately
determined by other means such as an altimeter of some
type}. Ilowever, inherent in such inertial sensors are par-
ticular bias and drift terms which affect the accuracy of the
IRS estimated position of the aircrafl utilizing solely an
inential reference systern, Since high inenial grade sensors,
L4, low bias and drfl characteristios, arc very custly, il is
desirable {0 minimize the cost ol the IRS sysiem hy using
lower grade inemial sepsors.

[# the art, a compromise has buen reached by using lower
grade inertial reference systems in combination with a
global positioning system to produce a high quality--lower
tost navigation and flight control system. This is sometimes
referred to as a Hybrid INS/GPS or [RS/GPS Inertial Ref-
erence System. Thess systems achieve excellent resulis
since duw grade inertial refercnce systoms produce very
accurste dynamic response characteristics, whereas, GPS
provides very scourate static position mformation, but less
accurate dynamic response information. Combining both the
IRS cstimated position and inertial reference informalion
with GFS eslimated positivn information provides excellent
user position information for Aight mavigation and flight
control applications. Accordingly, s flight management sys-
tem (FMS), combines the excellent features of both the IRS
and the GPS systems to provide position and inertial refer-
ence information which permits excellent fight
manggement, flight control and pavigation.

An example of & hybrid IRS/GPS system is Haneywell
Inc.’s “Global Positioning Incriial Reference Unit (GPIRU)
identified as an HG 1050 AGO1 which is referred to a5 a
“hybrid” system since it provides pusition and inertial
information which are a resultant combination of GPS and
inerlia] reference system information. The GPIRU includes
un inential reference unit with gyros and accelerameters to
provide information about aircraft attitude and rate of
change of position as well as providing a first souree of
position informatian, The GPTRU also receives inputs from
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a Global Position Systemn Receiver to provide a second and
independent source of information about the aircrafi posi-
tion. The two sets of information are mathematically com-
bined in a Flight Management System (FMS) lo delermine
a hiybrid position POS_HYB. In lum, this position value
aloog with atlitude and rate sigouls from the Inertial Refer-
snce Unit may be provided in a flight control for contralling
aireraft.

A problem, however, with flight management systems
employing GPS and IRS is the questionable integrity of the
GPS estimated positicn information during those times in
which RAIM inlegrity limit values are no longer available,
Le. insuficient satellite information to provide useful integ-
rity position error bound values.

BRIEF DESCRIFTION F THE INVENTION

The present invention uses the FMS o caloulale a poisi-
tion etror at anytime, t, after the loss of integrity a! time, T, ,
by wilizing the GPS values for position and velocity at time
T, just before loss of iuegrity and by ulilizing the IRS
position modilfied by the known emror in IRS position as it
vaties with time and the position error &5 calculated by the
GFS velocity extrapolated over the time (1-T, ).

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a combined inertial reference system and a
salellite positioning system known in the prior art,

FIG. 2 is a combined ineriial reference sysiem and saiel-
lite positioning system in sccordance with the present inven-
tica.

FI3, 3 is a block diagram illusteating a second order filter.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Ilustrated i FIG. 1 is a simplificd black diagram of a
mobile wnit, a bybrid IRS/GPS estimator commonly
employed on aircratt. A position estimator 110, for example,
as part of a flight management system as descrbed carlier,
receives as inputs (i) GPS output information identified as
DNATA_GPS, further identified by numeral 122, from a
salellile pasitioning system receiver 120, and (ii) so incrtial
reference output information indicated by DATA_ IRS, fur-
ther identified by numeral 132 from inertial refercnce system
130. Position estimator 110 processes DATA_IRS and
IIATA_ GPS to derive (£) a bybrid position estimate iden-
tified a5 POS__ITYR, and position error estimates identified
as POS_X CRR and POS_Y_ _ERR, This information,
which will be described in detail below, is provided on
output signal lines 112, 114, and 116 respectively,

As is well-understood in the art, satcllite positioning
system receiver 120 includes a satellite signal receiver
portion 124 for receiving satellite information signals from
a plurality of satellite vehicles, for example, SV1 and 52,
which form, in pan, a constellation of satellite vehicles. One
example, aleeady indicated, is the NAVSTAR GPS constel-
lalion of satellites. In tum, the satellite information signals
are operated on by GPS position/solution informution pro-
cessor 126 for providing a GPS solution information iden-
tifled as DATA__GPS on signal line 122. This information is
provided as an input lo position estimator 110, to 2 GPS
integrity validation menns 170 and to 2 GPS RAIM proces-
sor 150 on common signal line 122,

Incrtial reference system 130 includes a plurality of
inertial sensors indicated by block 131 as inpuls fo an IRS
position/inertial information processor 134 for providing
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IRS denved position and inertial information on sipnal line
132, designated DATA _IRS. This information is provided
85 4n input to posilion estimator 110,

Position estimator 110, which forms in part a Hight
managemenl system known in the ant, utilizes the GPS
solution information, DATA_ GPS, a5 a continuous refer-
enee for cnhancing the sccuracy of the IRS position/inertial
mformation DATA__IRS, particularly for minimizing result-
ant bias terms which are inherent in the inertial sensors 131,
Position estimator 110 may also include ap input for receiv-
ing radio position informativn indicated by numeral 118, e.g.
VOR signal information designaed as DATA_RADIO.

Posilion estimator 110 provides as an output on signal line
112 an estimated position identified 25 POS_HYB. The
output POS_HYB of position estimator 110 is provided as
an input to flight contral block 160, useful far deriving
afrcraft flighl control signals to achieve a desired aireraft
position. For example, flight control 168 may be employsd
for en-route navigalion, terminal approach, and landing of
an aircrafl.

Before proceeding, il should be noted, as commonly
onderstood in the art, that position estimator 110 employs
fillering techniques, such as second order Olers or Kulman
filters for deriving the aforesaid cutput information, The
position error estimates POS_X__ERR and POS_ Y _ERR
represent the fatitude and longitude crrors which are related
to the differences between the GPS derived position identi-
ficd as POS_GPS and the inertial reference system derived
position identitied as POS_TRS associated with DATA_
GPS and DATA__[RS, respectively.

Further, it should be noted thal assaciated with outputs
DATA_ GPS, DATA_IRS, POS_HYB, POS_X_LRR,
and POS_Y__ERR are discrete lime values. Accordingly,
system timing {not shown) and/or interpolation or extrapo-
lation funcrions are, of cowrse required, so that position
estimalor 110 combines the GPS and IRS information for
substantiaily the same time values. In the [ollowing
exposition, synchronization of time values should he
assumed and that each value has a dizerele lime associated
therewith,

As is well-understood in the ast, the GPS position solution
information must be validated by a GGP% system integrily
monitor. GPS RAIM processor 150 is intended to operate on
the GPS solution information DATA _GPS for determining,
at least horizontal integrity limit values HIL, and may also
provide vertical inlegrity limit values VIL. In wm, thess
integrity limit values are compared in RAIM Integrity Limit
Comparator 155 with selected integrity alarm limit values
dependent upon the phase of the Aight mission. In tuen, if
HIL/VIL is acceptable, the pilot will allow control of the
aircraft based upon the outputs of position estimator 110, On
the nther hand, if HIL/VIL exceeds the integrity alarm limit
values, the pilot must be alerted so that corrective action
may be taken.

A seeond sconario ig, of course, the case where RAIM is
unavailable, Le., nsuffeient number of tracked satelliies. In
this scenario, the constellation of satelliles as observed by
the GPS receiver 120 may be such that it is impossible for
GPS BAIM processor 180 to arrive at a solution for obtain-
ing HIL and/or VIL integrity limit values—these being
resultant large vatues for HIL/VIL. Aceording]y, GPS integ-
rity validation means 170 is employed to provide an indi-
calion as to whether or not there exists RAIM integrity
momitoring availability, i.c., sufficient satellite information
signals to be able ta caleulate the integrity limit values, HIL
and/or VIL. As illustrated in FIG. 1, GPS integrity validation
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means 178 receives as its inpwt the GPS receiver outpul on
2iptal line 122 for making swch determination, ie. RAIM
integrity menitoring available ot aot available, and provid-
ing such indication as signal “V" on signal line 172.

As is well understood in the art, GPS integrily validalion
means 170 represents a simple analysis of the number of
satellile information signals tracked by the GPS signal
receiver 120 which meet predetermined criteria, e.g., eleva-
tion angle. As deseribed carlier, RAIM availability is con-
ditioned upon having st least five satellites tracked for
receiving satellite information therefrom. Secondly, GPS
RAIM processor 180 is generally operable not to utilize
satetlite information from those salellites which are less than
a gelected elevation angle. In this sitation, even though a
proper mumber of satellites have been tracked, the informe-
tion mey not be relisble duc to the elevation angle of the
satellite relative to the user’s position. In either case, the
function of GPS integrity validation means 170 is to provide
an indication of the “non-availability” of RAIM integrity
limit values, and is provided as an inpul o a pilot alert
mechanisms indicated by block 180.

It shauld be noted that blocks 150, 155, und 170 arc
shown as disarste functional blocks, for explanation pur-
poses. However, it should be understoad that they may be
ineorporated together, and may also be part of the GPS
receiver, itself, as should be appreciated by those skilled in
the art.

Reliance upon the system as described in FIG. 1 by a pilot
is extremely dependent upon RAIM availability. In other
words, the user position estitnate POS__HYB is ooly useful
during those times in which RAIM integrity limit values are
available. Loss of RAIM will have adverse consequences,
for example, requiring the pilot to aborl a terminal approach
or landing,

For example, consider the situation in which RAIM is
available and ap aircraft has alresdy begun the terminal
phasc of the flight mission prior to landing, Assume now that
during thiz phase of the Aight mission that the constellation
of satellites changes to a condition in which RAIM integrity
manitoring is no lopger available. In this s¢enario, the pilot
1% alerted via a waming display mechanization 180 or inputs
1o the flight control system 160 such s to causg the pilot to
disengage the flight conteol system which responds prima-
rily to the aircraft position POS__HYB since GFS data may
1o longer be relisble, In this scenario, depending upon the
weather conditions, namely, cloud cover and the like, the
pilot must determine whether to manually fly the aircraft, or
abort the phase of the flight mission in which RAIM
integrity monitoring was lost, ie., nol available. In the latter
cuse, the pilot may take appropriate aclions to require some
delay time at which the constellation of satellites would be
in proper position to provide RAIM integrity monitoring
availability.

It should be aoted, one lechnique for avoiding the sbove
scenario, is predictive RAIM. Predictive RAIM attempls to
known in advance that RAIM integrity monitorng is avail-
able before entering a particular phase of the flight and
would be availuble throughout the eotirely of the phasc of
the fight mission. This is particularly important in the
approach and landing phases of the flight mission. If pre-
dictive RAIM indicalcs “non-availability”, the pilot may
lake certain actions, ¢.2., decrease the afrcraft velocity such
that landing takes place at a later time when RAIM is once
again available.

MMuatrated in F1G. 2 is one embodimen of the present
invention for providing an altsrnate GPS integrity limit
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process during those time periods in which the usual RAIM
integrity menitoring is nol available, In FIG. 2, similar
functioning blocks as those illustrated in FIG. 1 bave
tetuined ibe same oumeral designation, and therelome will
not be further deseribed, F1G. 2, in addition to those com-
panents 45 shown in FIG. 1, further imcludes velocity/
sceeleration error estimator 210, medified TRS position
estimator 220, position ditference caleulator 230, altemate
inlegrity limit comparator 244, and pasition selector 300,

Before proceeding, it should be understood that GPS
position/inertial infurmalivn processors may provide
position/inertial information in a variety of coordinate ref-
crence frames. Commonly, GPS information provides posi-
tion information in an carth-centered, eanh-fxed, coordinate
reference frame. In turn, this information may be trapslated
inte latitude and longitude values, The inertial GPS solution
information may include velocity information in lemms of
uorth direction and ast direction, 2 is commoaly found in
the art. These values, of course, are mere translations and/or
transformations of the earth-centersd, earth-fixed, position
information, Accordingly, as depicted in FIG, 2 and the
explanation which follows, north and cast directions are
represented by X and Y, respeciively, which also relates to
latitude and longitude, respectively, Further, in the following
sxposition, the term “POS" mpresenls position, and the lerm
“VEL” tepresents velocity,

Referring again o FIG, 2, velocityfacccleration error
cstimator 210 receives as inputs (i) GPS derived velocity
informatien in the X and Y direction, and (i) IRS velocity
information i the X and Y directivn derived from the
inertial sensors, are provided as inputs. These terms may be
tepresenled by:

VEL _X_GPS GPS derived velogity, X ditcction
VEL Y GP3 GPS derived velogity, Y direction
VEL_X_IRS RS derived velocky, X direction
VRI_Y_GPS [R5 derived velocity, Y direction

where the IRS and GPS designate refers to data derived from
the inertial reference system 130 and the GPS receiver 120
respoctively. As hefare, thess terms bave substantially jden-
tical corresponding real time values associated therewith,

Velovity/acceleration emor estimator 210 provides as an
oulput information designated as “DATA_ERROR"™ which
represents discrete acceleration and velocily ermor, or bias
terms in the IRS positivn/inectial information. Such terms
winy be mpreseoted by VEL _X_ERR, VEL Y ERR,
ACC_X_ERR, and ACC Y_ERR, X and Y velocity and
acceleration crroes, respectively. Modified IRS position esti-
mator 220 receives as inputs DATA__ERROR, the inertial
teference system 130 position information represented by
POS_IRS, the position erors POS_X_ERRE and POS_
Y ..ERR, and validation signal on signal lines 332, 134, 114,
116, zod 172, respoctively,

Modified IRS posilion estimator 220 is intended to pra-
vide an output an signal line 222 represemative of a madi-
fied IRS position estirate designated as POS. IRS LOSS
which represeots an estimate of the rea] position of the user
during the time period in which GPS RAIM integrity
moniloring was not available (is., RAIM “LOSE™) foliow-
ing a time period when RAIM inlegrity monitoring was
available, Modified IRS position estimatar 220 is intended
to gperate on the aforesaid input information for determining
4 pusition estimate which may be mathematically describad
as follows:
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POY IRS_LOSS() = [PUS_IRS(] =

[POS.. EK{to] + [ VEL_ERR{t0)|lt ~ Ty | + |- S][ACC_ERR(0))]ir = r, 1

These terms, of course, having their coordinate
camponents, i.e. X and Y, The above expression is simply o
statement that the modified IRS estimated position POS_
IRS_LOSS at time “t™ is the measured IRS position POS_
IRS{1) corrected by the velocily and sceeleration ercor terms
provided by Velocity/Acceleration error estimator 300 and
the pasition error estimates provided as an oulput of position
estimatar 110—the latter being provided by a filtered emar
estimator described carlier.

In component torms, then

D Re = 1P — 58 + (P - ALY + COS(LATY)

Ay =
R = POS_X_GFS
A = POS Y _GFS
B
A

laritude, longilude, position caordinates
where

= POS_¥_IRS
= FOS_Y_IKY
Fr+ B
2
Eauth Radiusat LATAV

ATV =

RE =

Again referring 1o FIG. 2, the modified IRS position
estimate identified 35 POS_IRS_LOSS provided on ouiput
gighal line 222 is presented to position difference calculator
230, Position difference calculator 238 receives a5 a sccond
input the GPS derived position identified 35 POS_GPS
provided on cutput signul line 129 from GPS receiver 120.
Position ditference calenlator 230 is imended to derive the
difference in position D hetwren the GES derived position
and the modified IRS position estimate, as mathernatically
described by:

D=Rexy (P -y (P} = P+ COS(EATY)

= latitude, longitude, positivn coondinates

= PoS_X_CFPY
POS_Y_PS

= PIAS_Y_fRY

= POS_Y_IRS

Pi+Fy

7

Earth Radius at LATAV

where

i e e R S
]

ATV =

[t should be noted that the position difference “D™ repre-
sents the miagnitude of a vector between (a) the position
eoordinates derived from the GPS solution pravided by GI'S
receiver 120, and (b) the position coordinates derived by the
IRS position/inertial information processor LM as modified
by the velocity/acceleration erors DIATA__ERROR pro-
vided as an oulput of madified IRS position esrimatar 220,
namely FOS_IRS_TOSS. The value “I" represents an
“alternate integrity limit" value since it relates to the errors
in the IRS gystem 130 af the time RAIM integrity moniloring
was lost. The value D is provided as an output on signal line
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232, and presented as an input to alteraate integrity limit
comparator 240.

Alternate integrity limit comparator 240 receives as inpuls
the alternale inlegrity limit value D, and integrity alsrm limil
reference values identified as reference.] and reference-11,
depenclent wpon the phase of the flight mission. Alternate
integrity limit comparator 240 is intended to compare the
deviation between the allernate integrity vatue D and a
predetermined flight phase integrity alarm limit vale {i.c.,
the alarm Limil reference values), The aforesaid integrty
alarm limit value is of course dependent upon the phase of
the fight mission (for example, terminal phase, approach
phase, or linal approach (landing) phase). Allernate inlegrity
limit comparator 240 provides an indication af the alternale
integrity comparison designated AIL on signal line 242, In
turn, cutput signal line 242 is presented as un input to
position selector 300, and flight coatral 160,

Position sclector 300 receives as inputs, the position
estimator 110 derived position POS_HYB on signal line
112, and the GPS derived position POS_GPS [mm GPS
receiver 120 oo oulpul signal line 129 Fyrther, posilion
selector 300 receives as an input, the output V provided by
GPS integrity validation means 170, and the owput AIL
from aliernate integrity limit comparator 240 on signal lines
172 and 242, Position selector 3040 provides a3 an output on
signal line 332 an ¢stimated position identified as POS _SEL
dependent wpon the culput of OPS integrity validation
means: 170, the alternate integrity limit comparator 240, and
the pusilion inpuis a5 atoresaid, This siymal is presented 1o
flight contrd 160

Operation of the embodiment of the invention depicted in
FIG. 2 will now be desceibed,

RAIM Available

Consider the siwwtion in which an alreralt is in 1he
terminal phase of the flight mission, and the constellation of
GI'S satellites is such the GPS receiver 120 is able to rack
five or more satellites which have an elevation angles greater
than some selected minimum. In these circumstances, GBS
RAIM processor 180 receiving the GPS position/solution
information, is able to calculate the horizontal intearity limit
value HIL. Secondly, GPS integrity validation means 170
ottpuls Vo indicaling that RAEM it available,

At the same time, position estimator 110 derives an
estimated siroraft position POS_EIYB s a function of the
GPS data, identificd az DATA_GPS and the IKS data,
ideatitied as DATA_IRS to calculate the estimated position
PGS HYB by a matter well-known in the art as already
deseribed with reference to FIG. 1. Upon receiving a RAIM
available signal indication on signal line 172, position
selector A00 sets the omput 332 such that POS_SEL=POS_
HYR. This estimated position, POS_SEL, is provided as an
output to flight comrol 160. Tn turn, flight control 160 will
utilize the catimated airerafi position POS_SEL if, 2ad oaly
if, the integrity limit vulue HIL is below a preselected value.
Accordingly, flight contral 160 includes pilot alarms,
navigation, and flight control processing functions as well-
known in the arl.

RAIM Changes to Mon-Availability

Now consider the situation when the GPS constellation is
such that RAIM integrity monitoring is no longer available
at time T;. In these circumstances, medifled IRS position
estimator 220 (i) acknowledges the [act thet RAIM is no
longer available, (i) stores the value of T,, (iii) stores the
velocily/acceleration error estimates presented by DATA
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ERROR coresponding to time Ty, and (iv) calculates the
madified [RS position POS_IRS_LOSS for time after T,
and until RAIM becomes available again,

In these circumstances, position selector 300 sqts POS_
SEL=PO5_IRS_LOS5, Concurrently, the difference D
between the modified IRS posilion estimate POS_IRS_
LOKS ditferentizl and the GP8 posilion solution GPS__POS
it caleulated by position difference caleuiator 230. Alletnate
integrity limit comparator 240 compares the output value D
with the flight phasc alarm limit ceferénce values corre-
sponding to the particular phaze of Bight. 1 D is greater than
the acceptable limit value reference, the output AIL of
alternate integrity limit compurator 240 provides a go/no go
indication, AIL, ax «n inpul lo flight control 160. 1o these
circumstances, the estimated position indicaled by POS_
SEL should cot be used for flight control, and that the pilot
needs to take corvective action ws being sppropriate.

RAIM Returns to Available

Upon the GPS satcllite constellation changing to a con-
dition at which RAIM is now available, position selector 300
will sct its cutput POS_ SEL o POS_HYB as before.

FIG. 3 illustrates one embodiment of a velocity/
acceleration error estimator 210 in the form of a second
order filter. The nomenclature shown in FIG, 3 is for the “X"
direction, and a similur implementation is required for the
“¥* direction. Thereshown is black 310 for forming the
ditference calculations between the GPS derived velocity
value and the IRS derived velocity value for the X direction
as identified by: VEL_X_ GPS, and VEL__X_ IRS, respec-
tively.

In turm, block 320 forms the difference between the output
of block 310 and the velocity ercor tecrn VEL_X_ ERR. The
filtler further includes integrator 330 and integrator 380,
value limiters 340 and 385, and gain blocks 360 and 365,

As (lustrated, the acceleration emor term “"ACC_X
ERR” is equal to the outpul of limiter biock 340 multiplied
by gain block 365, integrated by integrator 380, and subse-
quently being passed through limit block 385, The velocity
error term VEL_ X ERR being substantially equal to the
output of limit block 340 passing theough gain block 360 and
summed with the acceleration crror term ACC, X_ERR
betore being integrated by block 330, forming the velocity
erTar eTm,

The foregoing description of the present invention has
been described in terms of simplitied schematic block dia-
grams where cach one of the blocks generally employs
complex systems cmploying specific softwars for executing
complex mathematical functions for derving the intended
information. It should be recognized that these schematic
block diagrams particularly fllustrated io the Figures may be
configured by employment of many clectronic subsystems,
compulers and software/firmware implementations. The sig-
nal lines, showr in singular form, may represent one or more
data buses for providing the intended information as should
be appreciated by those skilled in the art. Further, a5 is
well-understood in the arl, 8 single electronic/software sub-
system may be employed for performing the appropriate
calculations for the generation of all of the described data,
cxecpt for the details of the GPS signal receiver for recoiving
the GPS satellite information signals, as well as the inertial
semsors themselves, All of these variations a5 just described
are intended to be within the true spirit and scope of the
present invention,

Although the preseqt invention has particular applicabil-
ity 1o flight control for aircraft or spacecraft, and the like, it
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is intended to be within the true spint and scope of the
present invention for applications beyond that of flight
control.

Laslly, slibough the velocity and acesleration emor esti-
mutor has been illustrated by employment of a simple
second order filter, other filters are within the scope of the
prescnt inveation, for example a six or nine state Kalman
filter to include the funciton of block 130.

By way of the Figures illustrated hersin, a technique has
been disclosed for estimating the velocily and acceleration
emmors of an inertial reference system by processing GPS
derived veloeity information and IRS derived velocily inloe-
malion in a sevond order [lier for » subsequent delermina-
tion of sn RS derived user position modified by the afore-
gaid veloaity and aceeleration errors. The emor eslimates are
frowen a1 a time when the GPS satcllite information signals
are sufficient to provide a RAIM integrity. However, when
the RAIM integrity information is not available, but the GBS
pasition solution had been deemed to have adequate accu-
racy prior 1o loss of RAIM availability, a real time 1185 uscr
position is modifed with (hese estimated velocity and awel-
eration errors (o provide a highly reliable user position in the
absence of RAIM integrity. In turn, 4n altemale integrity
Limit value is esiablished, that value being the magnitude of
difference between the current GBS position POS__GPS and
the modified IRS position estimate, POS__IRS  LOSS.

The IRS position POS RS madified by the velocily and
acceleration creor estimates IRS__POS  [OSS is based on
an assumed inertial refecence system error model. This

i . 3
model reflects accurately the fact, thatl in the short term, the

inertial reference system performance is governed hy the
velocity emors, In the absence of any calibration of these
errors, the lopgical practice is to assume their speeification
limils, For this reazon, the 99.9 percentile value assumed for
the position error growth fate can be as high as 12 nautical
miles per honr, This value, when used in IRS based alterpate
integrity computations, ceaches an afarm limit of 0.3 nautical
miles {typical for spproach phase of the mission) in 1.5
minutes, But, in accordance with the present invention, the
estimated velocity errors correct the IRS velocities, thereby
reducing the value of any residusl ervors. Further, the
accuracy of the allernate user position, POS_IRS_LOSS
mads using both velocity and acceleration error estimates, is
considerably enhanced, Tt is believed that the residual ercors
in the computations are al mosl of the order af 2 nautical
miles per hour on o 99.9 percentile hasis. Al his rate, ajarm
fimits of 0.3 pautical miles will be reached in six minules, 4
four-fold improvement over eurcent implementulions.

The embodiments of an mvention in which an exelusive
property or right is claimed are defined as follows:

L A combined inertial reference system and a satellite
positianing system for determining user position compris-
ing;

an inertial refersnce system employing inertial senzors for

providing IRS position and inertial reference
information, including RS welouily informalion,
derived from output information from said inertial
5ETISOIS;

asalellite posilioning system receiver for providing a GPS

pusition salution including a resultant GPS position
and resultant GPS velocity information derived form
satellite information from signals transmitted from a
plurality of satellites;

" validation means responsive to at least the aumber of said
plurality of satellites trapsmitting said satellite intor-
mation signals for indicating 2 non-availability lime

12

period when said number is below that which is

*rrequired to provide at ieast one integrily limil value

associated with the accuracy of said GPS solution, as

opposed 1o an intcgrity lime perit when said oumber

5 is sufficient to provide said at feast one integrity limil
value:

arror estimator means for delenmining veloeity and accel-
eration error estimates associated with said IRS inertial
information as & fupction of suid TRS velacity infor-
mation and said resultant GPS veloeity information;

coast position estimator means for determining a first
estimated position of the user’s position during said
non-availability time period as function of said velocity
and acceleration error estimates occurring at the begin-
ming of said non-availability time period, the elapsed
time accumulated sioce the beginning of said nan-
availability time period, and the RS position.

2. The combined inertial reference system and a satellite

positioning system of cleim 1 further comprising:
13/GPS position solution determining means for deter-
mining a second eslimated position of the user's posi-
tion &g a function of a t least said IRS position and
inertial information and said resultant GPS position apd
resultam GBS welocity information;

position selector means tor providing as an output thersot
said second estimated position for time dunng an
integrity Wime period, and said first cstimated position
for time during a nop-gvailability time period.

3. The combined ineriial reference system and a satellite
positioning system of claim 1 wherein said error estimator
means provides a second order filter having as it input the
difference between corresponding compoeocnts of said
resullant GPS velocity and said RS velocity.

4. The combined inertial reforence system and a satellite
positioning system of claim 3 wherein said error estimator
means includes (i) 2 second order filter baving as its input
the differsnce between narth dircction components of said
resultant GPS velocity and said TRS velooity, and as outputs
corresponding narth direction velocity and acceleration bias
values, aod (i) & second erder filter having as it Input the
difference between east direction components of said result-
ant GPS velocity and said IR3 velocity, and as outputs the
corresponding cast direction velocity and acceleration bias
values,

5, An apparatus for determining the position of a vehicle,
the apparatus comprising:

a global positioning system (GPS) communicating with a
plurality of satellites and providing 2 GPS position
signal;

an inertial reference system (IRS) providing an IRS
position signal;

a position estimator providing a hybeid position signal
based upon th eGP position signal and the TRS posi-
tion signal;

an IRS position estimator providing an estimated IRS
position signal based upon the IRS position signal, the
velocity of the vehicle, and the acceleration of the
vehicle; and

a position selecior providiog a vehicls position signal,
wherein the vehicle position signat corresponds to the
hybrid position signal when the GPS position signal is
reliable, and wherein the vehicle position signal corre-
sponds to the estimated IRS position signal when the
GPS posilion signal is upm:lisble,

6. The apparatus of claim 5 wherein the OPS position

signal is uoreliable when receiver autonomous iotegrity

10
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maodule (RAIM) informalion i% unavailable from the global
positioning sysiem,

7. The apparatus of claim § whersin the GPS position
signal is unreliuble when the global positioning system
communicates with fewer than five salellifes.

8. The apparatus of claim § further comprising a RAIM
availability module that reesives the GPS position signat and
provides a RAIM availability signal to the position sclector.

9. The apparatus of claim 5 further comprising a RAIM
availability module thal receives the GPS position sipaal and
provides & RAIM availability signal to the IRS position
estimalur,

10. The apparatus of claim 5 lurther comprising a
velocity/accelerntion emror estimator that receives a GPS
velocily hased upon the velocity of the vehbicle from the
global positioning system and provides 2 data error signal o
the TR3 position ¢stimator.,

11. The apparatus of claim § further comprising a
velocity/acceleration error estimatar that Ieceives an LIRS

velocity based upon the velocity of the vehicle from the z

inertial reference sysiem and provides a data error signal w
the IRS position eslimalor.

12. The zpparatus of claim 10 further comprising a
velocity/ueeuleration error ¢stimator that receives an TRS
velocity based upon the velocity of the vehicle from the
inertial reference system.

13. The apparatus of claim 11 wherein the velocity/
aceeleration error estimator comprises a second order filter,

14. The apparatus of claim 12 wherein the velocity/
acceleration error estimalor vomprises 3 second order filter.

13. A method of determining the position of a vshicle
baving a velocity and an acceleration, the methad compris-
ing the sieps oft

285

3

14

providing a GI’5 position sigaal from a global positioning

*aysiem;

providing an [RS position signal from an inertial naviga-

tion sysiem;

determining it the GPY position sigaal is reliable,

providing a hybrid posilion signal 1o a fight control when

the GFS position signal is reliable, the hybrid position
signal being based wpon the GPS position signal and
the IRS position signal; and

providing an estimated IRS posilion signal to a ilight

control when the GPS position signal is uneliable, the
estimated IRS position signal being based upon the
velocity of the vehicle, the sceslemtion of the vehicle
and the IRS position signal.

L6. The method of claim 15 wherein the velocily of the
vehiele and the acceleration of the vehicle are monilored by
the global positioning system.

17. The method of clairo 15 wherein the velocity of the
vehicle and Lhe scceleration of the vehicle are monitored by
the inertia] relerence system,

18. The metbod of claim 16 wherein the velocity of the
vehicle and the aceeleration of the vehicle ace monitored by
the inertial reference system,

19. The method of claim 15 furiher comprising the steps
af:

determiniog if the estimated IRS position signal is reli-

able; and

providing an indicalion o a pilot of the vehicle if the

estimated [RS position signal is not reliable.

LI S I
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INTERFACES FOR PLANNING VEHICLE
ROUTES

GOVERNMENT INTEREST
This invention was made with Government support under
Cooperative Agreement No. NCC-1-291 awarded by NASA

Langley Research Cenler. The Guvernmenl may have er-
tain rights in the invention.

TECHNICAL FIELD

The present inveation relates to vehicle pavigation, and
move particularly concerns the planning of airerafl routes,
including display and user interaction.

RACKGROUND

The aviation community has 8 goal of teducing the
fatal-accident rate by eighty percent within the next ten
yearm. At the same time, air traffic continues 1o increase, and
the nutiona] airspace system is undergoing major changes. In
partictilar, it is likely that aircratt pilots will be given more
regponaibility [or avoiding bszards themselves,

Weather is a factor in a third of sircrafl aceidents, The
National Aeronautivs and Space Administration (NASA) is
presently embarked upon a maulti-year cffort to provide
better weather information and to improve hazard
characterization, condition monitoring, data display, and
decision supporl. At the present time, coatrollers,
dispatchers, and air-traffic managers have access v 8 pum-
ber of weather-information products from privale veodors
and from governmenl services. Gruphic displays of weather
infurmation on large airlinecs arc limited to onboard weather
radars and information from paper weather briefings.
En-route updates are deliversd either 28 voice messages via
radio or #3 alphanumeric data-link printouts enboard the
aircrafi.

Flight planning is a complex task. A siralegic planning
amd replanning teol produces o fight plan 1hat describes the
wrack, speed, wnd aliilude that ap aircralt will Oy duripg
various phases af an entire flight. Because the underlying
models and assumptions made in a completely automaisd
system fmay be incomplete or fallible, somte have suggested
the broad concept of a cooperative planner that interacts
with & buman operator. Pilots and dispatchers alike have
stuled thal merely providing addilional hazurd informalion
would not adequately support &Mective decision-making for
rouling choices, A need theeefore remains for more advanced
facilities for genciating and modifving rowts plans for
awcraft, bath for increased safety and For better ease of use,

SUMMARY OF THE [INVENTION

The present invention offers systems and methods for
producing routes for aircratt and similar vehicles in response
to & number of factors, including weather hazards and other
in-Righl condiljons,

The invention offers systems and methods fur interactive
roule planning in the face of weather and other hazards. Tt
also furnishes data representations and models for factors
that influenes rowte plaoning, such as ardval time, fuel
efficiency, pussenger comfort, overflight fess, and conditions
at terminals, including traffic congestion and closure of
runways and other [acilities. Tt farther supplies an interface
for facilitating the display of in-flight condition dala and the
manipulation of the route. It can optionally be used with a
route optimizer for modifying computer-generated proposed
routes,

1%

it ]
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The itveotion achieves these and other objeclives by
displaying haZards of diffesont types in response to received
data and defining boundaries and/or other specifications
characterizing the hazards for purpeses of the fight plan.
Controls permit a user to medity the displayed data aad o
menipulate the route,

DRAWING

FI1G. 1 is a high-level block diagram of a syatem aceond-
ing to the inveation.

FIG. 2 is a schematic diagram showing data cepresenta-
tions wsed in the invention,

F1G. 3 is a high-leve] Bowchart showing the operation of
the system of FIG. 1.

TIG. 4 is a diagram of a computer display for the system
of FIG, 1.

FIG. § shows a properties box for the display of FIG. 4.
DETAILED DESCRIFTION

This description and the accompanying drawing ilustrate
specific embodiments In which the present invention can be
practiced, in enough detail to allow those skilled in the art
to understand and practice the invention. Other
embodimenis, mcluding logical, electrical, and mechanical
variations, are within the skill of the art. Other advantages
and features of the invention not cxplicitly described will
alsw appear to those in the art, The scope of the inveation is
o be deflined anly by the appended claims, and pot by Lhe
specific embodiments deseribed below,

FiG, 1 is a high-level block diagram of a system 100 for
manipulating flight-plan information scvording to the inven-
tion, Block 110 is a structure for dala representing a Right
plun or intended route, Block 120 contains data representing
one or more hazamls associated with the Right plan. Com-
puter program ence 130 implements an inteface for entering
data into and displaying the data from blocks 110 and 120.
Route source 140 can be an optimizer containing compuler
program code for antomatically genersling Hight plans to
mitrimize 2 cost funetion that includes fucl, tlight length,
and/or other factors in the presence of hazards or other
consteaints. US. pulenl applicstion Ser. Mo, 09/372,632,
“Hazard Detection for Flight Plans and the Tike," by
Stephen G, Pratt and Gary L. Hartmann, herehy incorpo-
raled by reference, deseribes an example of such an opt-
mizer. More generally, block 140 can be considered 1o he
any source of flight plans, including standardized plap
lemplales and plans enlered manually in interface 130 by a
user, Blocks 110-140 can form a part of a computer of any
convenient type, general-purpose or special-purpose, such
as the personal compuler showno at 150, having devices
151153 for entering and displaying data. Some or all of the
data may corme from an external souree such as a weather
servics, and 15 ioput o computer 150 via 2 communications
device 153, Code for iraplementing any of the functions of
compuler 150 may be represented on 2 mediom such as
signals from device 153 and/or stored on 2 medinm such as
a disk 154 extemnal or internal to computer 150

FIG. 2 it a schematic of a geographical area 200 illus-
trating data used in systern 100. Flight plan 210 is repre-
seoted as a sequencs of segments 211-213 between prese-
lected waypoints 214-217. The waypoints have hath
harizontal and vertical parameters; each is defined by a
latitude, a longitude, and an altitude. The Aight plan can be
created by an operations center, a dispatcher, or a pilot, or by
a computer program such as optimizer 140,
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‘Hazanl’ is 3 general term for any feature or condition to
be avoided by the flight plan. Many of the significant
hazards conoern weather, ¢.g., convection, uebulence, and
icing. Other atmospheric conditions include volcanic ash
and stratospheric ozone concentrations. Political designa-
tions such as military training areas and arcas baving over-
flight fees or resirictions can also be considersd to be
hazards, Any condition that can be represented to system
100 can in fact be 2 hazasd in the present context. Hazard
data can come from any mumber of sources, including
fixed-base and on-board weather radar, private and govern-
metlal operations, snd aviation charts, The presenl system
also permits a system operator o enter hazard data and types
directly via interface 130

Hazards are instantiated as polygons such az 220. Poly-
gous have compact representations in lerms of vertex points
or cdge lines. They can be easily transformed to represent
movement, and they can be generalized casily Lo three
dimensions, A hazard polygon is defined in terms of the
latitudes and longitudes of its vertices 221-225. The edges
are preat-circle connections botween adjacent paims of ver-
tices. The number of cdges is arbitracy. TF desired, hazards
can also be represented by polytopes (oot showa) in three
dimensions; the vertices then have altitude parameters as
well. Hazurd motion can be represented by o veclor 226 that
specifies the dircction and velodity of the polygon’s cen-
troid. Additional vectors such as 226" can be added in a
sequence 10 define 2 path over a cerlain tme interval, This
cmbodiment simplifies caleulations by requiring that ull
polygons be convex. However, more complicaled shupes
such a3 230 van be constructed from muliiple coovex
polygons 231,232, etc. Each weather rogion or polygon also
has an sssociated set of properly data that includes the
degree of its danger, such as severity, coverage, and forecast
prabability,

Because ilustrative system 100 i5 a stratesie planner that
operales over an entire flight plan, the grid size 201 for
representing features within area 200 varies with the length
of the flight. [n the inlerest of reducing calculations m a
reasonable number, this embodiment is not constructed to
thread its way through, say, cne-km diameter convective
cells un a caast-to-coast fiight of 5000 km. Improvements in
connputing speed might, however, eventuzlly allow the
avoidance of individual small harards, and even the inte-
gration of tactical aspects inw the same gysiem. The strate-
gic nature of the system &lso resulis in prioritizing hezards
that occur in the cruise phasc of a flight. For example,
although microbursts affect aircraft performance
significantly, their effects usually occur at lower allitudes, in
the take-off and landing phases, and they receive a lower
level of atigntion in this implementation.

Some hazards, espucially weather hazards, coms in viry-
ing inlensities, Ruther than adding (his complication to (he
process, this implementation considers ooly hazards that the
operator congiders dangerous, and permits the operator o set
thresholds for different hazards, so that only those above the
thresholds are displayed for consideration. This simplifies
the data display for the user, allows more concrete contrnl
wver an aptimizer such as 140 through direct manipulation
of the iuzarl boundaries, and permits clear visvalization ol
routing decisions made by an optimizer. Moreover, sharp
visible boundaries around hazards allow application of the
sarne standards to multiple fights, and permit a user such as

4 dispawcher to better understand the ¢ffects of a (buman or

cormputer) muting decision for one Hight oo the operation of
2 feet as 1 whole.

T1G. 3 shows the overall eyele 300 of system 100, FIG,
1. Block 310 acguires hazard data from an outside source
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such as those mentioned above. Block 320 acquires infor-
maticen from " iser who manipulates interface 130 to croate
and delete hazard zooes and types and to sst thresholds for
various types of hazard, Different fight eonditions can be
treated differemly. For example, a cargo Hight might elect to
fly through a turbulent arca that an airliner might wizsh to
evoid in the interest of passenger comfort. Also, a pilat
rmight decide to fly through an ares of scattered convective
activily and make small-scale latersl deviations to avoid
solated cells. On the other band, an area of dense activity
would be circumnavigated as a whaole. There are commen
terms that can be employed for thresholding, For instance,
‘igolated’ activity refers 1o single cells, ‘widely scattered’ to
activily occurring in 25% or less of an area, ‘scattered” 10 up
la 34%, and ‘numerons’ o 35% and more. Terms of prob-
ahilily are also in general use, such as ‘slight chunce' for
10-20% probability of precipitation, ‘chance’ for 30-50%,
and ‘oceasional’ for an activity that has ar least 50%
probability, but over less than half of the forecast perod,
These terms are not necessarily consistont among different
conditions; ¢.g., ‘occasional” twrbulence occurs less than 14
ol the time, while ‘inlsrmilient’ ocours up o 33, and “con-
linuvus' oveurs abgve thet smount, Some conditions are
govemned by airlioe palicy, such as resteicting passenger
flights to aliiludes below ozone concentrations above a toxic
level, Onher conditions, such as icing, are mandated for
avoidance above certain levels, In addition, different icing
restrictions spply to different aircraft; the present invention
allows a dispateher o set different restrictions such us iving
on an airerafi-hy-sircraft basis,

Block 330 generates the boundaries of hazard polygons
such as areas 220 and 230, FIG. 2, from the information
pravided by blocks 310 and 320. Again, resiricting the
boundaries to convex polygons (or polytopes) simplifics
calculations for the optimizer, but is not a reguirement for
the concept. Block 340 reccives data representing a route. As
neted above, routes can come from many different sourees:
an gptimizer such as 140, a stored library of plaps, or
directly from 8 user input through interface 130. Block 350
displays the hazard arcas and the computed Bight plan via
interface 130, Bluck 360 theo iterates the cyele if the user zo
desires, Block 370 outpuis information 110, FIG. 1, con-
cerning the flight plan.

FIG. 4 shows a wampuler display 400 for interface 134,
FIG. 1. Area 401 conlains lalem] schematic representations
of route data 110, hazard data 120 on a background of
geographical and other data wseful for context. Arca 402 is
a represeatation of the rowls and bazard data in a vertical
slice through the route. Ares 403 contains represcntations of
standard control icons for manipulating data representalions
in area 401, Display 400 integrates buman factors and
human-centered design strategies for case of opetation, The
design of this embodiment uses current conventions adopted
in the aircraft industey in order 1o maintain uniformity where
feasible, but is not limited to thuse conventions whers they
do not serve the fenctiopality of the present sysiem. The
overall display follows the “dark cockpit™ philasophy that
advocales subdued colors for normal operation, in onder to
reduce eyestrain and ingrease readability avross a range of
eavironmentsl conditions, Black is emplayed as a back-
ground color for the displayed clements, as is almost uni-
versal io aviation instrumentation, (FIG, 4 uses colors better
adapted to clanty of cxposition.)

Area 401 includes a map-like plan or laleral depiction of
the geographic area of the flight, in this example, from
Tokyo Narita (TKO) airport tp Minneapolis-St. Paul Lind-
bergh (MSP) aitport, Tor large geagraphic areas, the lateral
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depiction fellows a modified wonical projection, as
employed by World Aeronautical Charts (WAC),

A proposed flight-plan route 410 has segments between a
number of waypoints, shown respectively as heavy lines and
small filled circles in FIG, 4. The data display dees not
directly show the altitudes of the waypoints in (his view,
Symbol 411 shows the sircrafi position at the current time
index. Multiple routes (not shown) can be displayed
simullanequsly, if desired, by using characlenstics such as
stippling to differentiate them trom each other. A user cap
manipulate flight plan 410 by inserting mandatory or con-
strained waypoints, and by moving or deleting waypoinls.
Conventional clicking and dragging operations with a data-
entry device 151 such us a mouse can realize such functions.
The term “muouse™ should be taken broadly to include any
kind of cursor-positioning device, such as a trackball,
joystick, ste.,

Regions indicated collectively as 420 dizplay the various
types of hazards or other conditions to be avoided. The
boundaties of hazards are shown by irccgular lines. In the
actuel displuy, various types of hazards are shown in differ-
enl colors or bues thal wre shaded to indicale severity,
Specific colors and shades are selected to enhance visibility
in the specific covironment. For example, lighter shades
indicate higher severity levels in display 400 in order to
enhanee contrast with the choice of 2 dark background. Also,
hecause weather phenomena tend o ooour in the same
vicinity, hazard aress frequently cluster on the display. The
drawing order of hazard regions therefore follow an
assigned order of importance: volcanic activity highest, then
level-3 convective activily, level-3 ieing, level-4 wrhulence,
and level-2 ozone lowest. Color transparency (ie., alpha
axis) also facilitates the perception of multiple clements
such as weather and land that might oceur In the same
locativn. Also, a5 described below, the operalor can filler
variols phenomena to view only those of current intergs),
Display 400 includes all severity levels of the haxards,
althowgh some levels could be fllered out if desired, FIG, 4
depicts three illustrative kinds of hazard with different
patterns on their boundary lines 1o symbelize the different
colors; solid lines indicals convective weather, as at
421-423; dashed lines 424-426 arc icing; and dot-desh lines
427429 are turbulenee, The boxed numerals associated
with wach region indicate (be severity and/or probability of
the hazard. A visual effect such as varyibg wmcunts of
stippling could be used as at 427 to indicate greater or lesser
arcas of coverape of a hazard within the defined boundary.

Polygons or other boundaries 430 enclose hazard regions
420. An vperalor draws individual polypons 431-439 by
selecting and dragging points with a mouse or other input

device. Hazard polygons can also be drawn by operators

other than the vne constructing the fight plan, and can be
automatically genereted by a source that provides bazard
information to systems 100. Such hazards can also include
properties in files that produce properlies boxes, Some or all
of this information van be included os defuull or nominal
values.

A dircetion and/or rate of ravel can be {mparted to the
polygon by selecting the center of the pulygon and dragging
u veclor. A path of multiple successive veclons cun elso be
entered. A single polygon can enclose mulliple weather
regions; polygon 432, for example encapsulates a squall line
having multiple cellz that are considersd 5o closely spaced
43 1o prohibit penctration of the cotire region. Hazards pther
than those built into the system can be defined and entered
a5 a “custom” Lype.

The operator can open a properties box for a polygon by
double-clicking the palygon. FIG. 5 shaws an example 500
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of such a propenties box. The operator can enter information
associated willi the bazard, including a name, a severity
level, a description, times during which the bazand 35 valid,
vertical dimensions, and notes. For moving hazards, the
properties can include:

An initial time valug, at which the drawn vertices repre-
senl the position of the barard, Typically this time value
15 in the futore, and the vertex points incorporate
weather-model or other forecast information.

The position of 2 point that represents the cenler ol molion
of the hazard polygon.

The heading and spesd of the palygon's motion at the
cenier position. The motion necurs slong a great circle
rather than along a thumb line, so the direction changes
over large distances,

Because hazard polygons move along great-circle paths, the
display program Iransforms its coosdinates fram earth frame
ite a reference frame that coincides with the great circle,
ratates it at an angle corresponding to the distance traveled
at its specified speed, then transtorms the coundinaies hack
to the original earth frame For presentation in area 401. This
embodiment employs 2 constant shape for moving hazard
polygons, However it is possible to define muitiple shapes
for different times if desiced. Il is also possible to vary
couzse, speed, and other properties over time if the added
complexity is worthwhile,

Area 401 can also show geographic, topographical,
political, and otber features, Partial lines 441 and 442, for
example, indicate coastlines for landmasses rendered in
subdued transparsnot colors.

Arca 401 can also include some data and control icons
430, Legend 451 shows the date and time of the flighi.
Mavic-player control 452 of & conventional type indicates
the current time index for dopicting the positions of hazard
shupes 420 wnd 430, aod of aircrafl symbol 411, The
associated slider varies the time index under operator
control, and the flight plan can be played through time with
the conventional recorder-lype buttons, thus apimating the
movisg hazards and airerafi symbol. The buttons select
cantinuous play, pause, beginning, and end. Conrol 453
shows and modities the altitude of the horizoatal slice of
airspace being shown in area 441; full slider displacemeant
shows all altitudes.

Floaling window 454 contains contrals and color/shading
conventions for the various types of hazards, The text labels
name the hazard types, and include an operator-defined
‘custom’ type. The bars represent the hue used to designate
each type of hazard in regions 420 and polygons 430, and the
shadings used to indicate different severity levels of cach
hazard. (For clarity, color designations have been omitted
tratm the regions and polygons in FIG. 4.) The check-hoxes
in window 454 permit an operator to select whether hazards
of the corresponding type are 1o be displayed or nat.

Area 42 is a vertical depiction of the route, taken through
u slice along the segments of Aight plan 414, and includes
the waypoinis and aircraft position indicator 411 The
vertical scale is cxaggerated greatly aver the horizontal
scale. Light honxontal lines 460 denote altitude increments
above mean sea level, rarked in flight levels (i.c., hundreds
of feet), The level of dashed line 461 is ¢t by the altitude
slider of conteol 453, The vertical projections of hazard arcas
421', 425, and 428" and their polygons 431, 438", and 43§
that intersect route 410" are shown in area 402.

Arca 403 containz data values and control structures that
affect the flight plan, General informatiom identifying the
flight and & route iteration number are contained in peneral-
information cluster 470, The operatar can select a fight, and
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select among several altemative routes with devp-lown
comhbination boxes. This subarea also includes information
concerning the origin, destination and waypoints. A scroll-
box containg information relating to waypoints, such as their
names (“wptd,” etc.), bearings, estimated times cn route, and
remaining fuel. The user can coter required times of artival
(RTA), allitudes, sndd other constraints here as well. Thoesh-
old cluster 480 includes sliders for permitting an operator to
set threshold severity values for a number of differedr types
of hazard, such a5 convective weather (“Con"), icing (“Tue"),
ozone concentrations (M Ozn”), turbulence (“Tib"™), volcanic
ash (“Ash") and custom zooe (“Cz"). Recommended maxi-
mum values appear in boxes above their respective sliders.
A user drags the shiders o set (hreshold values thal (he user
wishes the flight plan to avoid, These values can be com-
municated to optimizer 140,

Subarca 490 contains information regarding one of the
hazard regions 421-429, in response to a single mouse click
over ils enrresponding polygon 431-439. FIG. 4 shows the
information for region 426, named “leing Bravo™ in the top
entey of subarea 490, Other entriss show o severily level and
an estimated time of intercept with the Aight path, the
location of the center of the hazard polygon, the range of
geverity levels found within the hazard region, a time block
duting which the hazard exists, and the severily trend of the
hazard. Users can enter lime-stamped notes at the bottom of
the subarea. Some of the other eniries can also be edited by
direet entry of data, slthouph some are prohibiled and others
are constrained to certain data values. In the latter case,
clicking and holding on the text ficld of an entry elicits a
drop-down menu of possible values for that enwy. Clicking
and halding on the “Hazard” entry produces a drop-down of
thc names of all the displaved hazards, plus a “New Havard"
choice for adding a hazard to the display. Selecting any of
the chaoices in the “Hazurd” drop-down list also genersles a
propertios box 500 [or that hagard in area 401,

CONCLUSION

The invention presents systems and methods for display-
ing and manipulating reutes for aircraft and other objects in
the presence of hazards. Muny variations and generaliza-
tions within the scope of the invention will ocour to thoss
skilled in the art, [n particular, the term “flight plan™ must be
taken broadly 1o include routes for ather vehicles, and
similar plans for maneuvering in the preseoce of hazards,
Likewise, hazards arc broadly defined as conditions that
might aifect the plan of the route. Hazards can, for example
include political and other zones in addition o weather and
similar phenomena, This term can include regioos that might
be more desirable than surrounding regions (ie., have a
negative cosl), rather lhan only reginns that should be
avoided entirely, Some hazards can be other than regions
having a geopraphic extent or physical boundaries; for
example, some intermediate stops might impose landing
fees that increase the averall coat of a flight. Hazard bound-
aries or other designations can be indicated other than by
polygons or olher linear structures. Multiple nested poly-
gons could represent different costs assaciated with different
levels of a hazard region. The division of the described
sysiems and methods into blocks in the above description
does nol imply that other divisions arc pot possible or
desirable. Indications that some components or steps ate
convenient or preferred does not imply (lut others might not
e desirable or within the scope of the claims. The sequence
of blacks in the deseription and of recitations in the claims
docs not imply any particular time order.

We claim as our invention:

8

L. A method carried out by a programmed computer for
planning rouisd by a wser in the presence of hazards,
comprisiogg

receiving data representing a proposed route for a vehicle;

5 receiving data representing hagzards associated with the

route, the hazards having a plurality of different 1ypes;

displeying geographic representations of the route data

and the bazard daia together in the same presentation,

the different types of hazards being represented differ-
ently from each other; and

inputting specifications lrom the user for modifying the

displayed represenlations of specified portions of the

hazard data,
2. The method of claim 1 where the routs is a flight plan
[or an aircrall.
3, The method of claim 2 where the flight plan includes a
plurality of waypoints,
4, 'The methed of claim 1 where the specifications include
boundaries of areas represenling al least one of the pazards,
o % The method of claim 4 whers the boundaries are
palygons,
&, The methed of claim 1 where the specifications include
data relating to motion of at least voe of the hazards,
7. The method of claim 6 where the data reluling (o
malian comprises direction and speed of the one hazurd.
8. The method of claim & further comprising varying the
lime at which the hazards ace depicted in the display.
9, The method of claim 1 where hazard types inclede
wealher hazards,
0. The method of claim 9 where the displayed hazard
data represents different hazard intensities ditferently.
11, The method of claim 1 where the geographic repre-
senistions are displayed in a luterad depiction.
12. The method of claim 1 where the geographic repre-
sentations are displayed in a vertical depiction.
13. The method of claim 1 where inputting the specifi-
cations from the user compriscs roceiving inputs from a set
of controls operable by the user.
14. The methed of claim 13 where the controls include &
control for varying the time at which the hazards are
depicted in the display.
LS. The method of claim 13 where the controls include at
least cne coatrol W establish a threshaold for an intensity of
a hazand to be avoided by the roule,
16. I'he methed of claim 1 further comprising producing
1he received route daly by pptimizing a cost function for the
oute,
17. A medium containing peogram instructians for caus-
ng a suitably programmed digital compuler to carry out a
method for planning routes in the presence of hazards, the
method comprising:
receiving dats represcaling @ proposed route for a vehicle,
receiving data representing hazards associaled with the
route, the hazards having a plurality of different types;

displaying peographic representalions of the route daia
and the hazard data together in the same preseniation,
the different types of hazards being represented differ-
enily from ¢ach other; and

inpuiting specifications from the user for modifying the

displayed representations of specified portions of the

bazard data.

1B. The medium of claim 17 where the medium comprises
q storage mediuem,

19. The medium of claim 17 where the medium comprises
sigrals.

20. A computer-implemented system for planning routes
in the presence of hazards, comptising:
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dala representing a route for 1 vehicle;

data representing haeards with respect o the roule, the
hazards having a plerality of different types; and

an interface including
a geographic display of the hazard data and the route
data together in the same presentation the different
types of hazards being represented differently from
each other, and
vontrals for manipulating the roule data and the hazard
data, and for inpulling specifications for modilying
the displayed representations, of data asspciated with
at least some of the hazards,
21. The system of claim 20 where the vehicle is an
ajrerafi,

22. The syslem of claim 20 whers the specifications -

ine¢lude boundaries of areas representing at least one of the
hazards,

23. The system of claim 22 where the boundaries are
polygons.

24. The system of claim 20 where the specifications
include data rclating to motion over time of at least one of
the hazards.

28, The system of cluim 24 where the dala relating Lo
motion comprises dircciion and speed of the one hazanl over
time.

26, The system of claim 20 where the route data includes
data for a plurality of alternative routes.

27, The systemn of claim 20 where the route dala includes
a plurality of waypoinis.

28, The syslem of cluim 20 where hayurd types include
weather bazards.

29, The gystem of cluim 28 where the displayed hazard
data represents different haxard intensivies differently.

30, The system of claim 20 where the geopraphic repre-
sentations are displayed in a lateral depiction.

31. The system of claim 20 where the geographic ropre-
senlalions are displayed in a vertical depiction,

32. The system of claim 20 where inputiing ihe specifi-
catinns from the user comprises receiving inputs from a set
of controls operable by the user,

33, The system of claim 32 where the controls include a
control for varying the time at which the hazards are
depicied in the display.

M, The system of cluim 32 where Lhe controls inctude at
least one control to gstablish a threshold for an inlensity of
a harard to be evoided by the route,

35. The system of cleim 20 further comprising an opti-
mizer for producing the received roule dala.

36, Apparatus for manipulating a flight plan by = user,
comprising:

means for receiving data representing an airoraft roals;

means for receiving data representing hazards with
respect to the route;

§
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means far a user o input specifications of area boundaries

to be associated with the hazards; and

means for presenting geographic representations of the

route data, the hazard dats, and the boundaries.

¥7. The apparatus of claim 36 where the apparatus com-
prises a programmed computer.

34, The apparatus of claim 36 where the presenting means
ingludez a visual display.

39. The appuralus of claim 36 where the input means
inchides a cursor-positioning device,

40, The apparatus of claim 36 where the hazard receiving
means ineludes a communications davice.

41. The apparatus of clum 36 further comprising an
optimizing means for minimizing the cost of the ronte
response 1o the speoifications input by the user.

42, A vomputer-implemented syslem for plunning routes
{410), iz which data (110} associated with 4 oute and data
{120) associated with hazards are represented oo an interface
(130),

characterized in that the interface displays the route data

and the hazard data topether geographically (401, 462)
and includes controls (450, 480) for manipulating the
displayed route (410) 2nd hagards (420).

43. A system according to claim 42, characterised in that
the user controls include boundaries (430) of areas repre-
senting ak lsast one of the hazards.

44 A systern according to claim 43, characterized in that
the boundaries are palygons,

45, A system according to claim 43, characterised in that
the user controls include motion parameters (2246) of at least
one of the hazards,

44. A system according fo claim 42, characterised in that
different types of weather hazards are displayed differently.

47. A system according to claim 42, characterised in that
different inteosities of the same weather hazards are dis-
played differently.

48. A system according o claim 42, characterized in that
the user can sel a aumber of thresholds for different types of
the weather hazards.

49 A gystem according to claim 42, characterized in that
the geogeaphic display is a lateral deplction (401).

50. A system according to claim 42, characienzed in that
the gengraphic display is a vertical depiction (402).

51. A system according to claim 42, characterized in that
the hazard dala i5 displayed lemporally as wel] as geographi-
cally.

52. A syslem according to claim 42, characterized in that
the route data is optimized while avoiding at least certain of
the hazards.

53, A system according to glaim 52, characterized in that
the route data has a minicnum cost function with respect to
certain factors.
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METHOD AND APPARATUS FOR
DISPLAYING REAL TIME NAYIGATIONAL
INFORMATION

FIELD OF THE INVENTION

The present invention relates {o the field of navigational
instrumentation for a vehicle,

BACKGROUND OF THE INVENTION

In the prior s, operaters of various navigable vehicles
(such as aircraft pilots, for example) relied beavily on
printed maps and single unit instrumentation to determine a
vehicle's coordinate location relative to some refercnce
paint. Ome problem with printed maps, however, is that
printed maps da pol provide an accurate epresentation of
coordinate location on the earth due fo the curvature of the
earth. Thus, an aimplane pilot who relied on pdated maps ta
determine location knew ar should have known that any
location determined from the printed maps was only an
appraximation and oot an accurate represcntation of the
vehicle's coordinate location, At one time the maps in use
were generally belier than the svailable navigation acouracy,
but, printed charts required 2 concentrated effort to use.

As technology advanced, so did the tools by which the
pilots determined their location. One technology, for
exarmple, is the very high omnirsnge (VOR) system, which
incledes 8 collection of navigation beacons or lights posi-
tivned on the ground which would allow pilots to pesition
themsslves relative 10 each beacon. Other tools, such as
global positioning satellite systems, became available to also
assist pilots in pavigation, and were integrated into the
instrumentation of the vehicle’s navigational system. Addi-
tiopal toals inchude enhanced ground proXimily warning
systems (EGPWS), which is a radar-based tool combined
wiitl a databuse of terrain that keeps wack of the location uf
an airplune and the grovnd werrain felative (0 each uther, and
further, provides an audible warning of when the airplane is
cloge 1o the ground and thus, close to impact. The EGPWS
would also briefly display an obstacle threat (such as a
Upcoming mouniain] a5 & thical waming, but in some cases,
it did not provide sufficicnt timc to allow the vehicle's
vperalor to guide (he vehicle in g safer direction,

Another ton]l which has been implemented in some air-
planes is known as the flight management system (FMS),
which included a textval display unit which displayed Lim-
ited information corresponding to navigational parameters
of concern by the wehicle’s operator (such as airport
lucation, navigation aids und navigation ajds). The FMS was
delicient because it was nol desigoed lo displey other
information which may be important to the safety of the
vehicle's ocoupants and operation of the vebicle, such as
weather data including areas of known wind shear, iciog,
wind speed, wind dircction and like data, Further, the FM3
sysiem is manually intensive aod slow, equiring the vehi-
cle's operator (o iopul commands into a0 on-board
keybuard, having & processor exccute the commands and
then slowly rafreshing the FMS display screen.

Until the prezent invention, the prior art was void of a
method or apparatus for displaying eal time navigational
information oo a single, display uait within a vehicle having
a navigational system, the information penerated from a
pumber of information sources stored in at least one data-
base (including informalion relating o envirenmental ter-
rain data, obstacle data, adjacent vehicle data, special use
airspace data, political boundaries, state boundary lines,
geographic featurcs, navigation aids, airport information

s
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data, airway and intersection clata, weather data, culmral
data, man-madé nbject data, air traffic date, wind data and
flight plan data). One reason that such s tool did not exist
was becauss computing power was not sufficiently advanced
to handle the large amount of caleulations required, and
further, because the cost of memory available 1o store and
munipulale significant smounts of data was expensive.
Muoreaver, some information (such as, for examyple, acouraie
terrain and geogrephic data) did not exist. The present
inveniion solves tns gap in prior art technology by pravid-
ing a method and an apparatus for displaying real tume
information which, in one preferred embodiment, is coupled
to a vehicle's pavigation system.

Accordingly, it i3 an object of the prosent invention to
provide a method and apparaius for integration with 2
vehicle's navigation system, the method and tool displaying
contimous infornation relating to environmental terrain,
potential obstacles in the path of the vehicle, nearby
vehicles, special use airspace, political and state boundary
lines, geographic features such as rivers and lakes, naviga-
ton aids, airports and information relating to airports, air-
wiuvs and intersections, weather, cultural features such as
hiphways, cities and hipgh-tower lines or towers, proposed
flight paths, wind direction and speed, drift down area 2nd
air traffic information.

It is also an object of the present invention to provide a
method for displaying continuous information relating 1o
environmental terrain, potential obstacles in the path of the
vehicle, nearby vehicles, special use aicspace, politicel and
state boundary lines, yeographic features such as rivers and
lukes, navigalion aids, sirpors and infomation releling o
atrporcts, airways and intersections, weather, cultural features
such a5 highways, cities and high-tower lines or towers, a
propused flight path, wind direction and speed, drift down
ares and eir tralfic information on a single navigational
display unit.

It is also ap vbject of the present invenlion to provide a
melhod and apparatus which communicates with both a
vehicle's onboard navigational syslem and extemna) offboard
information sources, integrates the informaton from the
systemn and external sources, and then continuously displays
selected information of concern by Lhe vehicle's operator on
a single display umit.

BRIEF SUMMARY OF THE INVENTION

The following summary of the inveation is provided to
facilitate an understanding of some of the inoovative fea-
tures unique to the present invention, wnd is not intended 1o
he a full desenplion. A full appreciation of ihe varous
aspects of the invention can only be gained by taking the
entire specification, claims, drawings, and abstract as &
whale,

The present invention is a method and apparatus for real
time navigational display for a vehicle including an infar-
mational database which 15 loaded and stored on an clec-
tronic medium (such as, for example, a personal computer)
within the vehicle. An intermediate database is created from
the informational database and stored om the clectronic
medium. The contents of the intermediate database arc then
trupsmnitied lo a mullivoler display unit for continuous
display to the wehicle’s operator based upon a desired
reference point. In one embodiment, the intermediate data-
hase is created by fusing presslected information from the
informationaj database and projecting the preselected infor-
mation to comespond (0 a common graphical coordinate
axis,
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The novel features of the present invention will become
apparent to those of skill in the ant upon examination of the
following detailed description of the iovention or can be
learned by practice of the present inveation. It should be
understood, however, that the dewailed description of the
invention and the specific examples presented, while indi-
vating verlain embodimenis of the present invention, ate
provided for illusteation purposes ooly because various
changes and modifications withia the spirit and scope of the
invention will become apparent to those of skill in the art
from the detailed description of the invention and claims that
follow.

BRIEF DESCRIPTION (OF THE DRAWINGS

The accompanying figure forther dlusirates the present
invenlton and, iogether with the detailed description of the
invenlion, serve Wy explain the principles of the present
inveniion,

FIG. 1 iy & graphical representation of one embodiment of
the present invention, cocrespond 1o both the methad apd
appatalus claims according to the presenl invention.

DETAILED DESCRIPTION OF THE
TNVENTION

‘The present invention concerns a method and apparatus
for conticuously displaying selecicd navigational informa-
tion on a single digplay uwnit within a vehicle V having a
navigalional system, 1n one embodimen, as seen in FTG. 1,
the present invention includes an electronic medium 21
(such as, for example, a computeér, 2 prowessor or a like
device) in communication with the vehicle’s V navigational
system. The electronic mediurn 21 futher includes memory
storage space (not shown) for storage of databasc records.
An informational database 31 is thus generated, loaded and
stored oo the electronic medium. The informations] database
31 contains various preselected static and dynamic informa-
tion arising from various sources. For sxample, the infor-
mational database 31 may contain {nformation or data
corresponding lo weather radar, traffic collision and avoid-
ance systemts, known global terrain or geographic data
(including a computer model of the surface of the earth),
known obslucle data, special use airspace data, political
haundaries, state/city/county or olher civic boundary lines,
geographic features (such as, for example, rivers, lakes or
the like), navigation aids, airport information data, airway
and intersection data, weather data, cultural data, man-made
object data ard air traflic dats, S3ome of this information may
be static information (such as, for exampls, known global
lerrain dala) which will ool change Juring the vehicls’s
operation and therefore, does not require constant updating,
while other sources of information may be dynamic infor-
mation thal is dynamically updated on 2 real time basis (sech
a8, for example, weather information or adjacent vehicle
information) which will likely change as the vehicls is
aperated. Thus, those of skill ip the art will realize that static
informativn can be losded wnd stored in the electeonic
medium 21 when the vehicle V is not in use or when the
vehicle V in being maintained, whercas dynamic informa-
tion can be updated and stored in the electronic medium 21
by other on-board navigational systems while the vehicle ¥V
is being operated.

Once the infarmational database 31 is created and stoced
on the electronic mediom 21, an intermediate database 41 is
created by a software means §1 which is loaded, stored and
exeented on the electronic medium 21, In one embodiment,
the sofrware means 51 creates the intermediate database 41
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by initially Fusing (or, collecting) preselected information
from the infdffational database 31 and subsequently pro-
jecting (or, mapping) such preselected [nformation o a
mapping system which contains a common graphical coor-
dinate axis which is based upon & desired mference point
(such as, for example, the aircraft or a specific peographical
coordinate location). In this regard, the preselecied infor-
mation or portions of the presslected information can be
displayed o the vicimity of the reference point on the display
device 61. This projection {echnique 15 reguired 1o account
for the fact that planar (or, flat) surface maps are distorted
becauss such planar maps cannol accuraiely depicl s curved
surface (such as the curvature of the sarth).

In another cmbodiment, the software means 51 creates the
intermediate database 41 by employing & processing tech-
nigue which allows preselected records from the intermedi-
ate database to be displayed continuously on the display
device 1. Thus, the software means 51 initially employs
spatial culling so that data from the informational database
ate storcd as a spatially sorted data structure by geographic
location. Qther dala may alse be ¢liminated based on the
map ared (o be displayed. Next, the software means 51 Gliers
lhe spatially stored dats 1o oblain displayable data corne.
sponding to the vicinity of the desired reference point (such
as, for axample, the location of an airplang relative 10 the
earth or a particular geographic location on earth). The
displayablc data is slightly larger (for example, five to six
times larger) than the data required to be displayed on the
display device 61 so that the geomeiry represented by the
displayable dats ¢an be used to continually render multiple
display frames oo device #1 which significantly reduces
computational processing, Finally, the displayable data is
projected to a mapping systerm which conlains 8 common
graphical coordinate axis which is based upen the desired
reference point,

Most planar maps are depicted in latitude and longitude
units, While such planar maps sufice to provide generalized
geographic location information, suck maps are heavily
relied upon despite the fact thal an aceurate geographic
lovation cannot be rendetcd (especially for those geographic
locations near the aorth or south poles). Thus, plapar map
informatian must be projected (or, mapped) [nto a common
unordinate system 1o aceount for the earth’s curved surface.
While various methods for projecting this information exist,
all methods distort the final map in one way or another.
However, by projecting the planar map information inlo a
common coordinate sysiem, the present invention signifi-
cantly reduces or completely eliminates such distortion, near
the center af projection.

In one preferred embodiment of the present invention, the
common cocrdinate system is created by the sofiware means
51 by trapslorming all latitude and longilude information
which may exist in the informational database 31 into
nawtical mile information. By applying this transformation
technique, a common graphical coordinate axis can be
generated from the records among the varions informational
database 31 used. As those of skill in the art will come to
realize, this projection technique allows for lhe creation of
4 vommon view which keeps nautical miles square. This
technique substantially prevents or eliminales distortion
from occuming in roal time at or near the desired point of
reference.

Once the intermediate database 41 is created and stored
on the electmnic medium 21, selected records from the
intermediate datzhase 41 can then be transmitted to a single
graphical multicolor display device 61 for viewing by the
vehicle's operator. The display device 61 is adapted to
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rencler the selected records from the intermediate database
41 praphically 2nd continuously. Further, the display device
is progragmed to present text informalion in u right-side-up
view telative to the vehicle’s operator regardless of the
vehicle's path. The display device 61 is also programmed to
display known hazardous ohstacles in the vicinity of the
vehicle V und issue an audible or visual warning when such
ointacles are in the near vicinity of the vehicte V. Thus,
known obsatacles (such as mountains or towersy can be
simullanequs]y displayed with obstacles which arise during
vehicle ¥ travel (such as, for example, an approaching
thunderstorm) and an appropriate audible or visual watning
commaned can be issued. As those of skill in the art will now
realize, cach obstacle {whether known or which arscs
during the operation of the vehicle V) can now be continu-
ously displayed in the context of & vehicle’s current envi-
ronment. Becsuse the presenl invention allows continuous
display of a vehicle’s environmen, obstacles or like threats
1o the vehicle ¥V can now be displaved much earlier than
prior art navigational devices, thereby allowing the vehicle's
operalor to lake appropriate action to avoid the threat.
The display deviee 61 is further programmed to allow the
vehicle V operator to contral an input device (such 5 a
computer mouse or trackball, for example) coupled to the
electmnic medium 21 10 delesmine which selected record
from the intermediate database 41 15 1o be displayed on the
display device 61. Those of skill in the art will realize that
many lechniques may exisi to display the selected records
(such as, for example, by choosing a pull<lown menu and
selecting the desired record), however, in the prefered

embaodiment af the present invention, each record s graphi-

¢cally displayed as a selectable icon placed oo the perimeter
of the display’s 61 viewing area.

The present invention provides information to the vehi-
¢le’s operator which is penerated by both onboeard or
dynamic and up-loaded or static data sources, thereby allow-
iny the operator to sclect which features are displayed in real
fimme at any given moment. In the preferred embodiment, the
present invention provides warnings and cautions of all
knuwn hueards based on the vehicle's coondinete position
since the position of all known hazards are stored in latimde,
longitude and elevation unils which are projected to a
common graphical coordinate axis, preferably, nautical
miles. Moreover, the preferred embodiment allows such
fratures 1o be displayed in real time as the vehicle V is in
miotion 50 Lhat all text may be shown right side up, regardless
of the: vehicle's heading. Furthermore, the present invention
provides a single integrated display unit in communication
with the vehicle’s navigational system,

Other variations and modifications of the present inven-
ticn will be apparent to those of ordinary skill in the ast, and
it is the intent of the eppended claims that such variations
and modifications be covered. The particular valugs and
configurations discussed above can be vared, are ciled Lo
Nustrate particular embodiments of the present Invention
and are not intended to limit the scope of the invention. It is
contemplated that the use of the present invention can
involve componcnts having differert eharacteristics a5 long
as the principle, the presentation of & method and apparatus
for displaying real time pavigalional informution, is fol-
lowed.

What is claimed [s:

1. On a vehicle having a pavigational system and an
electronic medium attached to the navigational system, a
trethiod for displaying navigational information on a display
utit within the vehicle, the method comprising the steps of:

8) creating &t least one infarmational database by a

saftware mesns, cach informationa] database loaded
and stored oo the clectronic medivm,

]
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by} generating at least one intermediate database by the
software Teans, cach inlermediste databese coptaining
projection data representing navigational information,
the intermediate database and the software means both
being loaded and stored on the electronic medium;

¢) allowing the software means (o transmit sclected por-

tions of the intermediate database to the display unit;
and

d) allowing the sofiware means to continwously display

end render the selected portions of the intermediate
database on the display unit,

2. The method of claim 1 whercin the projection data is
created by fusing presclected data from each informational
database and projecting the fused preselected data to a
common graphical coordinate axis, the axis based on a
desired reference point.

3. The method of claim 2 whersin the infommational
database is selected from the group consisting of coviron-
mental terrain data, obstacle data, adjacent vehicle duta,
special wse airspace data, political boundary data, civie
houndary data, geogrephic feature dala, navigation aid data,
airport infoemation data, airway and intersection data,
weather data, cultwral data, man-made ohject data, gir traffic
data, wind data and flight plan data,

4. The method af claim 3 wherein the electronic medium
is 2 computer means including & control input device.

5. The method of claim 4 whersin ths step of generating
an informational database [urther comprises the slep of
obfaining preselected slatic information and preselected
dynamic information.

6. The method of claim 5 wherein the step of obtaining
preselecied static information is executed when the vehicle
% nat operaled and the step of obtaining preselected
dynamic information is executed when the vehicle s oper-
ated.

7. The method of claim 1 wherein the step of generating
an intermediate database Further comprises the steps of
allowing the sofiware means lo employ spatial and coordi-
nate culling on the informational database 1o obtain spatial
data stoted on the clectronic medium, fltering the spatial
data by the software means to obiain displayable data
correspanding to a geographic vicinity of a desired reference
point and projecling the displayable data to 2 mappiog
system which contains a common grephicel coordinate axis
based upon the desived reference point.

8 The method of claim 7 wherein the desired reference
paint iz the vehicle’s coordinate position relative to the
earth,

9. The method of ¢laim 7 wherein the desired reference
paint is a presclected geopraphical coordinate location,

10. The method of claim 8 wherein the step of projecting
the displayable data to a mapping system further includes
the step of transforming all preselected informalion contain-
ing latitude and loogitude information into nautical mile
infurmation,

11, The method of claim 10 wherein the step of displaying
and rendering the selected portions of the intermediate
database on the display unit further comprises the step of
displaying text information in a right-side-up view with
rezpect to the vehicle's operator,

12. The method of claitn 11 wherein the step of displaying
and rendering the salected poctions of the inlermediate
database on the display wnit further comprises the step of
praviding zn audible or visual warning when the vehicle is
threatened by an ohstacle.

13, The method of claim 12 wherein the step of displayiog
apd rendering the selected porticns of the intermediale
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database on the display unil further comprses the slep of
displaying al least one desired icon on the display, each icon
correspondimg to the selected portions of the intermediate
database.

14, A method for displaying real time navigational intoe-
mation on a single digplay device coupled to a vehicle
having & pavigational system, the method comprising the
steps of:

a) providing an electranic medium in communicaiion wilth

the navigational system;

h) creating and storing at least one informational database

by a software means stoced on the elecironic medium;

c) generating and storing an intermediate databass on the

electronic medium by the softwate means, the inter-
mediaie database conlaimng projection data represent-
ing navigational information, the prajection data cre-
ated by fusing preselected dats from each informational
database and projecting the fused preselected dats o 8

common mapping syslem containing nautical mile |

intormation;

d) transmitting selected portions of the intermediate data-
base 1 a multicolor display device by the software
means; and

¢) continuously displaying the selecled partions of the
intcrmediate database on the display deviee.

15, 'The method of claim 14 wherein the informational
dalabuse is selected from the group consisting of environ-
mental terrain datz, obstacle data, adjacent vehicle data,
special use airspace data, political boundary data, civic
boundary data, geographic feature data, navigation aid data,
airpoct informalion data, airway and intersection data,
weather data, cultural data, man-made object data, air wratfic
data, wind data and tlight plac dara.

16, The method of claim 15 wherein the step of generaling
an informational database further comprises the step af
obtaining preselected static information and preselected
dynamic information, the step of obtaining preselected static
information being executed when the vehicle is not operated
and the stcp of obtaining proselocted dynamie Intormation
being exccuted when the vehicle is operated.

17. Ao apparatus for displaying a vehicle’s coordinate
location on a display usit within a vehicle, the vehbicle
having a navigational syslem, the apparatus comprising:

a) an elecironic medivm in communication with the

pavigational sysiem,

b) an informational database loaded and stored on the
electronic medium, the informational database created
by a sofiware means stored on the electronic medivm;

¢} an intermediate databasc created from the informa-
tionnal database by the software means, the intermediate
dalabuse being loaded and sicred on the electronic
medium, the intermeciate databise containing projec-
tion data repressnting navigational information, the
projection data created by fusing preselected data from
the informational database and projecting the fused
presclected data to 4 common geaphical coordinatc
axis, the axis based on a desired reference point; and
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d) a display device in communication with the ¢lectronic
medium, 1he display devies receiving selected portions
of the projection data and simultaneously aod continu-
ously displaying and rendering the selected portions of
the projection data.

18. The apparatus of claim 17 wherein the informational
datubase is selected from the grouwp copsisling of egvien-
mental terrain data, obstacle deta, adjacent vehicle data,
special use airspace data, political boundary data, civie
boundary data, geogrephic feature dala, navigation aid data,
airport information data, airway aod intersection data,
weather daia, cultural daia, man-made object data, air traffic
data, wind data and flight plan data.

19, The apparatus of claim 18 wherein the elecironic
medinm is 3 computer means ipcluding a control jnput
device.

20, The apparatus of claim 19 wherein the informations]
database contains preselected static information and prese-
lected dynamic information.

21. The method of elaim 20 wherein the preselecied statie
infurmation is obtained when the vehicle is not operated and
the preselected dyvamic wformation is oblaised when the
vehicle is operated,

22, The apparatus of claim 21 wherein the desired refer-
ence point is the vehicle's coordinate position relative to the
carth.

23, The apparatus of claim 22 wherein the desired refer-
shce point is a peograpbical coordinate location,

24 The appacatus of clain 23 wherein the projection data
containg nantical mile mformation,

25. The apparatus of claimn 24 whersin the display device
displays at least oog icon, each icon cotrespanding to the
selected portions of the projection data,

26. An apparatus for displaying a vehicle's coordinate
localion vb o display unit within a vehicle having a navi-
gulinnal system, vomprising:

a) 4od an electronic medium attached to the navigational

Bystem;

b) a sofrware means loaded and stored on the electronic

medium;
¢} al least one informational database created by a soft-
ware means, each mfompational datubase loaded and
stored on the clectionic medium, cach intermediate
dutabuse vrealed by spuliully and courdinalely culling
the informationzl dalabase o abtain sputinl daia stored
on the slectronic medinm, filiering the spatial data by
the software means to obtain displayable data corre-
sponding 1@ & geographic vicinity of a desired reference
point and projecting the displayablc date 1o a mapping
system which contains 8 common graphical coordinate
axis based upun the desired refecence poini;
d) allowing the software means to transmit sclected
portians of the displayable data 1o the display unit; agd

¢) allowing the software means to continuously display
and render the selected potions of the displayable data
on the display unit,

* h W ok
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5T ABSTRACT

A gystem and method for graphically controlling a commu-
nication device and displaying its characteristics on a dis-
play within a vehicle including a microprocessor, a com-
munication and navigation information window within a
portion of the display, the window being gensrated by and
in communication with the microprocessor, at least one
radio in communication with and controlled by the
microprocessor, 8 duta input means in communication with
the microprocessor and st least one communication and
navigation information dalabass in commmunication with the
microprocessor. An sireraft operstor provides input to a
clrzor control device and receives visual feedback via 2
display produced by a monilor. The display includes various
graphical elements associated with each radio’s characier-
istics, Through the use of the cursor control devics, the
operator may modify the radio’s characteristics and/or other
such indicia graphically in aceordanee with foedback pro-
vided by the display.

21 Cluims, 2 Drawing Sheets
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SYSTEM AND METHOD FOR
CONTROLLING COMMUNICATION AND
NAVICATIONAL DEVICES

REFERENCE TO RET.ATED AFPLICATION

This application claims prdority from and the benefit of
U.S. Provisional Patent Application Ser. No, 60/233,825,
filed Sep. 19, 2000, the entiee contents of which are hereby
incorporated by refercoce.

FIET.D OF THE INVENTION
The present invention relates generally 1o communication
andl navigational devices, and more particularly to the con-

teol and display of communication and navigational devices
within an avionics system,

BACKGROUND QF THE INVENTION

A pilot’s awareness and coordination of various aircraft
modes and conditions is often critical to optimum aircraft
performance and safety, For example, the pilol requires
awareness of the airceaft's automation siate to casily coor-
dinaie the flight modes. Morgover, the pilot should be able
to easily view and coordinate the tracking of the aircraft to

current modes and targets. The pilot and co-pilot should alse =

be able 1 vasily control )} communicalion and navigational
radios on the aireratt regardless of the Nighl mode However,
existing cockpit controls, which may be of lhe panel-
mounted variety or of the head up display (HUD) varicty and
which may be cotmmonly found in commereial, military, and
civilian aiceraft, include vacious systems distributed
throughont the cockpil, thereby often requiring the pilot to
intermillently scan various arcas of the cockpit 1o obtain and
analyze the aircraft information. Moreover, Various commu-
micatiom controls may be spaced lhroughowt the cockpit,
which may require the pilot and the co-pilot to reach into
cach other’s immediate space in order to modify or select the
controls. The current arangement of such controls through-
out the cockpil does not allow the piiots 10 fy the sircrafl as
efficiently as possible.

Ta assist the pilot, aircrafl flighl displays continue
advancing, achieving increazingly higher levels of informa-
Liom density and, consequently, presenling o grealer amount
of visual information for the operutor, Tn many spplications,
it is often important that visual displays provide a proper
cognitive mapping between what the operator is trying to
achicve and the information available 10 accomplish the
task. As a result, such systems increasingly utilize human-
tactor design principles in order o build instrumentation and
controls that wark cooperatively with human operators.

Accordingly, the Federal Aviation Administration (FAA)
has promulgated a number of standards and advisery eircu-
lars telating to fight instrumentation. More particularly,
Title 14 of the U8, Code of Federal Regulations, Federal
Aviation Regulations (FAR) Pan 25, Sec, 25,1321 el seq.
provides guidelines for arcangement and visihility of
imgiruments, waming lights, annunciators, and the like.
Similarly, detailed guidelines related o electmonic displays
cun be found in FAA Advisory Circular 20-88A, Guidelines
an the Marking of Alrcraft Powerplant Instruments (Scp.
1985), both of which are incorporated by refercnee.

Typical communication and nevigation raclios used aday
are manually iotensive 1o control. For example, a typical
commurication radio within an aircraft includes a plurality
of buttans, flip switches and/or miatable tuning koobs, The
rotatable tuning knobs comtrol the particular frequency the
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radio is transmitting and receiving. If the vehicle's operator
desired to change the frequency, the waing knobs must be
rotated. If the frequency shift is large, the operator is
required to continually rotaie the koobs uatil the desired
frequency is achieved, This can be 2 eumbersome chore,
This problem is exacerbated when there are multiple com-
munication radios and pavigation radios throughout the
cockpit. Communication and navigation cadios are typically
located in the upper portion of the Aight deck outside of the
pilot's primary soanning view bul withio ammos reach. The
placement of hese radios further takes the pilot's attention
away from his primary duty to operatc the aircrafr.
Consequently, the reaction time associated with adjusting
the characierstios of each radio throughout the cockpit may
potentially affect the safe operation of the vehicle,

What is needed 15 8 system for controlling and displaying
communication devices and navigational devices, and stor-
ing information relating 1o such devices in an casy aod
efficient manner which allows the vehicle's operator o
concentraty on the primary lask of operating the vehicle,

BRIEF SUMMARY OF THE INVENTION

The present invention is, in one embodiment, a systern
and method for graphically controlling & communication
device and displaying its characteristics on a display within
a vehicle including a microprocessor, a communication and
navigation information window within a portion of the
display, the window being generated by and in communi-
cation with the microprocessor, at least one radio io com-
munication with and controlled by the microprocessor, a
data inpul means in communication with the micrprocessor
and o least one communication and navigation inlormation
database in communication with the microprocesson An
aircraft operator provides inpul 1 & cursor control device
and receives visual feedback via a display produced by a
monitor. The display includes various graphical slements
associated with each radio’s characteristivs. Through the use
of the cursor control device, the operator may modify the
radio’s characteristics and/or other such indicia graphically
in accordance with feedback provided by the display.

The nuvel features of the present invention will become
apparent o those of skill in the arl upon examination of the
[otlowing delailed description of the invention or can be
learned by practice of the present invention. It should be
understood, however, that the detailed description of the
invention and the specific examples presented, while [ndi-
caling certain embodiments of the present invention, are
provided for illustration purposes only becauss various
changes and modifications wilhin the #pirit and scope of the
invention will become apparent to those of skill in the art
from the detailed description of the invention and etaims that
follow,

BRIEF DE3SCRIPTION OF THE DRAWINGS

The accompanying figure Further illustrates the prosent
invenlion and, together with the detailed description of the
vention, serve to explain the principles of the present
invention.

FIG. 1 shows an exemplary prior art primary Hight display
with a separate radio management unit;

FIG. 2 illustrales & block diagram schematic of one
embodiment of the present invention; and

FI1G. 3 shows an Aipht display including a radio manage-
ment system according to the present inventiony and

FIG. 4 shows an flight display including a radio manage-
ment system according to another embadiment of the
preseat invention.
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DETAILED DESCRIPTION OF THE
[NVENTION

The present invention may be described berein in terms of
functional block components and varivus processing steps
known ta those of skall in the art. Such functional Blocks
may be realized by any oumber of hardware, finmware,
ardljor software components coafigured to perform the
specified fnctions. For example, the preseat invention may
employ various infegraled cireuil components, e.4., memory
elements, digila) signal processing elements, look-up tables,
and the like, which may carry ou! a variety of functions
under the conirol of ooe or more microprogessors or other
control devices. Marsover, it should be understood that the
excmplary process illustrated may include maore or less steps
of may be performed in the context of a latger processing
scheme. Furthermors, the various flowchbans or methods
presented in the deawing figures or the specification are not
to be construed as limiting the order in which the individual
process steps may be performed.

FIG. L illustrates an exemplary radio communications
system wilhin 4 vehicle of the prior art, In this 1ype «f
system, 4 processor 106 is contigured to communicate with
one of more data sources 108 and at least one communica-
tivn or navigation radio 102, The controls for radio 192 arc
typicaily pluced adjacent to the operator’s line of sight on the
primary vehicle control panel, but as explained previously,
such controls may be arranged throughout the operator’s
environment, In general, 3 wser (=.g., a pilal) located within
a vehicle (e, airerall, which is nol shown) muy provide
input to processor 16 via a front control panel of the radio
102. As stated previously, the location of each radic 102
throughout the vehicle made it dithieult for the vehicle
operator to focus on operating the vehicle,

FIG. 2 illustrates one embodiment of the present inven-
tion. In this embodiment, the présent iovention 18 a system
100 for graphically controlling & communication device's
182 characteristics on 3 portion 114 within 2 display 112
comprising a processor 106 confipured to communicate with
at least one monitor 112, one or more data sources 108 and
a data input meaos 104. In peoeral, a user (e.g., a pilot)
loeated within a vehicls (e.g., airceaft, which is not shown)
may provide inpuot to processor 106 via an inpul device 104
amd receive visual feedback regarding the stuius of the
vehicle's communication aml navigation devices 102 via a
communication information window 114 produced by momni-
tor 112. FIG. 3 illusteates one embodiment of the present
idvention ag may be seen by the vehicle’s operator on a
display 112, Those of skill in the art will realize thal sysiem
100 may be suitably configured for wse any vehicle which
has & communication system.

According (o one aspect of the present inveation as seen
in FIG, 2, the system for graphically controlling a commu-
mication device 102 on a display 112 gencrally incledes a
micraprocessor 106, an {nlomation window 114 within a
portion of the display 112 (as seen in FIG. 3, for example),
at least ane radio communication device 102 a data input
means 104 znd at least one information database 108, all in
communication with the microprocessor 106, In oos pre-
ferred embodiment, the information window 114 is gener-
ated by and in communication with the microprocessor 106,
while each communication database 108 contains radio and
communication information (such as pre-swored lookup
tuhles comesponding to cerlain geographical locations and
their respective commuaoication frequenciss), Prelerably,
sach radio communication device can be selected from very
bigh frequency communication radios, high frequency com-
munication radies and navigation radios.
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Morcover, es seen in FI1G, 3, the information window may
further preferably include a frequency tusing portion 1145,
ap alphunumeric text portion 114 adjacent to the tuting
portion 1148, a scrollable stored frequency portion 114z
adjacent to the text portion and (he tuning portion and at
Izast one selectable tab 11de adjacent to the tuning portion
1145 and the lext portion Llde, all in communication with
the microprocessor 106,

Preferably, the data input means 104 i a cumor contral
means having a cursor or like graphical symbal graphically
and dynamically displayed within the window 114, ar mor
particularly, an alphanumeric keyboard and mouse-like
device. The cursor displuyed within the window 114 may
turther change shape in the window 114 in response 1o data
entered into the data ioput means 104. The dara input means
104 may further include a multi-function keyboard with a
viewable text entry portion (nol shown), the texl entry
portion displaying 1ext entered into the cursor control means
by the aperator which assists the operator in entering alpha-
numernc text. ‘

The alphanurneric text portion 114c may be configured Lo
allow data inpul cotresponding to 2 predefined identifisr
(such as, for example, a geographic location such as “PHX"
representing the City of Phoenix). Similarly, the frequency
tuning portion 1146 may be configured to allow data input
corresponding to @ predefined frequency so that the pre-
defined frequency comesponds to the predefined identifier
(2.2., the frequency 106,30 may correspond 1o a communi-
cation frequency for the City of Phoenix). As o means for
quickly locating previously stored identitiers and
frequencies, the stored frequency partion 1144 is employed
within window 114 to display at least one predefined iden-
tifier and a corresponding predefined frequency. It is a
common practice in the operation of commercial vehicles 1o
use multiple operatoms (such as pilats, for example) through-
cut the day, cach operator polentially cperating the same
vehicle in different geographic locations (e.g., ona pilot
flying from Phoenix to Albuquerque, anather pilet flying
from Albuquerque 1o Las Vegas). As sach, as those of ekill
in the ant will oow appreciate, communicalion [reguencies
and navigational frequencies can be stored and displayed by
the stored frequency portion 114a whether during operation
of the vehicle or otherwise, thereby piving a vehicla’s
various operators the ability 1o modify or retain desired
frequencies. Further, the present invenlion minimizes Lhe
amount of physical work required by a vehicle operator Lo
sel o store such frequencies by allowing direct text cotry
corresponding to such frequencies and/or geographical loca-
tions.

System 108 iz preferably contfigured such that display
element 112 produces an enhanced rendering of various
aspects of a communication system 100 and the communi-
cation system’s characteristics (as {llustrated, for example,
in F1G, 3) as viewed by the operatar of the vehicle. A number
of aspects of display element 112 (which are conirolled by
processor 106 in & practical erabodiment) may contribute to
the improved contents and appearance of the infonpation
window 114, The image generation and display aspects of
the present invention may leverage known techniques such
that cxisting communication systems can be modified in e
straightforwerd manner to support the different features
deacribed berein, In a practical implementation, the concepts
of the present iovention may be realized in the [orm of
revised display generation software or processing resideat at
processor 106,

Processor 106 encompasses one or more functional blocks
used 1o provide flight management and control, control the
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on-board communication system, interface with the pilot,
and input 10 monitor 112. Processor 106 may inciude or
coaperate with any of the on-board radios within the com-
mubication system, such as high frequency communication
radios, very high trequency radios and navigation radios. In
addition, processor 186 may be configured to receive,
analyze, condition, and process information received from
the commudicativn system. In this regard, processor 106
may include any number of individual microprocessors,
flight computers, navigation equipment, memories, storape
devices, interface cards, und other lechnulogies known in the
art. Moreover, processor 108 may include oy number of
mictoprocessor elements, memory ¢lements, power
supplics, and other fenctional components as necessary. In
this respect, processor 106 may include or cooperate with
any number of software programs or instructions designed to
carry oul various methods, process 1agks, calculations, con-
trol fucctions, and the pensration of display signals and
other data used by display element 112 and the conteol and
transfer of data Ieiween the communicalion system 100 and
the display 112. .

Display 112 may also inclode various graphical elements
associated with the lateral position, vertical position, flight-
plan and/or other indicia of the airceaft’s operational state as
determined from data sources 108, Display 112 may also be
hased on & panel mounted display, a HUD projection, or any
known technology, Display 112 may include any number of
conventional elements, & ., visnal indicators, alphanumeric
text, lights, and the like,

In anothsr embodiment, the present invention is imple-
mented with a larpe 14.1" diaponal display to provide much
more display surface arca in from of the pilot. As such, the
present inventicn is confimured to allow the enlargement and
enhancemsnt of the annunciation arcas while substantially
meintaining the surface ama allotted for other displays.
Allgmatively, the presem invention is implemented within
an 8Ax 10" display or any other suitable display size.

Data 108 may include standard information related to the
state of the vehicle. Data gourees 108 include various types
of data required by the system, for example, flight plan data,
data related to airways, navigational zids (Mavaids), symbaol
textures, navigational data, obstructions, font textiures, laxi
vegistration, Special Use Airspace, political boundaries,
communication frequencies (enroute and airports), approach
mformalion, and the like.

In annther embodiment as secn in FIE5, 4, the present
invention is a display system having a communication
wirdow 214 therein. In this cmboediment, as illustrated in
FIG. 4, the window contains at least one radio select means
2144, a selectable alphanumeric text portion 214z, a select-
able frequency tung portion 2145, a scrollable frequency
list having a plurality of location and frequency records
2144 and a plurality of radio uning buttons 214e. Bach of
the radio select means 214a, the selectable alphamwmeric
text portion 2lde, the selectable frequency tuning portion
214, the scrollable frequency list 2144 and the plurality of
racio tunjng buttens 214¢ in communication with and being
vonirulled by a microprocessor 206 (not shown, but similar
in disclosure to the operation of microprocessor 106).

The radio select means 21da cocrespond o memory
locations for a particular radio {e.g., cormunication radio,
navigational radio, high frequency radio, ete.) having stored
geographical and frequency information. An operator would
use radio sclect means 2144 to select & pacticular radio 102
to control, The alphanumeric text portion 214¢ and the
frequency tuning potlion 2i4b are wsed to enier, clear or
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otherwise modify an item from any record within the
freduency list 2144, The frequency list 2144 identifices at
least one predefined identifier record and a corresponding
predefined frequency eeord, When silher recornd is selected
[rom the frequency bist 2144, ils contents are transferred 10
the text portion 214e and the frequency portion 2146 where
such contents can be modified by the opersior vig input
device 204 (not shown), The storage select means 214f is
employed by the operator 1o store or clear a record within the
frequency list 2144, The storage select means 2141 is con-
figured only to store or clear those records displayed in the
text portion 214e and the frequency tuning portion 2144,

1o operation, the vehicle's operator may first select & radio
tuner 214a within the information window 214 (c.g.,
“YEHE™) by the data input means 204, The operator can then
select a record from the frequency list 214d, which displays
the previously stored text and frequency information within
the text portion 21de and the frequency portion 2145, The
oparator can then, though the data input means 204, enter a
new frequency or text identifier as desired, select the storage
select mesns 214f and store the new text or fraquency in
database 108, Those of skill in the art will appreciate that
similar steps are laken 1o clear certain text or frequency
records displayed in the frequency list 214d.

In the ilustrated smbodiment, certain visual cues are used
lo signal to the airerafl operator that the radic memeory
management system is activeted. For example, the shape of
the cursor may change or provide a particular characicristic
to alert the operator that the radio memory management
systom is activated. Further, any alphanumeric field within
the radiv memory management system portion 214 of the
display is preferably programmed to prevent unauthorized
entry of invalid data (such as, for example, an invalid
trequency) or to prevent entry of data in an unselected field,
When the alphanumeric text entercd within a field is
acceptable, the user will accept the entry by appropriately
selecting (he CCD, The respective radio will then change its
scltings based upan the alphaoumenc eniry provided by the
operator,

It should turther be appreciated thac the particular imple-
menlgtions shown and described herein are illustrative of the
varipus embodimenis of the invention and its best mode, and
are not inlended 10 olherwise limit the scope of the present
invention in any way, For the sake of brevity, conventional
techniques and components related 1o aircrafl attitude
detection, Highl iostrurnentation, liquid crystal displays,
HUDs, image rendering, landing and guidance
methodologies, and other functional aspects of the systems
(and components of the individual operating components of
the systems) knowa to those of skill in the arl may not be
described in detail herein. Furthermore, the display images
illusirated are exeruplary in nature and are not intended to
limit the scope or applicability of the present invention in
ALY WaY.

Other variations and modifications of the prezent inven-
tion will be apparent to those of ordinary skill in the art, and
it is the intent of the appended elaims thal such variations
and modifications be coversd, The particular valnes and
uonflgurations discussed above cun be varied, are cited to
illustrate particular embodiments of the present invention
and are not intended 1o limit the scope of the invention. Tt is
contemplated that the use of the present invention can
involve components having different characteristios as loog
as the principle, the presentation of a system for controlling
communication devices and navigational devices, 15 fol-
lowed.
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The embodiments of an invention in which an exclusive
property oc right iz claimed are defined as follows:

1. A vehicle display containing a communication infor-
mation window, the window comprising:

a. &t least one radio select means;

b. a selectable lphanumeric text portion;

¢, a selectable freguency tuning portion;

d. a scrollable frequency list heving a plurality of location
and frequency records;

¢, at least one redio tuning button; and

f. a storage sclect means In communication with the
frequency list; the radio sslect means, st portion,
tuning portion, frequency list, tuning buttons and stor-
age select meaps gach in communication with a
MiCrOproccssor, the MICIOprocessor in comnunication
with af Jeas! one radio means, and each radio luning
hutton corresponding to each radio means.

2. The system of claim 1, ke text portion being configured

to allow data input corresponding to & predefined identifier.

3, The system of claim 2, the tuning portion being
configured to allow data ioput comespanding to a predefined
frequency, the predefined frequency corresponding to the
precefined identifier,

4. The system of claim 3, the frequency list being con-
figured 10 display at least one predefined identifier and a
covresponding predefined frequency.

&, The system of claim 4, cach radio woing botton being
configured to display tuning characieristics of the radio
select means selected, each buttcn further allowing the
characteristics (@ be changed n the text portion or the
frequency tuning portion,

6. The system of claim 5, the storage selecl means
allowing the entey or deletion of the predefined frequency or
the predefined identifier.

7. The system af claim 6, cach radio select means selected
from the group consisting of very high frequency commu-
nication radios, high frequency communication radios and
oavigation radios,

B. A system for graphically conteolling an aireraft com-
munication devicee on 2 on of a display within aircrafi, the
syslet cOmprising:

a. ul leasl one radio luner within the portion;

b, a selectable alphaoumeric text portion within the por-

lion;

¢, & selectable frequency tuning portion within the por-
tion,

d. a serollable frequengy list within (he portion, the
frequency lisl having & pluralily of lovation atd Ere-
quengy recards;

€, 1 storage select means within the portion, the storage
select meaps in communication with the frequency list,

f. at least one radiv in communication with each radio
wner,

g & contrallable cursor control devies, the device accepl-
ing npul [rem an operator; and

b. a processor coupled to the cumsar control device and the
display portion, the processar processing input from the
wser to produce an image oo the display portion view-
able by the operator, the display portion further includ-
ing a cursor symhol responsive te input from the cursor
contrsl device.

9. The system of claim 8, the text portion being contigured

o allow data input cormesponding 10 a predefined identifler.

10. The system of ¢laim 9, the tuming porfion being

configured to allow data input comesponding to a predefined
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frequency, the predefined frequency corresponding to the
pretiefined identifier,

11, The system of claim 10, the frequency list being
configured to display at least one predefined identifier and a
corresponding predefined frequency.

12. The system of claim 11, each radio runer being
configured to display tuning, characterstics of the radia
select means sclected, each tuner further allowing the char-
acteristics to be changed in the text portion or the frequency
woing porlion,

13. The system of claim 12, the storage selsct means
allowing the entry or deletion of the predefined frequency or
the predefined identifier.

14. The system of claim 13, cach rudio select means
selected from the group consisting of very high fraquency
communication radies, high frequency communication
radios and oavigation radios.

15. A method for displaying communication infarmation
within a portion of o display on a vehicle, the method
COMmMprising:

a. providing a window within the display;

. providing al least one radic sclect means within the

window;

. providing a selectable alphanumeric text portion within

the window;

d. pmviding a selectable frequency tuning portion within
the window;

&. providing a scrollable frequency list within the windosw,
the frequency list having a plurality of location and
frequency records,

I. providing at least one radio tuning bullon within the
window; and

£. providing a storage selact means within the window, the
slorage select means in communication with the fre-
quency list; the display, radio sclect means, lext
portion, tuning portion, frequency list, uning buitons
and storage select means cach in communication with
& microprocessor, the microprocessor in communjca-
tivn with at least one radio mesns, cach mdio wning
button corrsspunding to sach radio means,

16. The method of claim 15, the fexl portion beiog
conligured to allow data input corresponding Lo a predefined
identifier.

17. The methed of claim 16, the toning portion being
configured to allow data input corresponding to & predefined
frequency, the predefined frequency corresponding to the
predefined identificr.

18. The method of claim 17, the frequency list being
configured to display at least one predefined identifler and a
corresponding predelined frequency.

19, The method of claim 18, each radiv tuning bution
being configured to display wning cherscleristics of the
radio select means selected, each button further allowing the
characteristics to be changed in the text portion or the
frequency tuning peortion.

20. The methad of claim 19, the storage sclect means
allowing the entry or deletion of the predefined frequency or
the predefined identifier.

21. The method of claim 20, each radio select means
selected from the group consisting of very high frequency
communication radios, high frequency communication
radios and navigation radios.
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57 ABSTRACT

A navigalion systern may he used to generate a navigation
map for a flight display for an aircraft, The navigation map
may include waypoint symbols representing various
waypaints, landmark symbols representing various
landmarks, and/or navigation data symbols representing
various navigation data. Upon receiving & user ioput select-
ing a waypoint, the navigation tyslem generates 3 waypoiot
lacator symbwl for the coresponding selected waypaint and
gENErales a waypoinl painter symbol between the waypoint
locator symbol and a position on the navigation map rep-
resenting a present pasition. In some instances, the naviga-
tion system generates a selected waypoint symbol within the
waypoint localor symbal.

25 Claims, 5 Druwing Sheets
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