ATRCRAFT TURNS FOR INTERVAL MANAGEMENT

BACKGROUND

L0001] The present disclosure relates generally to
defining appropriate flight paths for aircraft and
controlling the movement of aircraft in flight. More
particularly, the present disclosure relates to defining
appropriate turns for aircraft in flight and controlling
alrcraft in flight to perform appropriate turns to
achieve a desired gspacing between aircraft in flight for

interval management.

[ogo2] Interval management refers to management of the
spacing between aircraft in flight. Interval management
may be used to organize and expedite the flow of air
traffie in an effective, efficient, and reliable manner.
For example, without limitation, interval management may
be used to manage the sgpacing between aircratt
approaching an airport runway for landing. A desired
spacing between alrcraft landing on the runway may be
established to improve or optimize the efficiency of
landing operations at the airport.

{00031 Interval management of aircraft in £light way
be implemented by an air traffic control system or other
appropriate entity. For example, an air traffic comtrol
system or other entity responsible for interval
management in an area of airceraft operatlons may provide
information for implementing interval wanagement in the
area to aircraft in flight in the arsa. Such interval
managemént information may indicate, for example, a
degired gpacing between alircraft operating in the area.

The aircraft operating in the area may be required or



expected to achieve the indicated spacing between
aircraft for interval management .

[0004] It thus may be desirable to control an aircraft
in flight in an appropriate manner to achieve a desired
gpacing between the aircraft and another aircraft in
flight for intexrval management. It also may be desirable
to comtrol an aircraft in flight in an appropriate manner
to maintain or improve aircraft operating efficiency.

For example, without limitation, it may be desirable to
contrel an aircraft in £light in an appropriate manner to
minimize or reduce fuel consumption by the aircraft.
[0005] Current systems and methods for controlling the
movement of an aircraft in £light may not provide for
maintaining or improving the operating efficiency of the
aireraft while controlling the aircraft to establish a
desired spacing from another aircraft for interval
management. Accordingly, it would be beneficial to have
a method and apparatus that take into account one or more
of the issues discussed above, as well as possible other

issues.



SUMMARY

[00086} The illustrative embodiments of the present
digclosure provide a method of turning an aircraft for
interval management. Interval management information
identifying a desired spacing between the aircraft and a
target aircraft is received. Turn information is
determined using a performance gain factor. The turn
information identifies a turn point for the aircraft.
The performance gain factor identifies a desired portion
of achieving the desired spacing due to turning the
aircraft at the turn point and a desired portion of
achieving the desired spacing due to changing speed of
the aircraft. Determining the turn information comprises
determining a search goal using the performance gain
factor; selecting a candidate turn point along a leg of
flight of the aircraft; evaluating the candidate turn
point to determine whether the candidate turn point
gatisfies the search goal; and identifying the candidate
turn point as the turn point in response to a
determination that the candidate turn point satisfies the
search goal. The turn information is used to turn the
alrcraft at the turn point.

[o007] The illustrative embodiments of the present
disclosure also provide an apparatus comprising an
information receiver, a turn calculator, and an
information formacter. ‘The information receilver is
configured Lo receive interval management information
identifying z desired spacing between an aircraft and a
target aircraft. The turn calculator is configured to
determine turn information using a performance gain
factor. The turn infoxrmation identifies a turn point for
the aircraft. The performance gain factor identifies a

degired portion of achieving the desired spacing due to



turning the aircraft at the turn. point and a desired
portion of achieving the degired spacing due to changing
speed of the aircraft. The turn calculator comprises a
search goal determiner configured to determine a gearch
goal using the performance gain factor; a point selector
configured to select a candidate turn point along a leg
of flight of the aircraft; and a turn point evaluator
configured to evaluate the candidate turn point to
determine whether the candidate turn point satisfies the
search goal and to identify the candidate turn point as
the turn point in respounse to a determination that the
candidate turn point satisfies the search goal. The
information formatter is ceonfigurad to Eormat the turn
information for using the turn information to turn the
alrcraft at the turn point.

[opoe] The illustrative embodiments of the present
disclosure also provide a method of turning an aircraft

for interval management. A gearch goal is deterwmined
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using a desired spacing between the alrcraft and a target
aircraft. The search goal uses a performance gain
factor, wherein the performance gain factor idéentifieg a
degired portion of achieving the desired spacing between
the aircraft and the target aircraft due to turrning the
aircraft at the turn point and a desired portion of
achisving the degired spacing due to changing speed of
the airecraft. A candidate turn point along a leg of
flight of the aircraft is selected. The candidate turn
point is evaluated to determine whether the candidate
turn point patisfies the search goal. The cdandidate turn
point is identified as the turn point in respouse to a
determination that the candidate turn point satisfies the
gearch goal. The aircraft is turned at the turn point.
[opoo] Varioug features, functions, and benefits may
be achieved independently in wvarious embodiments of the
present disclosure or may be combined in yet other
embodiments in which further details can be seen with

reference to the following description and drawings.



BRIEF DESCRIPTION QF THE DRAWINGS

[6010] The novel features believed characteristic of
the illustrative embodiments are set forth in the
appended claims. The illustrative embodiments, however,
ag well as a preferred mode of use, further objectivesg,
and benefits thereof, will best be understood by
reference to the following detailed description of
illustrative embodiments of the present disclosure when
read in conjunction with the accompanying drawings,
wherein:

{p011] Figure 1 ig an illustration of aircraft turns
for interval management in an aircraft operating
environment in accordance with an illustrative
embodiment;

foco12] Figure 2 is an illustration of a block diagram
of an aircraft operating environment in accordance with
an illustrative embodiment ;

[0013] Figure 3 isg an illustration of & block diagram
of a turn calculator in accordance with an illustrative
embodiment ;

[co14] Figure 4 is an illustration of a flowchart of a
process for turning an aircraft in accordance with an
illustrative embodiment;

[0015] Figure 5 is an illustration of a flowchart of a
process for determining turn information in accordance
with an illustrative embodiment;

[o0LE] Figure & is an illustration of a flowchart of a
process for determining a gearch goal using a performance
gain factor in accordance with an illustrative
embodiment;

[oo17] Figure 7 is an illustration of a flowchart of a

process for determining a maximum distance along a leg



for a turn point in accordance with an illustrative
embodiment;

[0018] FPigure 8 is an illustration of a flowchart of a
process for evaluating a candidate turn point in
accordance with an illustrative embodiment; and

[0015] Figure 9 is an illustration of a block diagram
of a data processing system in accordance with an

1llustrative embodiment.



DETAILED DESCRIPTION

foozq] Different illustrative embodiments recognize
and take inte account a number of different
congiderations. YA number,” as used herein with
refarence to items, means one or more items. For
example, “a number of different considerations” are one
or more different considerations.

(0621} Different illustrative embodiments recognize
and take into account that it may be desirable to control
an aircraft in £light to achieve a desired spacing
between the aircraft and another aircraft in £light for
interval management. The desired spacing may be achieved
by turning the alrcraft at an appropriate turn point, by
changing or otherwise controlling the speed of the
aircraft, or by an appropriate combination of turning and
speed control.

[0022] The different illustrative embodiments also
recognize and take into account that both turning an
ailrcraft and changing the speed of an aircraft may burn
fuel or otherwipge effect the efficient operation of an
aircraft in various ways. Therefore, aircraft operating
efficiency may be improved by taking into account the
effects of both turning the aircraft and changing the
speed of the alrcraft in controlling the movement of the
alrcraft to achieve a desired spacing between aircraft
for interval management.

{0023] Illustrative embodiments provide a system and
method for determining a desired turn point for an
alrcraft that may take into account both the sffect of
turning the aircraft at the turn point and the effect of
changing the speed of the aircraft in achieving a desired
gpacing between airxcraft for interval management. In

accordance with an illustrative embodiment, turn



information for interval management of an aircraft may be
determined using a performance gain factor that
identifies a desired portion of achieving a desired
spacing between aircraft due to turning the aircraft at a
turn point and a desired portion of achieving the desired
spacing between the aircraft due to changing gpeed of the
alrcraft.

[0024] Turn information generated in accordance with
an illustrative embodiment may ke used to turn an
aircraft to achieve a desired spacing between aircraft
for interval management. For example, without limitation,
turn information in accordance with an illustrative
embodiment may be displayed to an aircraft operator in an
appropriate manner for the operator to turn the aircraft
manually at a desired turn point. Alterpatively, turn
information in accordance with an illustrative embodiment
may be manually or automatically provided to an aircraft
Elight management system for automated control of the
aircraft turn at the turn point.

[6025] Turning to Figure 1, an illustration of
aircraft turns for interval management in an aircraft
operating environment is depicted in accordance with an
illustrative embodiment. Aircraft operating environment
100 may include any appropriate airgpace in which a
number or aircraft may be in flight. For example,
without limitation, aircraft 102 and target aircraft 104
may be in flight in aircraft operating environment 100.
The symbols representing aircraft 102 and target aircraft
104 indicate the relative positions of aircraft 102 and
target aircraft 104 in aivcraft operating environment 100
at a point in time. The symbols representing aircraft
102 and target aircraft 104 are not necessarily drawn to

gscale with respect to distances in aircraft operating



environment 100. More or fewer than two aircraft may be
in flight in aireraft operating environment 100.

[0026] Ajrcraft 102 and target aircraft 104 may be
commercial passenger alrcraft, cargo alrcraft, private or
personal aviation aircraft, military aircraft, or any
other appropriate type of aircraft that may be used for
any appropriate purpose. Alrcraftf 102 and target
aircraft 104 may be fixed wing, rotary wing, or lighter-
than-air aiveraft. Aircraft 102 and target aircraft 104
may be manned aircraft or unmammed aerial vehicles.
Alrcraft 102 and target aircraft 104 may be the same type
of aircraft or may be different types of aircraft.

[0027] Target aircraft 104 may be in flight on and
following route 106, indicated by a solid line in Figure
1. Route 106 also may be referred toc as a flight path.
Route 106 may be straight or may include a number of
turns at a number of points along roube 106,

[0028] ABircraft 102 may be in f£light on flight path
108, indicated by a broken line in Figure 1., Flight path
108 also may be referred to as a route. Relatively
straight portions of f£light path 108, betwesen turng of
aircraft 102, may be referred to as legs of flight path
108. Flight path 108 for aircraft 102 may be different
from route 106. For examples, without limitation, leg 110
of flight path 108 for aircraft 102 may be in a direction
away from route 106. Leg 110 of flight path 108 for
aircraft 102 algo or alternatively may be referred to as
a first leg, an outbound leg, or a current leg.

[0029] It may be desirable that flight path 108 for
aircraft 102 merges with and follows route 106 at some
point. For example, without limitation, aircraft 102 and
target aircraft 104 may be directed to land on a
designated runway at an airport. Route 106 may be a

preferred approach route for aircraft landing on the



degignated runway. In this case, it may be desirable
that the flight paths of all aircraft that will be
landing on the designated runway, including aircraft 102
and target aircraft 104, are merged into route 1.06.

{00307 To join route 106, aircraft 102 may turn at
turn point 112 from leg 110 of flight path 108 onto leg
114 of flight path 108. Leg 114 of flight path 108
intersects route 106 at intercept peoint 116. Leg 114 of
filight path 108 also or alternatively may be referred to
as a second leg or an inbound leg. Aircraft 102 may turn
onto route 106 at intercept point 116. Aircraft 102 may
be referred to as a turning aircxraftf,

[0031] Turn angle 118 is the angle that aircraft 102
turns at turn point 112 from leg 110 to leg 114 of flight
path 108. Turn angle 120 is the angle that aircraft 102
turns from leg 114 of flight path 108 onto route 106. It
may be desirable that neither turn angle 118 nor turn
angle 120 excead a maximum turn angle for aircraft 102.
The maximum turn angle for aircraft 102 may be determined
in any appropriate manner. For example, the maximum turn
angle for aircraft 102 may be determined so as to take
into account the turning capability of aircraft 102, the
efficient operation of aircraft 102, the comfort of
passengers onboard aircraft 102, govermment regulations,
other considerations, or various cowmbinations of
considerations. For example, without limitation, the
maximum turn angle for aircraft 102 way be approximately
120 degrees, or another appropriate angle.

i0032] It may be desirable for aircraft 102 to achieve
and maintain a desired spacing from target aircraft 104
when aircraft 102 joins target aircraft 104 on route 106.
For example, without limitation, an air traffic control
system or other entity may instruct aircraft 102 to

achieve a degired spacing with target aircraft 104 for
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interval management of aircraft on route 106 or another
appropriate purpose. For example, aircraft 102 may be
instructed to achieve the desired spacing with target
aircraft 104 by the time that aircraft 102 reaches
achieve-by point 122 on route 106.

[0033] The degired spacing between alrcraft 102 and
target aircraft 104 for interval management may be
achieved by turning aircraft 102 at the appropriate turn
point 112 or by turning aircraft 102 at the appropriate
turn point 112 in combination with controlling the speed
of aircraft 102 in an appropriate manner. For example,
turn point 112 may be selec¢ted such that when aircraft
102 turning at turn point 112 turns onto route 106 at
intercept point 116, aircraft 102 ig at the desired
spacing with target aircraft 104 on route 106. In thisg
case, the desired gpacing between aircraft 102 and target
aircraft 104 may be achleved by turning aircraft 102 at
turn point 112 without changing the speed of aircraft
1.02. In another example, turn point 112 wmay be gelected
such that when aircraft 102 turning at tuxn point 112
turns onto route 106 at intercept point 116, aircraft 102
is not at the desired gpacing with target alrxdraft 104 on
route 106. In this came, the desired spacing between
aircraft 102 and target aircraft 104 may be achieved by
controlling the speed of aircraft 102 in an appropriate
manner to achieve the desired spacing between aircraft
102 and target aircraft 104 after airxcraft 102 turns onto
route 106 at intercept point 116,

(00341 Tn accordance with an illustrative embodiment,
turn point 112 may be determined in a manner that takes
into account the desired portion of achieving the desired
apacing between aircraft 102 and target aircraft 104 due
to turning aircraft 102 at turn point 112 and the desired

portion of achieving the desired spacing between aircraft
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102 and target aircraft 104 due to changing the speed of
alrcraft 102.

[0035] Turning to Figure 2, an illustration of a block
diagram of an aircraft operating environment is depicted
in accordance with an illustrative embodiment. Adrcraft
operating environment 200 may be an example of one
implementation of aircraft operating envirorment 100 in
Figure 1. Ailrcraft 201 and target aircraft 202 may be in
£light in aircraft operating environment 200. Aircraft
201 and targelt aircraft 202 may be examples of
implementations of aircraft 102 and target aircraft 104,
respectively, in Figure 1. More than two aircraft may be
in flight in alrcraft operating environment 200.

[0036] The movement of aircraft 201 while in flight in
aircraft operating environment 200 may be controlled
manually by operator 203, Operator 203 may be a pilot or
other human operator of aircraft 201. Operator 203 nay
control aircraft 201 from flight deck 204 of aircraft 201
or from another appropriate location by the manipulation
of appropriate controlg 205, Flight deck 204 also or
alternatively may be referred tc as the cockpit of
alrcraft 201, Controls 205 may be configured to control
the opervation of various systems on aircraft 201. For
example, without limitation, operator 203 may use
controls 208 to turn alrcraft 201, to change the speed of
aircraft 201, or to control the movement of aircraft 201
in aireraft operating environment 200 in any other
appropriate manner or in various combinations of ways.
[0037] Operator 203 may use various types of
information in various ways to control the operation of
aircraft 201 in an appropriate wmanner. Information for
the control of aircraft 201 by operator 203 may be
displayed to operator 203 on display device 206. Any

appropriate information, from any appropriate source, may
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be displayed to operator 203 on display device 206 in any
appropriate format. Display device 206 may include any
appropriate number of display deéevices. Display device
206 may be implemented on aircraft 201 in any appropriate
manner. For example, without limitation, display device
206 may be implemented on flight deck 204 of aircraft 201
in any appropriate manner.

[0038] Operator 203 may enter various types of
information into various systems on aircraft 201 for
various purposes. Information for the control of
aircraft 201 or other appropriate purposes may be entered
into the appropriate systems on aircraft 201 by operator
203 via input device 208. Any appropriate information
may be entered in any appropriate format into any
appropriate system on aircraft 201 by operator 203 via
input device 208. Input device 208 may include any
appropriate number of input devices. Input device 208
may be implemented on aircraft 201 in any appropriate
manner. For example, without limitation, input device
208 may be implemented on flight deck 204 of aircraft 201
in any appropriate manner.

[0039] Digplay device 206 and input device 208 may be
implemented as separate devices on aircraft 201.
Alternatively, disgplay device 206 and input device 208
may be implemented together as a single device on
aircraft 201. For example, without limitation, display
device 206 and input device 208 may be implemented
together as a touch screen disgplay device on aircraft 201
or in another appropriate manner.

[0040] The movement of aircraft 201 while in flight in
aircraft operating environment 200 may be controlled
automatically or automatically in combination with manual
control of aircraft 201 by operator 203. For example,

without limitation, auvtomatic control of the movement of



aircraft 201 in £light may be provided by flight
management system 212 on aircraft 201 or in ancther
appropriate manner. Flight management system 212 may
comprise a spedialized computer system that automates a
wide variety of im-flight tasks. Flight management
system 212 may be configured to perform in-£light
management of a flight plan for aircraft 201. For
example, without limitatiom, flight management system 212
may be configured to use information from various sensors
to determine the position of aircraft 201 and to guide
aircraft 201 along a f£light plan.

[0041] Adrcraft 201 may include communications system
214. Communications system 214 may include a number of
appropriate systems for communicating with systems off of
alrcraft 201. For example, without limitation,
communications system 214 may be configured for
communication with air traffic control system 216 and
target aircraft 202. Communications system 214 may be
configured to provide voice communications, data
communications other than voice communications, or both
voice and other data communications.

[0042] Turn calculator 222 on aircraft 201 may be
configured to generate turn information 224 for
controlling turng of aircraft 201. For eéxample, without
Iimitation, turn calculator 222 may be configured to
generate turn informatiom 224 Ffor controlling turns of
aircraft 201 for interval management. For example, turn
information 224 may identify turn point 225 at which
aircraft 201 should be turned to achieve a desired
spacing of aircraft 201 with target aircraft 202. Turn
information 224 generated by turn calculator 222 may be
used to turn aircraft 201 at turn point 225. An exanmple
of one implementation of turn calculator 222 in

accordance with an 1llustrative embodiment ig described
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below with reference to Figure 3. An example of one
implementation of a process for generating turn
information 224 by turn calculator 222 is described below
with reference to Figures 4-8. Turn calculator 222 may
be configured to use interval management information 226,
target aircraft information 228, and aircraft information
230 to gemerate turn information 224.

f0043] Interval management information 226 may include
information that identifies a desired spacing between
ailrcraft 201 and target aircraft 202. For example,
without limitation, interval management information 226
also may include one or.more of information that
identifies target aircraft 202, a route for target
aircraft 202, an intercept point, an achieve-by point, or
any other appropriate information for use by turn
calculator 222 to generate turn information 224.

(00441 Interval management information 226 may be
provided to aircraft 201 by air traffic control system
216 or any other appropriate source of interval
management information 226 via communications system 214.
Air traffic control system 216 may comprise any system or
entity with the responsibility to control air traffic in
a portion of air space. For example, without limitation,
alr traffic control system 216 may comprise terminal
control assopcilated with an airport or other location for
the take-off and landing of aircraft, an area control
center for controlling aircraft in route between areas
covered by terminal contxrol, or another appropriate air
traffic control system. Air traffic control system 218
may have the appropriate authority to order or request
movements of airvcraft 201 by providing interval
management information 226 to alircraft 201.

[0045] Target alrcraft information 228 may include

information about target aircraft 202 used by turn
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calculator 222 to generate turn information 224. Fovr
example, without limitation, target aircraft information
228 wmay include information identifying the current state
of target aircraft 202. Target aircraft information 228
identifying the current state of target asircraft 202 may
include information identifying the current position of
target aircraft 202 and the current speed of target
aircraft 202.

[0045] Target aircraft information 228 may be provided
to aircraft 201 from target alrcraft 202 via
communications system 214 or in another appropriate
manner. For example, without limitation, target aircraft
information 228 may be provided from target aircraft 202
to aircraft 201 via automatic dependent surveillance -
broadcast, ADS-B. Automatic dependent surveillance -
broadcast is & cooperative surveillance technology in
which an alrcraft determines its position via satellite
navigation and periodically broadcasts it, enabling the
aircraft to be tracked.

[0047] Aircraft information 230 may include
information about aircraft 201 that is used by turn
calculator 222 to generate turn information 224. For
-examble, without limitation, airvcraft information 230 may
include information identifying the current state of
aircraft 201 and a flight path for aircraft 201.

Aitrcraft information 230 identifying the current state of
gircraft 201 may include information identifying the
current position of aircraft 201 and the current speed of
aircraft 201 along a flight path for aircraft 201.

[oo4s] Aircraft information 230 may be provided by
appropriates systemg on alircraft 201 or in another
appropriate manner. For exampls, without limitation,
aircraft information 230 identifying the current state of

aircraft 201 may be provided by flight management system
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212, by a satellite based or othexr appropriate navigation
system on aircraft 201, or by another appropriate system
or combination of systems on aircraft 201.

[0043] Turn calculator 222 may use target alrcraft
information 228 and aircraft information 230 to predict
paths of movement for target aircraft 202 and alrcraft
201, respectively, to generate turn information 224.
Turn calculator 222 may use trajectory generator 232 to
predict the wmovement of aircraft 201 and target aircraft
202. Trajectory generator 232 may comprisge any
appropriate system or method for predicting the movement
of target aircraft 202 and aircraft 201. Trajectory
generator 232 may be configured to properly represent a
flyable trajectory in three dimensions, including proper
construction of turns and representative of the intended
Flight path in the vertical and longitudinal directions.
For example, without limitation, the Eunctiomality of
trajectory generator 232 may be ilmplemented as part of
flight management system 212. Alternatively, trajectory
generatbor 232 may be implemented separately from £light
management system 212.

{0050] Turn information 224 generated by turn
calculator 222 may be used to turn aircraft 201 at turn
point 225. For example, without limitation, turn
information 224 may be displayed to operator 203 on
display device 206 and used by operator 203 to turn
alrcraft 201 manually at the tuxn point identified in
turn information 224. Alternatively, turn information
224 displayed on disgplay device 206 may be entered by
operator 201 into £light management system 212 via input
device 208, or provided directly from turn calculator 222
to flight management system 212, for automatically
turning 4aircraft 201 at turn point 225 identified in turn

information 224.
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[0051] One or more of flight management system 212,
turn calculator 222, and trajectory generator 232 may be
implemented in software or in software in combination
with hardware on aircraft data processing system 240.
Aircraft data processing system 240 may comprise any
number of appropriate data processing systems on aircraft
201,

{oos52] Turning to Figure 3, an illustration of a block
diagram of a turn calculatoﬁ is depicted in accordance
with an illustrative embodiment. Turm calculator 300 may
be an example of one implementation of turn calculator
22Z in Figure 2.

[0053] Turn calculator 300 is configured to generate
turn information 302. Turn information 302 way identify
turn point 303. Turn calculator 300 may comprise
information receiver 304, search goal determiner 306,
poeint selector 308, turn point evaluator 310, information
formatter 312, and information sender 314.

10054] Information receiver 304 may be configured to
receive various types of information from various sources
for use by turn calculator 300 to determine turn
information 302. For example, without limitation,
information receiver 304 may be configured to receive
interval wmanagewent information 316, aircraft information
318, target aircraft information 320, other appropriate
information, or various combinations of information for
use by turn calculator 300 to determine turn information
302.

[0055] For example, without limitation, interval
management information 316 may include target aircraft
identifier 321, and may identify target aircraft route
322, intercept poinkt 323, desired spacing 324, and
achieve-by point 328. Target aircraft identifier 321 may

identify a target airceraft in flight in any appropriate
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manner. Target aircraft route 322 may be identified in
any appropriate manner. Intercept point 323 may be a
point on the route of the target aircraft where the
turning aircraft intercepts the route and turns onto the
route. Desired spacing 324 may be the desired spacing
between the turning aircraft and the target aircraft on
the route. Achieve-by polint 326 may be the point by
which desired spacing 324 between the turning aireraft
and the target aircraft is to ke achieved. Interval
management information 316 may be received from an air
traffic control system or other appropriate source of
interval management information 316.

[oC56] Ailrcraft information 318 may include, without
limitation, aircraft pesitiomn 380, aircraft heading 382,
aircraft speed 384, maximum turn angle 386, othsr
aircraft information 388, or various combinations of
information regarding the turning aircraft. Aircraft
information 318 may be provided by appropriate systems
onboard the turning aircraft or in ancther appropriate
manner.

{0057] Target alrcraft information 320 may include,
without limitation, target aircraft position 390, target
aircraft speed 394, other target aircraft information
396, or various cowbinations of information regarding the
target aircraft. Target aircraft information 318 may be
provided by the target aircraft or in another appropriate
mannex .

[6058] Search goal determiner 306 may be configured to
determine search goal 350 using performance gain factor
352. Performance gain factor 352 may be selected or
determined to identify a desired portion of achieving
desired spacing 324 due to turning the aircraft at turn
point 303 and a desired portion of achieving desired

spacing 324 due to changing the speed of the aircraft

12



354. For example, without limitation, search goal
determiner 306 may be configured to determine search goal
350 by determining an estimated time of arrival of the
target aircraft at achieve-by point 326. Search goal 350
then may be determined by multiplying the sum of desired
spacing 324 and the estimated time of arrival of the
target alrcraft at achieve-by point 326 by performance
gain factor 352. BAn example of one implementation of a
process for determining search goal 350 that may be
implemented by search goal determiner 306 is described
below with reference to Figure 6.

[0053] Performance gain factor 352 may be selected in
advance prior to a flight, calculated in advance prior to
a flight, or calculated during a flight. For example,
without limitation, performance gain factor 352 may be
calculated based on known current conditions of a turning
alrcraft and the relationship of the current conditions
to the desired nominal conditiong of the aircraft along a
desired flight path, expectations of flight efficiencies,
or both.

[0060] For example, withcout limitation, the value for
performance gain factor 352 may be selected based on the
current speed of the turning ailrcraft as cowmpared to its
nominal speed. The performance of the gpeed control
operation will depend on the symmetry of the ability of
the aircraft to slow down, balanced by its ability to
speed up along a turn geometry to achieve desired spacing
324. In instances where the current speed of the
aircraft is further from the nominal speed, less speed
control authority symmetry is achievable, and thus more
or less control should be allocated to turning the
aircraft to achieve desired spacing 324. Performance
gain factor 352 also affects the resulting flight

efficiency, as the fuel burn expanded in turning the
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aircraft for a given speed profile iz expected to be
different from the fuel burn expended in a speed control
operation for a given turn point geometry.

[oo61] Point selector 308 is configured to select
candidate turn points for evaluation by turn point
evaluator 310. For example, without limitation, point
selector 308 may be configured to select candidate turm
point 362 from points along a current or outbound leg of
the turning aircraft using Eulerian method 364.

[0062] Turn point evaluator 310 is configured to
determine whether candidate turn point 362 satisfies
search goal 350. Candidate tuwrn point 362 that satisfies
search goal 350 is identified as turn point 303 in turn
information 302.

[0063] Information formatter 312 is configured to
format turn informationm 362 in an appropriate manner for
using turn information 302 to turn the aircraft to
achieve desired spacing 324. For example, without
limitation, information formatter 312 may be configured
to format turn information 302 for display 370 to a human
operator of the aircraft for manually turning the
aircraft at turn point 303 by the human operator.
Alternatively, or in addition, information formatter 312
may foxmat turn information 302 for use by flight
management system 372 or another appropriate system for
automated control of the aircraft to perform a turn point
303,

[0064] Information sender 314 may be configqured to
send turn information 302 to an appropriate location for
use in turning the aircraft. For example, without
limitation, information sender 314 may be configured to
send turn information 302 to a display device for display

370 or to flight management system 372 on the aircraft.
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[0065] The illustrations of Figures 1-3 are not meant
to imply physical or architectural limitations to the
manner in which different illiustrative embodiments may be
implemented. Other components in addition to, in place
of, or in addition to and in place of the ones
illustrated may be used. BSome components may be
unneceaggary in some illustrative embo&iments. Also, the
blocks are presented to illustrate some functional
components. One or more of these blocks may be combined,
divided, or combined and divided into different blocks
when implemented in different illustrative embodiments.
100661 Turning to Figure 4, an illustration of a
flowchart of a procegs for turning an aircraft is
depicted in accordance with an illustrative embodiment.
Procesgs 400 may be an example of one implementation of a
process for turning aircraft 102 in Pigure 1 or aircraft
201 in Figure 2 for interval management. For example,
without limitation, process 400 may be performed cnboard
aircraft 102 in Figure 1 or aircraft 201 in Figure 2.
[0067] Process 400 may begin with receiving interval
management information defining a desired spacing between
the ailrcraft and a target aircraft (operation 402}. For
example, without limitation, the interval management
information may be received onboard the aircraft from an
air traffic control system or other appropriate source of
interval management information via an appropriate
communications system onboard the aircraft., The interval
management information may be received onboard the
aircraft in the form of digital data that is read by a
turn calculator implemented in a data processing system
onboard the aircraft. Alternatively, or in addition, the
interval management information may be received as voice

information by an operator onboard the aircraft and then
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entered into the turn calculator onboard the alrcraft by
the operator.

{oo68] Turn information to achieve the desired spacing
between the aircraft and the target aircraft then may be
determined using a performance gain factor (operation
404). The turn information may identify a turn point for
the aircraft. The performance gain factor identifies a
desired relationship between achieving the desired
spacing between the ailrcraft and the target aircraft due
to turning the aircraft at the turn point and due to
changing the speed of the aircraft. For example, wilthout
limitation, operation 404 may be performed by a turn
calculator implemented in a data processing gystem
onboard the aircraft.

{o069] The turn information then may be used to turn
the aircraft at the turn point (operation 406}, with the
process terminating thereafter. For example, without
limitation, the turn information may be displayed in an
appropriate format to a pilot or other appropriate human
operator of the aircraft. The pilot or othexr operxator
may then use the turn information to turn the ailrcraft at
the turn point. Alternatively, the turn information may
be used to turn the aircraft automatically at the tuxn
point. For example, without limitation, the turn
information may be presented to the operator of the
aircraft in an appropriate form and then entered manually
into a flight management system for the aircraft by the
operator. Alternatively, the turn information may be
provided directly to the flight management system for the
aircraft in an appropriate form for use by the flight
management system.

[0070] Turning to Figure 5, an illustration of a
flowchart of a process for determining turn informatiom

is depicted in accordance with an illustrative
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embodiment. Procesg 500 may be performed to identify a
turn point for turning an aircraft in flight to achieve a
desired gpacing between the aircraft and a target
aircraft for interval management or another appropriate
purpose. Process 500 may be performed, for example, by
turn calculator 222 in Figure 2 or by turn calculator 300
in Figure 3. Process 500 may be an example of one
implementation of operation 404 in Figure 4.

{o071] Process 500 may begin with determining a search
goal using a performance gain factor {operation 502).

The performance gain factor used in operation 502 may
identify a desired portion of achieving a desired spacing
between an airvcraft and a target aircraft due to turning
the aircraft at a turn point and a desired portion of
achieving the desired spacing between the aircraft and
the target aircraft due Lo changing speed of the
alrcraft. For example, without limitation, the search
goal may be based on the desired spacing between the
alrcraft and the target aircraft multiplied by the
performance gain factor.

{0072] A candidate turn point at a minimum distance
frém the current location of the aircraft along the
current leg of flight of the aircraft may then be
gelected (operation 504). The minimum distance along the
current leg gelected in operation 504 ig the closest
point to the current location of the aircraft along the
current leg of the flight at which the turn to achieve
the degired spacing between the aircraft and the target
aircraft may occur. Any appropriate value may be selected
for the minimum distance used in operation 504. For
example, without limitation, the minimum distance along
the current leg of the flight may be selected to be
approximately 5 nautical miles, or any other appropriate

distance.
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[0073] The candidate turn point at the minimum
distance along the current leg of the flight is then
evaluated (operation 508). The evaluation of operation
504 may include determining whether turning the aircraft
at the candidate turn point at the minimum distance along
the current leg satisfies the search goal {operation
508). If turning the aircraft at the candidate turn
point at the minimum distance along the current leg does
gatisfy the gearch goal determined in operation 502, then
turn information may be generated identifying the
candidate turn point at the minimum distance along the
leg as the turn point (operation 510), with the process
terminating thereafter.

[0074] When it is determined at operation 508 that
turning the aircraft at the candidate turn point at the
minimum distance along the current leg does not satisfy
the search goal, a candidate turn point at a maximum
distance from the current location of the aircraft along
the current leg of flight of the aircraft may then be
determined (operation 512). The maximum distance along
the current leg determined in operation 512 is the
furthest point from the current location of the aircraft
along the current leg of the flight at which the turn to
achieve the desired spacing between the aircraft and the
target aircraft may occur. The maximum distance along
the leg may be determined based on the maximum turn angle
of the ailrcraft. An example of one implementation of a
process for determining the maximum distance in operation
512 is described below with reference to Figure 7.

[0075] The candidate turn point at the maximum
distance along the current leg of the flight is then
evaluated {(operation 514). The evaluation of operation
514 may include determining whether turning the alrcraft

at the candidate turn point at the maximum distance along
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the current leg satisfies the search goal (operation
516}. If turning the aircraft at the candidate turn
point at the maximum distance along the current leg does
gatigfy the search goal determined in operation 502, then
turn information may be generated at operation 510
identifying the candidate turn point at the maximum
digtance along the leg as the turn point, with the
process terminating thereaftexr.

[0076] When it is determined at operation 516 that
turning the aircraft at the candidate turn point at the
maximum distance along the current leg does not satisfy
the search goal, it may be determined whether a process
termination condition is satisfied (operation 317). In
regponse to a determination that the process termination
condition is not satisfied, a point halfway between the
lagt candidate turn point evaluated and the one of the
previous two candidate turn points that was determined to
be clogest to satisfying the seaxrch geal is selected
(operation 518). Operation 518 implements an Eulerian
method of selecting candidate turn points to evaluate as
turn pointg for the alrcraft. The candidate turn point
selected in operation 518 is then evaluated at operation
514 to determine whether turning the aircraft at the
candidate turn point gatisfies the search goal at
operation 516. If turning the aircraft at the candidate
turn point selected in operation 518 does satisfy the
search goal determined in operation 502, then turn
information may be generated at operation 510 identifying
the candidate turn point selected in operation 518 as the
turn point, with the process terminating thereafter.

When it is determined at operation 516 that turning the
aircraft at the candidate tuxn point selected in

operation 518 does not satisfy the search goal, the
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process may proceed to operation 517 te determine whether
the process termination condition is satisfied.

[0077] In response to a determination at operation 517
that the process termination condition is satisfied, it
may be indicated that no turn point satisfying the search
goal is identified (operation 520), with the process
terminating thereafter. The process termination
condition used in operation 517 may be selected to
prevent a perpetual loop condition in process 500 when a
turn point that satisfies the search goal is not
identified within a reasonable amount of time or a
reasonable number of iterations.

[0078] Turning to Figure 6, an illustration of a
flowchart of a process for determining a search goal
using a performance gain factor is depicted in accordance
with an illustrative embodiment. Process 600 may be
performed, for example, by search goal determiner 306 in
Figure 3. Process 600 may be an example of one
implementation of operation 502 in Figure 5.

[00781 Process 600 may begin with determining the
estimated time of arrival of the target aircraft at the
achieve-by point {operation 602). For example, without
limitatioﬁ, operation 602 may be periommed by a
trajectory generator using the intended flight path for
the target aircraft, target aircraft information
identifying the current state of operation of the target
aircraft, and the achieve-by poigt.

(o080 The desired spacing then may be added to the
estimated time of arrival of the target ailrcraft at the
achieve-by point (operation 604). The desired spacing
used in operation 604 is represented in units of time,
If the degired spacing is provided as a distance, it may
be transformed onto a time-based representation for use

in operation 604. For example, without limitation, a
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desired spacing provided as a distance may be transformed
to a time-based representation based on the esgtimated
ground speed of the target alrcraft through the achieve-
by point. The estimated ground speed of the target
aircraft through the achieve-byv point may be provided by
the trajectory generator based on the intended flight
path forxr the target aircraft.
fogos1ll The search goal then may be determined by
multiplying the sum of the desired spacing and the
ggtimated time of arrival of the target aircraft at the
achieve-by point by the performance gain factor
{operation 606}, with the process terminating thereafter,
The search goal thus may be determined using the
equation:

8G = (ABP ETA. + D) *RPGF (L)

where 5¢ is the search goal, ABP ETA. ig the
estimated time of arrival of the target aircraft at the
achieve~pby point, DS ig the degired spacing, and PGF is
the performance gain factor.
{0082} In thigs example, the performance gain factor
may be selected as a value that eggentially partitions
the amount of time to achieve the desired spacing between
turning the aircraft at the turn point and changing the
speed of the aircraft. Fox example, without limitation,
in this case a performance gain factor value of 1.0 will
result in determining turn information defining a turn
point that yields exactly the desired spacing without
changing the speed of the aircraft. In this example, a
performance gain factor value of 0.8 will result in
determining turn information that defines a turn point
that achieves 80 percent of the desired spacing, with
approximately 20 percent of the desired spacing remaining

to be achieved by changing the speed of the aircraft.
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[0083] Turning to Figure 7, an illustration of a
flowchart of a process for determining a maximum distance
along a leg for a turn point is depicted in accordance
with an illustrative embodiwent. Process 700 may be
determined, for example, by point selector 308 in Figure
3. Process 700 may be an example of one implementation
of operation 512 in process 500 in Figure 5.

[0084] Process 780 may begin with computing the ground
track of an inbound leg to the intercept point given the
maximum turn angle for the aircraft the intercept point
{(operation 702). For example, without limitation, the
maximum turn angle at the intercept point may be
approximately 120 degrees or another appropriate angle.
The turn angle at the point where the inbound leg
determined in operation 702 intersectg the outbound leg
of the flight then is determined {operation 704). it
then may be determined whether the turn angle at the
intersection between the inbound leg and the outbound leg
determined in operation 704 is less than a maximum turn
angle for the aircraft {operation 766). For example,
without limitation, the maximum turn angle at the
intersection between the outbound leg and the inbound leg
may be approximately 12¢ degrees or another appropriate
angle.

[0085] When it is determined at operation 706 that the
angle between the ocutbound leg and the inbound leg
determined in operation 702 is less than the maximum turn
angle, then the maximum distance along the outbound leg
for the turn point may be set as the point where the
inbound leg determined in operation 702 intersects the
outbound leg (operation 708), with the process
terminating thereafter. Otherwise, the ground track of
an inbound leg that intersects the ground track of the

outtbound leg at the maximum turn angle between the
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outbound leg and the inbound leg may be determined
(operation 710). The maximum distance along the outhound
leg for the turn point then may be set at operation 708
as the point where the inbound leg determined in
operation 710 intersects the outbound leg, with the
process terminating thereafter.

[0086] Turning to Figure B, an illustration of a
flowchart of a process for evaluating a candidate turn
point is depicted in accordance with an illustrative
embodiment. Process 800 may be performed, for example,
by turn peint evaluator 310 in Figure 3. Process 800 may
be an example of one implementation of operations 508 and
516 in process 500 in Figure 5.

[DG87] Process 800 may begin by determining an
estimated time of arrival at an achieve-by point assuming
a turn point for the aircraft at the candidate turn point
being evaluated (operation 802). For example, without
limitation, the estimated time of arriwval at the achieve-
by point may be determined using a trajectory generator
to predict the movement of the ailrcraft using aircraft
state information and assuming a flight path with a turn
at the candidate turn point.- Using the estimated time of
arrival determined in operation 802, a predicted spacing
between the aircraft and the target alrcraft at the
achieve-by point then may be determined (operation 804).
It then may be determined whether the difference between
the predicted spacing and the search goal is legs than a
selected threshold value (operation 806). Any
appropriate value may bhe selected for the threshold value
used in operation 806. For example, without limitation,
the threshold value may be selected to be approximately
10 seconds, or any other appropriate value., If the
difference between the achieved spacing and the search

goal is not less than the selected threshold value, it
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may be indicated that the candidate turn point under
evaluation does mnot satisfy the seawxch goal (operation
808), with the procegs terminating thereafter.

foosa] Depending on the difference in assumed speed
profiles between the turning aircraft and the target
airvcraft in the portion of the flight path between the
intercept point and the achieve-by-point, it may be
possible to identify a turn point for the ailrcraft that
will achieve the degired spacing at the achieve-by-peoint
but not at the intercept point. Also, depending on the
value of the performance gain factor and whether or not
there is a speed constraint for the aircraft at the
intercept point, the speed of the turning aircraft at the
intercept point may be different from the speed of the
target alrcraft at the intexrcept point. In such cases,
it may be preferable to evaluate the estimated spacing at
the intercept point resulting from a turn at the point
under evaluation, and reject the point as the turn point
for the aircraft if the estimated spacing between the
alrcraft at the intercept point would be significantly
different from the desired spacing.

[0089] Therefore, when it is determined at operation
806 that the difference between the achieved spacing and
the search goal ig less than the selected threshold
value, it may be determined whether the target aircraft
route includes the intercept point {operation 81i0)., If
the target aircraft route does not include the intercept
point, then it may be indicated that the candidate turn
point under evaluation satisfies the search goal
{operation 812), with the process terminating thereafter.
[0090] When it is determined at operation 810 that the
target alrcraft route does include the intercept point,
an estimated time of arrival of the target aircraft at

the intercept point may be determined {operation 814}.

31



The estimated time of arrival of the turning aircraft at
the intercept point iz determined assuming a turn point
for the aircraft at the candidate turn point being
evaluated {(operation 816). Using the estimated times of
arrival determined in operations 814 and 816, a predicted
gpacing betweern the turning aircraft and the target
alrcraft at the intercept point then may be determined
{operation 818).

{o091] It then may be determined whethexr the
difference between the predicted spacing at the intercept
point and the desired spacing is less than a selected
threshold value {operation 820). Any appropriate value
may be selected for the threshold wvalue used in operation
B20. The threshold value used in operation 820 preferably
may be the same as the threshold value used in operation
806. Alternatively, the threshold value uged in
operation 820 may be different from the threshold wvalue
used in operation 806. For example, without limitation,
the threshold value used in operation 820 may be selected
to be approximately 10 seconds, or any other appropriate
value. If the difference between the achieved spacing at
the intercept point and the desired spacing is not less
than the selected threshold value, it may be indicated at
operation 808 that the candidate turn point under
evaluation does not =matisfy the search goal, with the
process terminating thereafter. Otherwise it may be
indicated at operation 812 that the candidate turn point
under evaluation satisfies the search goal, with the
process terminating therxeafter.

[0092] Turning to Figure 9, an illugtration of a block
diagram of a data processing system is depicted in
accordance with an illustrative embodiment. Data
processing system 900 may be an example of one

implementation of alrcraft data processing system 240 in
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Figure 1. Data processing system 900 may be an example
of one implementation of a data processing system on
which turn calculator 222 in Figure 2 or turn calculator
300 in Figure 3 is jimplemented.

[00583] In thig illustrative example, data processing
system 900 includes communications fabric 202.
Communilcations fabric 902 provides communications between
processor unit 904, memory 906, persistent storage 908,
communications unit 910, input/output (I/0) unit 912, and
display 914.

[0094] Processor unit 904 serves to execute
instructions for software that may be loaded into memory
906. Processor unit 904 may be a number of processors, a
multi-procesgsor core, or some other type of processor,
depending on the particular implementation. A number, as
used herein with reference to an ltem, means one or wmore
items. Further, processor unit 204 may be implemented
uging a mumber of heterogeneous processor systems in which
a wmain processor is present with secondary processors on a
single chip. As another illustrative example, processor
unit 904 may ke a symmetric multi-processor system
containing multiple procesgors of the same type.

[0095} Memory 506 and persistent storage %08 are
examples of storage devices 816. A storage device is any
piece of hardware that is capable of storing information,
guch as, for examplie, without limitation, data, program
code in functional form, and/or other suitable
information either on a temporary basis and/or a
permanent basis. Storage devices 9216 may also be
referred to as computer readable storage devicesg in these
examples. Memory 906, in these examples, may be, for
example, @ random access memory or any other suitable

volatile or non-volatile storage device. Persistent
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gtorage 908 may take various formsg, depending on the
particular implementation.

{00398l For exawmple, persistent storage 908 may contain
one Or more components or devices. For example,
persistent storage 908 may be a hard drive, a flash
memory, a rewritable optical disk, a rewritable magnetic
tape, or some combination of the above. The media used
by persistent storage %08 also may be removable. Fox
example, a removable hard drive may be used for
persistent storage 9208,

[6097] Communications unit 910, in these examples,
provides for communicationg with other data processing
gystemg or devices. In these exawples, communications
unit 910 is a network interface card. Communications
unit 210 may provide comwmunications through the use of
either or both physical and wireless communications
links.

[0088] ~ Imput/output unit %12 allows for input and
output of data with other devices that may be connected
to data processing system 900. For example, input/output
unit 912 may provide a connection for user input through
a keyboard, a wouse, and/or some other suiltable input
device. Further, input/output unit 912 may send output
to a printer. Display 914 provides a mechanism to
display information to a user.

[0099] Instructions for the operating system,
applications, and/or programs may be located in storage
devices 916, which are in communication with processor
unit 204 through communications fabric %02, In these
illustrative exampleg, the instructions are in a
functional form on persistent storage 908. These
instructions may be loaded into memory %06 for execution
by procegscr unit 904. The processes of the different

embodiments may be performed by processor unit 904 using
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computer-implemented instructions, which may be located
in a memory, such as wmemory 206.

001040} These instructions are referred to ag program
instructions, program code, computer usable program code,
or computer readable program code that may be read and
executed by a pfocessor in procéssor unit 904. The
program code in the different embodiments may be embodied
on different physical or computer readsble storage media,
such as memory 206 or persistent storage 908.

[00101] Program code 818 is located in a functional
form on computer readable media 920 that ig selectively
removable and may be loaded onto or transferred to data
processing system 900 for execution by processor unit
904. Program code 918 and computer readable media 920
form computer program product 9222 in these examples. In
one example, computer readable media %20 may be computer
readable storage media 924 or computer readable signal
media 926.

[00102] Computer readable storage media 924 may
include, for example, an optical or magnetic disk that is
ingerted or placed into a drive or other device that is
part of persistent storage 208 for transfer onto a
storage device, such as a hard drive, that is part of
persistent storage 9508. Computer readable storage media
924 also may take the form of a persistent storage, such
as a hard drive, a thumb drive, ox a flash memory, that
is connected to data processing system 300. In some
instances,; computer readable storage media 924 may not he
removable from data processing system 900,

[006103] In these examples, computer readable storage
media 924 ig a physical or tangible gtorage device used
to store program code 9218 rather than a wedium that
propagates or transmits program code 918. Computer

readable storage media 224 is also referred to as a
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computer readable tangible storage device or a computer
readable physical storage device. In other words,
computer readable storage wmedia 924 is 2 media that can
be touched by a person.

{00104} Alternatively, program code 918 may be
trangferred to data processing system 900 using computer
readable signal media 926. Computer readable signal
media 926 may be, for example, a propagated data signal
containing program code 918. For example, computer
readable signal media $26 may be an electromagnetic
signal, an optical signal, and/or any other suitable type
of signal. These signals may be transmitted over
comnmunications links, such as wireless communications
links, optical fiber cable, coaxial cable, a wire, and/or
any other suitable type of communications link. In other
words, the communications link and/or the conneetion may
be physidal or wirelegs in the illustrative examples.
[60105] In some illustrative embodiments, program code
518 may be downloaded over a network to persistent
storage 908 from another device or data processing system
through computer readable signal media 926 for use within
data processing system 900. For insgtance, program code
stored in a computer readable storage medium in a server
data processing system may be downloaded over a network
from the server to data processing system 900. The data
processing system providing program code 918 may be a
server computer, a c¢lient computer, or some other device
capable of gtoring and transmitting program code 918.
{00106} The different components illustrated for data
processing system 900 are not meant to provide
architectural limitations to the manner in which
different embodiments may be implemented. The different
illustrative embodiments may be implemented in a data

processing system including components in addition to or
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in place of those illustrated for data processing system
500, Other components shown in Figure 9 can be wvaried
from the illustrative examples shown. The different
embodiments may ke implemented using any hardware device
or system capable of rumning program code. As one
example, the data processing system may include organic
components integrated with inorganic compenents and/or
may be comprised entirely of organic components excluding
a huiman being. For example, a storage device may be
comprised of an organic semiconductor.

[00107] In another illustrative example, processor unit
904 may take the form of a hardware unit that has
circuits that are manufactured or configured for a
particular use. This type of hardware may perform
operations without needing program code to be loaded into
a memory from'a storage device to be configured to
perform the operations.

[00108] For example, when preccessor unit 904 takes the
form of a hardware unit, processcr unit 904 may be a
circuit system, an application specific integrated
circuit (ASIC), a programmable logic device, or sonme
other suitable type of hardware configured to perform a
number of operations. With a.programmable logic device,
the device is configured to perform the number of
operaticns. The device may be reconfigured at a later
time or may be permanently configured to perform the
number of operations. Examples of programmable logic
devices include, for example, a programmable logic array,
programmable array logic, a field preogrammable logic
array, a field programmable gate array, and other
suitable hardware devices. With this type of
implementation, program code $18 may be omitted, because
the processegs for the different embodiments are

implemented in a hardware unit.
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[00109] In still another illustrative example,
processor unit 904 may be implemented using a combination
of processors found in computers and hardware units.
Proceggor unit 904 may have a number of hardware units
and a number of processors that are configured to run
program code 918, With this depicted example, some of
the processes may be implemented in the number of
hardware units, while other processes may be implemented
in the numwber of processors.

[00110] In another example, a bus system may be used to
implement communications fabric 902 and may be comprised
of one or more buses, such as & system bus or an
input/output bus. Of course, the bus system may be
implemented using any suitable type of architecture that
provides for a transfer of data between different
components or devices attached to the bus system.

{ool11] Additionally, communications unit 910 may
include z number of devicegs that transmit data, recgilve
data, or transmit and receive data. Communications unit
910 may bhe, for example, a modem or a network adapter,
two network adapters, or some combination thereof.
Ffurther, a memory may be, for example, memory 806, or a
cache, such as found in an interface and memory controller
hub that may be present in communications fabric 202.
foo1izl The flowcharts and block diagrams in the
different depicted embodiments illustrate the
architecture, functionality, and operation of some
pessible implementations of apparatuses and methods in
illustrative embodiments. In this regard, each block in
the flowcharts or block diagrams may represent a module,
segment, function, and/or a portion of an operation or
step. For example, one or more of the blocks may be
implemented asg program code, in hardware, or a

combination of program code and hardware. When
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implemented in hardware, the hardware may, for example,
take the form of integrated c¢ircuits that are
mamufactured or configured to perform one or more
coperations in the flowcharts or block diagrams.

[60113] In some alternative implementations of an
illustrative embodiment, the function or functions noted
in the blocks may occur out of the order shown in the
figures. For example, in some cages, two blocks shown in
succession may be executed substantially concurrently, or
the blocks may sometimes be performed in the reverse
order, depending upon the functionality involved. Also,
other blocks may be added in addition to the blocks
illustrated in a flowchart or block diagram.

{00114} The description of the different illustrative
embodiments has been presented for purposes of
illustration and description and is not intended to be
exhaustive or to limit the embodiments in the form
digclosed. Many modificationg and variations will be
apparent to those of orxdinary skill in the art. Further,
different illustrative embodiments may provide different
benefits as compared to other illustrative embodiments.
The embodiment or embodiments selected are chosen and
degcrilbed in order to best explain the principles of the
embodiments, the practical application, and to enable
others of ordinary skill in the art to understand the
disclosure for various embodiments with various
modifications as are suited to the particular use

contemplated.
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CLAIMS:
What isg claimed ig:

1. 3 method of turning an aircraft for interval
management, comprising:y

recelving interval management information
identifying a desired spacing between the aircraft and a
target ailxcraft;

determining turn information using a performance
gain factor, wherein the turn information identifies a
turn point for the aircraft and the performance gain
factor identifies a desired portion of achieving the
desired spacing due to turning the aircraft at the turn
point and a degired portion of achieving the desired
spacing due to changing speed of the aircraft;

wherein determining the turn information

compriges:

detérmining.a gearch goal using the performance gain
factor;

selecting a candidate turn point along a leg of
flight of the aircraft;

evaluating the candidate turn point to determine
whether the candidate turn point satisfies the search
goal; and

identifying the candidate turn point as the turn
point in response to a determination that the candidate
turn point satigfies the search goal; and

using the turn information to turn the aircraft at
the turn peoint.

2. The method of ¢laim 1, wherein the performance gain
factor identifies a degired portion of a time for
achieving the desired spacing between the aircraft and
the target alrcraft due to turning the aircraft at the
turn point and a desired portion of the time for
achieving the desired spacing due to changing speed of
the aircraft.
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3. The method of claim 1, wherein determining the
gearch geal comprises:
determining an estimated time of arrival of the
target airxcraft at an achieve-by point; and
multiplying a sum of the desired gpacing and the
estimated time of arrival of the target aircraff at the

achieve-by point by the performance gain factor.

4. The method of claim 1, wherein selecting the
candidate turn point along the leg of flight of the
aircraft comprises:

gselecting a first candidate turn point at a minimum
distance frowm a current position of the aixcraft along
the leg of flight of the aircraft;

determining a second candidate tuxn point at a
maximum distance from the current position of the
atrcraft along the leg of flight of the aircraft using a
maximum Turn angle for the aircraft; and

selecting the candidate turn point along the leg of
flight of the alrcraft between the firgt candidate turn

point and the second candidate turn point.

5. The method of ¢laim 1, wherein selecting the
candidate turn point along the leg of flight of the
aircraft comprigses using an Eulerian method to select the

candidate turn point.
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6. The method of claim 1, wherein evaluating the
candidate turn peint comprises:

determining a first predicted spacing betwesen the
aircraft and the target aircraft at an achieve-by point
agguming that the aircraft turns at the candidate turn
point; and

determining that the candidate turn point satisfies
the search goal in response to a detérmination that a
difference between the first predicted spacing and the

search goal is less than a Eirst threshold value.

7. The method of ¢laim 6, wherein evaluating the
candidate turn point further comprises:

determining a second predicted spacing between the
aircraft and the target aircraft at an intercept point
assuming that the aireraft turns at the candidate turn
point; and

determining that the candidate turn point satiefies
the search goal in response to a determination that a
difference between the second predicted spacing and the

desired spacing is less than a second thresheld value.

8. The method of any one of c¢laims 1 to 7, wherein
uging the turn information to turn the aircraft at the
turn peint comprises at least one of;

displaying the turn information to an operator of
the aircraft for manually turning the aircraft by the
operator using the turn information;

manually entering the turn information inte a flight
management system for the aircraft; and

automatically providing the turn information to the
flight management system in a format for use by the
flight management system to turn the aircraft by the

flight managewent system.
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9. An apparatug, comprising:

an information receiver configured to receive
interval management information identifying a desired
spacing between an aircraft and a target aircraft;

a turn calculator configured to determine turn
Anformation using a performance gain factor, wherein the
turn information identifies a turn point for the aircraft
and the performance gain factor identifies a desired
portion of achieving the desired spacing due to turning
the aircraft at the turn point and a desired portion of
achieving the desired spacing due to changing speed of
the aircraft; wherein the turn calculator comprises:

a search goal determiner configured to determine a
search goal using the performance gain factor:

a point selector configured to sgelect a candidate
turn point along a leg of flight of the aircraft; and

a turn point evaluator configured to eévaluate the
candidate turn point to determine whether the candidate
turn point satisfies the search goal and to identify the
candidate turn point as the turn point in respohse to a
determination that the candidate turn point satisfies the
search goal; and

an information formatter configured to format the
turn information for uging the turn information Lo turn

the aircraft at the turn point.

10. The apparatus of claim 9, wherein the performance
gain factor identifies a desired porticn of a time fox
achieving the desired spacing between the aircrait and
the target aircraft due to turning the aircraft at the
turn point and a desired portion of the time for

achieving the desired spacing due to changing speed of

the aircraft.
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11. The apparatus of claim 9, wherein the gearch goal
determiner ig configured to:

determine an estimated time of arrival of the target
aircraft at an achieve-by point; and

multiply a sum of the desired spacing and the
estimated time of arrival of the target aircraft at the
achieve-by point by the performance gain factor to

determine the search goal.

12. The apparatus of ¢laim 9, wherein the point selector
iz configqured to:

select a first candidate turn peoint at a minimum
distance from a current position of the aircraft along
the leg of flight of the aircraft;

determine a second rcandidate turn point at 4 maximum
distance from the current position of the aircraft along
the leg of flight of the aircraft using a maximum turn
angle for the alrexaft; and

gelect the candidate turn point along the leyg of
flight of the &ircraft between the first candidate turn

point and the second candidate tuxrn point.

13. The apparatus of claim 9, wherein the point selector
is configured to uge an Eulerian method to Belect the
candldate turn point along the leg of flight of the

aircraft.

14. The apparatus of claim 9, wherein the turn point

evaluator ig configured to:
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determine a first predicted spacing between the
aiveraft and the target aircraft at an achieve-by point
assuming that the airceraft turnse at the candidate turn
point: and

determine that the candidate turn point satisfies
the search geal in regponse to a determination that a
difference between the first predicted spacing and the

search goal is less than a first threshold wvalue.

15. The apparatus of claim 14, wherein the turn point
evaluator is further configured to:

determine a second predicted spacing between the
aircraft and the target aircraft at an intercept point
agssuming that the aircraft turns at the candidate turn
point; and

determine that the candidate turn point satiefies
the search goal in regponse to a determination that a
difference between the second predicted spacing and the

desired spacing is less than a second threshold value.

16.. The apparatus of any one of claims 9 to 15, wherein
the information formatter is configured to format the
turn imformation for at least one ofs

displaying the turn information to an operataor of
the aircraft for manually turning the aircraft at the
turn point by the operator; and

uging the turn information by a flight management
gystem on the aircraft to turn the aircraft at the turn

point by the flight management system.

17. A method of turning an aircraft for interval
management, comprising:

determining a search goal using a desired spacing
between the alrcraft and a target aircraft wherein the

search goal usges a performance gain factor, wherein the

15



performance gain factor identifies a degired portion of
achieving the desgired spacing between the alrcraft and
the target alrcraft due to turming the airxrcraft at the
turn point and a desired portion of achieving the

desired spacing due to changing speed of the aircraft;
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selecting a candidate turn point along a leg of flight of
the aircraft;

evaluating the candidate turn point to determine
whether the candidate turn peint satisfies the searxch
goal;

identifying the candidate tuyn point as a turn point
for the aircraft in response to a determination that the
candidate turn point satisfies the search goal; and

turning the ailrcratt at the turn point.
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