Office de la Propriéte Canadian CA 2634103 A1 2008/12/14
Intellectuelle Intellectual Property

du Canada Office (21) 2 634 1 03
Un organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(22) Date de dépét/Filing Date: 2008/06/06 (51) CLInt./Int.Cl. GOSG 5/04(2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2008/12/14 GOTC 21720(2000.01)
(30) Priorité/Priority: 2007/06/14 (US11/763,327) (71) Demandeur/Applicant:

THE BOEING COMPANY, US

(72) Inventeurs/Inventors:
DEY, MICHAEL E., US;
CORNELL, BRADLEY D., US;
GUNN, PETER D., US;
MYERS, ROBERT J., US

(74) Agent: SIM & MCBURNEY

(54) Titre : FONCTION AUTOMATIQUE DE DECALAGE STRATEGIQUE
54) Title: AUTOMATIC STRATEGIC OFFSET FUNCTION

100 —5*
106¢ p
N46 E153 v 108
104¢ f7 : .
/|
i | » 1100
106b } / v
A, 1 112
N47 : i -

104b | /. :

[ 1 - 110
| {‘5///”////__-
1062 ] f .
NS6 E166 Y/ ; 10
10442

# 5 & % & & ¥ & K & &

!
i
?
i
€

(57) Abrégée/Abstract:

Embodiments of methods and systems for providing an automatic strategic offset function are disclosed. In one embodiment, a
method for enhancing the collision avoidance capabillity of an aircraft includes determining a flight plan, determining a boundary for
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(57) Abrege(suite)/Abstract(continued):
the flight plan, generating a variable offset from the flight plan that is within the boundary, the variable offset including a lateral offset
distance, and navigating an aircraft based on the variable offset.
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AUTOMATIC STRATEGIC OFFSET FUNCTION

ABSTRACT OF THE DISCLOSURE
Embodiments of methods and systems tfor providing an automatic strategic offset
function are disclosed. In one embodiment, a method for enhancing the collision avoidance
capability of an aircraft includes determining a tlight plan, determining a boundary for the
flight plan, generating a variable otfset from the tlight plan that 1s within the boundary, the

variable offset including a lateral offset distance, and navigating an aircraft based on the

variable offset.
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AUTOMATIC STRATEGIC OFFSET FUNCTION

TECHNICAL KFIELD
The present disclosure teaches methods and systems for aircraft navigation, and more

specifically, to methods and systems for providing an automatic strategic offset function.

BACKGROUND

With the advent of satellite-based navigation, aircraft navigation has become very
accurate. While improved navigation accuracy in general 1s beneficial to aircraft navigation,
it also has drawbacks. For example, published flight paths may become crowded with
aircraft sharing the same flight plan that 1s generated automatically for many aircratt.

To address the 1ssue of highly accurate aircraft navigation crowding published flight
paths, a manual flight crew procedural workaround may be recommended. The procedural
workaround may include having the flight crew manually add a continuous offset to the flight
plan. For example, the flight crew may add an offset of one nautical mile to the right of the
flight plan, and thus the flight plan may deviate continually by one mile during the duration
of the manually entered offset.

A disadvantage of the current method is that existing flight management computers
(FMCs) only allow manual entry of flight plan offsets in whole number nautical miles.
Further, the offset value 1s a fixed value for the duration of the offset, increasing the
likelthood of tlight crews picking the same offset value. Although desirable results have

been achieved using prior art methods and systems, improved aircraft flight plan navigation

would have utility.
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SUMMARY

Embodiments of methods and systems for providing an automatic strategic offset
function are disclosed. In one embodiment, a method for enhancing the collision avoidance
capability of an aircraft includes determining a flight plan, determining a boundary for the
flight plan, generating a variable offset from the flight plan that 1s within the boundary, the
variable offset including a lateral offset distance, and navigating an aircraft based on the
variable offset.

In another embodiment, a system for providing an automatic strategic offset function
includes an autoflight system, a sensor system including at least one of a global positioning
system, an inertial reference unit, or an air data computer, and a flight management
computer. The flight management computer may be operably coupled with the autoflight
system and/or the sensor system, the flight management computer processing a flight plan of
the vehicle to generate a non-uniform offset value 1n the vertical and lateral orientation
between the flight plan and a boundary, the offset value used to create an offset flight plan
for navigating an aircraft.

The features, functions, and advantages can be achieved independently in various

embodiments of the present disclosure or may be combined in yet other embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of systems and methods in accordance with the present disclosure are

described in detail below with reference to the following drawings.

Figure 1 1s a plan view of a flight plan including an automatic strategic offset in

accordance with an embodiment of the disclosure:
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Figure 2 1s a front elevation view of an aircraft with lateral and vertical offset
boundaries in accordance with another embodiment of the disclosure;

Figure 3 1s a schematic of a system for providing a flight plan with an automatic
strategic offset in accordance with yet another embodiment of the disclosure;

Figure 4a 1s an exemplary user intertace for providing an automatic strategic offset
and Figure 4b 1s an exemplary user interface providing additional control over the offset in
accordance with an embodiment of the disclosure;

Figure 5 1s a flow diagram for generating an improved flight plan with a flight plan
offset in accordance with another embodiment of the disclosure; and

Figure 6 1s a side elevation view of an aircraft having one or more of the disclosed

embodiments of the present disclosure.

DETAILED DESCRIPTION

Methods and systems for providing an automatic strategic offset function are
described herein. Many specific details of certain embodiments of the disclosure are set forth
in the following description and in Figures 1 through 6 to provide a thorough understanding
of such embodiments. One skilled in the art, however, will understand that the present
disclosure may have additional embodiments, or that the present disclosure may be practiced
without several of the details described in the following description.

Figure 1 1s a plan view of a flight plan including an automatic strategic offset in
accordance with an embodiment of the disclosure. The environment 100 includes an aircraft
102 directed along programmed flight management computer (FMC) flight plan legs 104,
such as flight plan legs 104a, 104b, and 104c. Each flight plan leg 104a, 104b, and 104c may

be directed to waypoints 106a, 106b, and 106c, respectively. The waypoints 106a, 106b, and
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106¢ may be airspace fix (i.e., published navigation points in space), global position system
(GPS) coordinates (e.g., latitude and longitude position) or any other nautical reference point.

The environment 100 may include a maximum allowable offset or boundary 108.
Conventionally, the maximum allowable offset or boundary 108 1s provided to the right of
the flight plan legs 104. However, alternative embodiments may include a left boundary or
both right and left boundaries. Left and right boundaries may be substantially equal distance
from the flight plan legs 104 or different distances from the flight plan legs such that the left
boundary distance is not equal to the right boundary distance when measured from the flight
plan legs.

Embodiments of the current disclosure may provide offsets 110 to the flight plan legs
104. In some embodiments, the offsets 110 may be computed by the FMC or other
computing system or device. In addition, the FMC may create random varying offsets. In
one configuration, the FMC may create random segments for the offsets 110 corresponding
to flight plan legs 104a, 104b, and 104¢c. For example, the first flight plan leg 104a may have
a corresponding first offset 110a, the second tlight plan leg 104b may have a corresponding
second offset 110b, and the third flight plan leg 104¢ may have a corresponding third offset
110c.

In other embodiments, the offsets 110 may be continuous and align with the flight

plan legs 104. The offsets may also be generated by a user input, a computer, or a
combination of both. For example, the flight crew may control the offset 110 of the flight
plan legs 104 by inputting the offset 110 into the FMC. During operation, the aircraft 102
navigates along a flight plan 112 that follows at least a portion of the offset 110 from the
flight plan legs 104, while remaining within the boundary 108.

In some embodiments, the automatic strategic offset 110 is configured to use existing

information contained in the flight management system to automatically apply an intentional
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flight plan variation when appropriately activated. For example, a user may be able to select
flight offsets 110, or portions thereof, used for a previous flight.

Figure 2 1s a front elevation view of an aircraft with lateral and vertical offset
boundaries in accordance with another embodiment of the disclosure. An environment 200
includes the aircraft 102 within a variable airspace 202. The variable airspace 202 may be
defined by a vertical offset 204 (e.g., a Reduced Vertical Separation Minima (RVSM)
altitude uncertainty/variability) and a lateral offset 206. The variable airspace 202 may be in
both the vertical (altitude) and lateral (horizontal) dimensions, within the limits prescribed by
air navigation service providers. Currently, FMC offsets 100 are typically applied laterally,
and are manually-entered values in units of whole number nautical miles. Once entered, the
lateral offset remains a fixed value until manually changed by the flight crew.

Embodiments of the disclosure may provide the offset 110 automatically such as by a
system generated offset value provided by, for example, the FMC. The automatic offset 110
may take into account Required Navigation Performance (RNP) (e.g., current oceanic
standard of RNP 4.0) and Reduced Vertical Separation Minima (RVSM) (e.g., current
standard of +/- 65 feet) associated with the flight plan leg 104. The offset 110 may be
compared to Actual Navigation Performance (ANP) and altitude data when determining the
values for the offset 110. Additionally, in embodiments of the disclosure, the flight crew
may enter non-whole numbers (e.g., decimals, fractions, etc.) for the offset 110 which may
significantly increase the variability in offsets used by flight crews to modify flight plan legs
104.

Embodiments of the disclosure may allow an aircraft navigation and autoflight
system to randomly vary the offsets 110 for the aircraft flight plan within the variable
airspace 202 to decrease the likelihood of conflict with another aircraft flying the same route
(e.g., collision avoidance). The aircraft 102 may be configured to vary the vertical position

within the vertical offset 204 and/or vary the lateral position within the lateral offset 206.

_5.
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Reduced Vertical Separation Minima (RVSM) may further reduce the likelihood of conflict
with another aircraft flying the same route. In particular, the offset 110 may be beneficial to
aircraft navigating in oceanic and remote airspace where radar is not available. In addition,
randomly varying the offset 110 from the programmed flight plan legé 104 may aid 1n
reducing wake vortex turbulence resulting from the aircraft entering a vortex produced by an
aircraft 102 flying ahead on the same flight plan legs 104 at different altitudes (e.g., higher
altitudes). In other embodiments, the vertical offset 204 or lateral offset 206 may be
generated manually such as with user input.

Figure 3 1s a schematic of an exemplary system 300 for providing a flight plan with
an automatic strategic offset in accordance with yet another embodiment of the disclosure.
The system 300 may include a flight management computer (FMC) 302 operably connected
to an autotlight system 304 and sensor system 306. The FMC 302 may further include a
flight management database 308. The flight management database 308 may facilitate using
existing flight information to automatically, or otherwise, apply an intentional flight plan
variation. In addition, the tlight management database, or other storage medium, may retain
a maximum value for the vertical and/or lateral offset for each segment of the flight plan.
The sensor system 306 may include a GPS 310, an inertial reference unit (IRU) 312, an air
data computer 314, or other components to assist in orientation, navigation, and control of
the aircraft 102. For example, the GPS 310 may facilitate locating waypoints 106a, 106b,
and 106c¢ and determining new coordinates for the offset 110 that is randomly generated to

adjust the flight plan from the flight plan legs 110.

The system 300 may include a number of components 316. The system 300 may

include one or more processors 318 that are coupled to instances of a user interface (UI) 320.
The system 300 may include one or more instances of a computer-readable storage medium
322 that are addressable by the processor 318. As such, the processor 318 may read data or

executable mstructions from, or store data to, the storage medium 322. The storage medium

-6 -
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322 may contain a FMC flight plan offset module 324, which may be implemented as one or
more software modules that, when loaded into the processor 318 and executed, cause the
system 300 to perform any of the functions described herein, such as to generate an
automatic flight plan offset.  Additionally, the storage medium 322 may contain
implementations of any of the various software modules described herein.

Figure 4a is an exemplary user interface 400 for providing an automatic strategic
offset. The user interface 400 may be an interface for the FMC 302 and display information
typical for the FMC. The user interface 400 may include a display portion 402 and line
select keys 404. The display portion 402 may be organized in columns, and include columns
such as a direction column 406 and a waypoint column 408. Each line select key 404 may
correspond to a line in the display portion 402, such as line 410. The line 410 may display
information or data in the direction column 406 and the waypoint column 408. In addition, a
strategic lateral offset procedure (SLOP) 412 setting may be displayed, which may be
associated with the line 410. The SLOP 412 display may indicate the status for a SLOP
setting, such as “Offset,” “Inactive,” or another SLOP setting. An offset line 414 may
provide further detail about the offset values or SLOP setting. For example, the offset line
414 may include an “On,” “Off,” or “Auto” setting. The “Auto” setting may provide a
system controlled automatic offset. The offset line 414 may also include an offset distance
such as a distance in nautical miles (NM). For example, the offset distance may be “R2,”
which may represent an offset of two nautical miles to the right of a flight plan leg 104. The

offset distance may be system generated (e.g., by the FMC 302) or 1t may be an input from a

USCT.

Figure 4b 1s an exemplary user interface providing additional control over the offset
in accordance with an embodiment of the disclosure. The additional user interface 450
provide further information to a user and facilitate data entry and control over an automatic

strategic offset function as disclosed herein. The additional user interface 450 may include a

.7 -
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manual (or normal) portion 452 and an automatic portion 454. The manual portion 452 may
include a distance line 456 for a user to provide a distance, such as in nautical miles, for the
offset 110. The distance may include fractions, decimals, or other inputs that specify a
distance. A direction selector line 458 may allow the user to select whether the distance is
measured to the right, left, or both rnight and left of the flight plan leg 104.

The automatic portion 454 may include a status line 460 with settings including “On,”
“Off,” or “Auto” as described above. The automatic portion 454 may engage and/or
disengage the offset 110 from the flight plan leg 104 as appropriate for an airspace

environment based on information from the flight management database 308.

The automatic portion 454 may also include one or more SLOP distance fields 462.
For example, the distance fields 462 may include a maximum SLOP distance and a random
SLOP distance. The maximum SLOP value may be a user entered distance or a system
generated distance that corresponds to the boundary 108. The random SLOP distance may
be a random distance generated by the FMC 302, or other computing system, that is within or
equal to the range limits (or boundary 108) for the SLOP value (i.e., the maximum SLOP).
For example, 1f the boundary 108 (or maximum SLOP distance) is two miles, the random
SLOP would be a value between zero and two miles.

The automatic portion 454 may also include a direction selector line 464 to allow the
user to select the whether the distance 1s measured to the right, left, or both left and right with

respect to the flight control leg 104. For example, if “both” is selected for the direction
selector line 464 and the maximum SLOP is two miles, then the random SLOP may be any

value between two miles to the left and two miles to the right, thus a range of four lateral

miles.

In further embodiments, the user interface 400 and the additional user interface 450
may 1nclude controls for the offset 110 for the vertical offset 204 as described with reference

to Figure 2. The vertical offset 204 may be outputted on the same display 402 as the lateral

_8.-
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offset 206 or it may be displayed separately. The vertical offset may be entered or displayed

in a smaller unit of measure than nautical miles, such as in feet because the vertical offset

204 is typically smaller than the lateral offset 206.

FMC 302 allows a user to enable the FMC to compute a random offset from the flight
plan legs 104 within the boundary 108 or prescribed limits (e.g., zero to two nautical miles
right, +/- 65 feet vertically). In other embodiments, the user may be able to override the
random offset 110 such as by manually entering another offset 110 or initiating a new
random offset value. The offset 110 may be displayed to the tlight crew via the FMC 302,
and may be applied to the flight plan legs 104. The flight plan legs 104 may be flown by the
aircraft autoflight system 304.

Figure 5 is a flow diagram for generating an improved flight plan with a flight plan
offset in accordance with another embodiment of the disclosure. A process 500 includes
block 502 where a flight plan 1s generated. At block 504, the thight plan offsets are created.
The flight plan offsets may be created automatically by the FMC 302, manually, or a
combination of both. Additionally, the offsets may be segments, such as flight plan offsets
110a, 110b, and 110c in Figure 1, or may be a continuous tlight plan offset 110.

At block 506, the flight plan with offsets 1s analyzed by the FMC 302. At block 508,
the optimum flight plan is generated. The FMC 302, or other computing system, may
determine the optimum flight plan based on the programmed flight plan legs 104 and offsets
110. For example, the optimum flight plan may include passing through points 1dentified as
offsets 110 or otherwise incorporate the offset 110 into the flight plan to reduce fuel
consumption, reduce flight time, or improve other aspects of the flight. At block 510, the
flight plan with offsets 1s adjusted using the optimal flight plan. Generally, the process 500
may analyze the flight plan with offsets to determine opportunities with respect to the
allowable offset to shorten the total distance traveled by “cutting corners,” thus potentially

reducing fuel consumption and/or reducing travel time.

- 9.
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Those skilled in the art will also readily recognize that the foregoing embodiments
may be incorporated into a wide variety of different systems. Referring now in particular to
Figure 6, a side elevation view of an aircraft 600 having one or more of the disclosed
embodiments of the present disclosure is shown. The aircraft 600 generally includes a
variety of components and subsystems known in the pertinent art such as the flight
management computer (FMC) 302, autoflight system 304 and sensor systems 306, and other
components and subsystems, which in the interest of brevity, will not be described in detail.
For example, the aircraft 600 generally includes one or more propulsion units 602 that are
coupled to wing assemblies 604, or alternately, to a fuselage 606 or even other portions of the
aircraft 600. Additionally, the aircraft 600 also includes a landing assembly 610 coupled to
the fuselage 606, and a flight control system 612 (not shown in Figure 6), as well as a
plurality of other electrical, mechanical and electromechanical systems that cooperatively
perform a variety of tasks necessary for the operation of the aircraft 600.

With reference still to Figure 6, the aircraft 600 may include one or more of the
embodiments of the automatic strategic offset according to the present disclosure, which may
be incorporated into the flight control system 612 or other systems of the aircraft 600. The
aircraft 600 1s generally representative of a commercial passenger aircraft, which may
include, for example without limitation, the 737, 747, 757, 767, 777 and 787 commercial
passenger aircraft available from The Boeing Company of Chicago, IlI. In alternate
embodiments, the present disclosure may also be incorporated into flight vehicles of other
types, or other moveable platforms. Examples of such flight vehicles include manned or
unmanned military aircraft, rotary wing aircraft, or even ballistic flight vehicles, as illustrated
more fully in various descriptive volumes, such as Jane's All The World's Aircraft, available
from Jane's Information Group, Ltd. of Coulsdon, Surrey, UK. In addition, moveable

vehicles may include maritime vessels, automobiles, and other moveable platforms for transit

on land or in water.

-10 -
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While preferred and alternate embodiments of the disclosure have been illustrated and
described, as noted above, many changes can be made without departing from the spirit and
scope of the disclosure. Accordingly, the scope of the disclosure is not limited by the
disclosure of these preferred and alternate embodiments. Instead, the disclosure should be

determined entirely by reference to the claims that follow.

-11 -
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What 1s claimed i1s:

1. A method for enhancing the collision avoidance capability of an aircraft
(102/600), comprising:

determining a flight plan;

determining a boundary (108) for the flight plan;

generating a variable offset from the flight plan that i1s within the boundary (108), the

variable offset including a lateral offset (206) distance; and

navigating an aircraft (102/600) based on the variable offset.

2. The method of claim 1, wherein generating the variable offset includes

configuring a flight management computer (302/612) to generate the variable offset.

3. The method of claim 2, wherein the variable offset is generated randomly to
create a random offset segment including at least one of a vertical offset (204) or a lateral

offset (206) from the flight plan, the random offset segment creating an offset from a

segment of the flight plan.

4. The method of claim 3, wherein the random segment is calculated between

two consecutive waypoints (106).

J. The method of claim 1, wherein the variable offset is displayed to a user.

6. The method of claim 1, wherein generating the variable offset from the flight

plan includes a vertical offset (204) distance.

-12 -
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7. The method of claim 1, wherein generating the variable offset from the flight

plan includes a user-generated offset value.

8. The method of claim 1, wherein navigating the aircraft (102/600) based on the

variable offset includes navigating the aircraft (102/600) using an autoflight system.

9. A system, comprising:
an autoflight system;

a sensor system (306) including at least one of a global positioning system (310) , an

inertial reference unit (312), or an air data computer (314); and

a flight management computer (302/612) operably coupled with the autoflight system
(304) and the sensor system (306), the flight management computer (302/612) processing a
flight plan of an aircraft (102/600) to generate a non-uniform offset value in the vertical and
lateral orientation between the flight plan and a boundary (108), the offset value used to

create an offset flight plan for navigating the aircraft (102/600).

10. The system of claim 9, wherein generating a non-uniform offset value
includes the flight management computer (302/612) automatically generating a random offset

value for a segment of the flight plan.

11.  The system of claim 10, wherein the flight management computer (302/612) is

configured to selectively engage or disengage the offset from the flight plan as appropriate

for an airspace environment based on information from a flight management database.

- 13 -
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12. The system of claim 10, wherein the flight management computer (302/612)

generates the random offset value to the flight plan to optimize the total miles flown to

minimize fuel usage.

13.  The system of claim 9, wherein the flight management computer (302/612)

automatically generates a random oftset value for a segment of the flight plan when the

aircraft (102/600) is traversing oceanic airspace.

14.  The system of claim 9, wherein the boundary includes at least one of Reduced
Vertical Separation Minima (RVSM) or Required Navigation Performance (RNP)

incorporating Actual Navigation Performance (ANP).

- 14 -
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