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(54) SYSTEM AND METHOD FOR PROVIDING AIRCRAFT LATERAL NAVIGATION CAPABILITY 
FEEDBACK TO A PILOT

(57) A system method for providing aircraft lateral
navigation system capability feedback to a pilot includes
determining, in a processor, when a flight plan has been
received that includes a flight leg that needs to be cap-
tured by the aircraft. A determination is made, in the proc-
essor, when an armed signal has been received, where
the armed signal indicating that an aircraft autopilot nav-

igation mode (NAV) has been armed. The processor is
used to command a display device to render the flight
leg using a first display paradigm when the armed signal
has not been received, and to render the flight leg using
a second display paradigm when the armed signal has
been received.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to pro-
viding feedback to aircraft pilots, and more particularly
relates to systems and methods for providing multisen-
sory and visualization aircraft lateral navigation capability
feedback to pilots.

BACKGROUND

[0002] Numerous aircraft avionic systems, such as au-
topilot and flight management systems (FMS), are re-
plete with numerous operational modes. The permuta-
tions of these operational modes can cause uncertainty
as to what these systems are presently doing, what these
systems may do next (including when and where), and
what these systems will not do, and why. To assist in
alleviating this uncertainty, most aircraft include a display
called the Flight Mode Annunciator (FMA).
[0003] The basic functionality of the FMA has not
changed in over 50 years. Indeed, many current cockpit
computer displays simply mimic incandescent lamps of
the past. For complex path management in the modern
National Airspace System (NAS), the FMA may not re-
veal enough information, quickly enough, to ensure pilots
do not make a path error. Moreover, the FMA design
does not naturally communicate what aircraft systems
will NOT do. This can cause errors of omission, which
can result in operational deviations, because the system
didn’t do (or communicate about) something it half-knew
it was supposed to do. For instance, in modern commer-
cial aircraft, the likelihood of missing a descent target is
increased when pilots partially arm, but fail to fully arm,
a vertical navigation (VNAV) mode.
[0004] Consider, for example, a lateral transition,
where an aircraft is on a vector (e.g., heading mode or
track mode), but wishes to intercept a flight leg in a flight
plan, such as a final approach course. Presently, it can
be unclear, just from looking at the lateral map rendered
on the display, whether the aircraft will actually capture
the flight leg. To confirm the aircraft will capture, the pilot
must also look at the FMA. The FMA, however, only con-
veys textual information that a mode is armed, but pro-
vides no information regarding mode capture (e.g.,
where, when, if, or why). Thus, current flight decks do
not communicate the armed and active states of lateral
modes in a telling, easily understood manner that is read-
ily available to the pilot.
[0005] Hence, there is a need for a system and method
of providing aircraft lateral navigation capability feedback
to aircraft pilots in a telling, easily understood manner
that is readily available to the pilot. The present invention
addresses at least this need.

BRIEF SUMMARY

[0006] This summary is provided to describe select
concepts in a simplified form that are further described
in the Detailed Description. This summary is not intended
to identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in deter-
mining the scope of the claimed subject matter.
[0007] In one embodiment, a system for providing air-
craft lateral navigation system capability feedback to a
pilot includes a display device and a processor. The dis-
play device is configured to render images. The proces-
sor is in operable communication with the display device,
and is coupled to receive a flight plan that includes a flight
leg that needs to be captured by the aircraft. The proc-
essor is further coupled to selectively receive an armed
signal indicating that an aircraft autopilot navigation
mode (NAV) has been armed. The processor is config-
ured to command the display device to render a lateral
map image that includes at least a portion of the flight
leg that needs to be captured, and is further configured
to: (i) determine when the armed signal has been re-
ceived, (ii) command the display device to render the
flight leg using a first display paradigm when the armed
signal has not been received, and (iii) command the dis-
play device to render the flight leg using a second display
paradigm when the armed signal has been received.
[0008] In another embodiment, a method for providing
aircraft lateral navigation system capability feedback to
a pilot includes determining, in a processor, when a flight
plan has been received that includes a flight leg that
needs to be captured by the aircraft. A determination is
made, in the processor, when an armed signal has been
received, where the armed signal indicating that an air-
craft autopilot navigation mode (NAV) has been armed.
The processor is used to command a display device to
render the flight leg using a first display paradigm when
the armed signal has not been received, and to render
the flight leg using a second display paradigm when the
armed signal has been received.
[0009] In yet another embodiment, a system for pro-
viding aircraft lateral navigation system capability feed-
back to a pilot includes a display device and a processor.
The display device is configured to render images. The
processor is in operable communication with the display
device, and is coupled to receive a flight plan that includes
a flight leg that needs to be captured by the aircraft. The
processor is further coupled to selectively receive an
armed signal indicating that an aircraft autopilot naviga-
tion mode (NAV) has been armed. The processor is con-
figured to command the display device to render a lateral
map image that includes at least a portion of the flight
leg that needs to be captured, and is further configured
to: (i) command the display device to render an aircraft
icon at a position on the lateral map that corresponds to
current aircraft lateral position, the rendered aircraft icon
oriented to indicate direction of travel of the aircraft, (ii)
command the display device to render a trajectory line
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graphic extending from the aircraft icon in the direction
of travel, (iii) determine when the armed signal has been
received, (iv) command the display device to render the
flight leg using a first display paradigm when the armed
signal has not been received, and (v) command the dis-
play device to render the flight leg using a second display
paradigm when the armed signal has been received.
[0010] Furthermore, other desirable features and char-
acteristics of the aircraft lateral navigation capability feed-
back system and method will become apparent from the
subsequent detailed description and the appended
claims, taken in conjunction with the accompanying
drawings and the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 is a functional block diagram of one embodi-
ment of an aircraft system for providing aircraft lateral
navigation system capability feedback to a pilot;

FIG. 2 depicts a process, in flowchart form, that may
be implemented in the system of FIG. 1 for providing
aircraft lateral navigation system capability feed-
back; and

FIGS. 3-6 graphically depict one instantiation of the
process of FIG. 2 that may be implemented by the
system of FIG. 1; and

FIGS. 7 and 8 depict another instantiation of the proc-
ess of FIG. 2 that may be implemented by the system
of FIG. 1.

DETAILED DESCRIPTION

[0012] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0013] Referring first to FIG. 1, a functional block dia-
gram of one embodiment of an aircraft system 100 for
providing aircraft lateral navigation system capability
feedback to a pilot is depicted, and includes a display

device 102, an automatic pilot (autopilot) 104, and a proc-
essor 106. The display device 102 is configured, in re-
sponse to image rendering display commands received
from the processor 106, to render various types of imag-
es. Some of the images the display device 102 renders
will be described in more detail further below.
[0014] The display device 102 may vary in configura-
tion and implementation. For example, the display device
102 may be configured as any one of numerous types of
aircraft avionics displays including, but not limited to, a
multi-function display (MFD), a primary flight display
(PFD), or a horizontal situation indictor (HSI), just to name
a few. Moreover, the display device may be implemented
using any one of numerous types of display technologies
including, but not limited to, various cathode ray tube
(CRT) displays, various liquid crystal displays (LCDs),
various light emitting diode (LED) displays, various plas-
ma displays, various head down displays (HDDs), vari-
ous projection displays, and various head up displays
(HUDs), just to name a few.
[0015] The autopilot 104, when it is engaged, is re-
sponsive to guidance commands to generate suitable
actuator commands that function to control the flight char-
acteristics of the aircraft via various non-illustrated actu-
ators. The guidance commands, as will be described fur-
ther below, may be supplied from, for example, a flight
management system (FMS). Before proceeding further,
it is noted that the depicted autopilot 104 also implements
the functionality of a flight director, which, as is generally
known, may also provide the guidance commands. In
other embodiments, the flight director may be implement-
ed separate from the autopilot.
[0016] As FIG. 1 further depicts, the autopilot 104 may
be operated in any one of numerous modes. The number
and types of autopilot modes may vary, depending, for
example, on the particular autopilot 104. The modes,
which in some embodiments may be selected via a non-
illustrated mode control panel (MCP), include at least a
HDG (heading) mode, a TRK (track) mode, and a NAV
(navigation) mode, each of which will be briefly de-
scribed. Before doing so, however, it will be appreciated
that most autopilots 104 will include additional operation-
al modes. However, a description of these additional
modes is not needed to enable the embodiments de-
scribed herein. Thus, the descriptions and depictions of
these additional modes are not included. Moreover, it will
be appreciated that the NAV mode, as used herein, in-
cludes NAV (lateral navigation), RNP (required naviga-
tion performance), and any other mode that will capture
a planned lateral path, be it ground-based NAV, RNAV,
straight, or curved.
[0017] In the HDG mode, the autopilot 104 will point
the aircraft in a preset heading and maintain that heading.
In the TRK mode, the autopilot 104 uses, for example,
global positioning system (GPS) to maintain the ground
track of the aircraft on a straight line toward preset head-
ing. As is generally known, if there is a crosswind while
in the HDG mode, the aircraft ground track will drift with
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the crosswind. Conversely, if there is a crosswind while
in the TRK mode, the autopilot 104 will adjust the aircraft
heading to maintain a straight line over the ground. In
the NAV mode, the autopilot controls the lateral naviga-
tion of the aircraft to fly and/or capture, for example, a
preset flight plan that has been set, for example, in the
FMS.
[0018] Before proceeding further, it should be noted
that although the autopilot 104 is, for clarity and ease of
depiction, illustrated as being implemented separate
from the processor 106. It will be appreciated that the
autopilot 104 functionality may, in some embodiments,
be implemented in the processor 106.
[0019] The processor 106 is in operable communica-
tion with the display device 102 and the autopilot 104.
The processor 106 is coupled to receive various signals
from the autopilot 104. These signals include, for exam-
ple, an autopilot mode signal, which indicates an active
mode of the autopilot, and an autopilot armed signal,
which indicates an autopilot mode is armed and ready to
become the active mode when the logic for its activation
is met. The processor 106 is configured, in response to
the received signals, to, among other functions, provide
aircraft lateral navigation system capability feedback.
The aircraft lateral navigation system capability feedback
function will be described in more detail momentarily. Be-
fore doing so, however, it should be understood that al-
though the processor 106 is depicted in FIG. 1 using a
single functional block, the exemplary embodiments are
not so limited. Indeed, in some embodiments the proc-
essor 106 may be implemented using a plurality of proc-
essors, components, or subcomponents of various sys-
tems located either onboard or external to an aircraft.
The processor 106 may be implemented using any one
(or a plurality) of numerous known general-purpose mi-
croprocessors or application specific processor(s) that
operate in response to program instructions. The proc-
essor 106 may also be implemented using various other
circuits, not just a programmable processor. For exam-
ple, digital logic circuits and analog signal processing cir-
cuits could also be used. In this respect, the processor
106 may include or cooperate with any number of soft-
ware programs or instructions designed to carry out var-
ious methods, process tasks, calculations, and con-
trol/display functions described herein. Furthermore, the
systems and methods described herein are not limited
to manned aircraft and can also be implemented for other
types of vehicles, such as, for example, spacecraft or
unmanned vehicles.
[0020] In the depicted embodiment, the processor 106
is configured to implement a flight management system
(FMS) 110. It will be appreciated, however, that the proc-
essor 106 may additionally be configured to implement
any one of numerous other functions in an aircraft. For
example, and as already mentioned, the processor 106
may be configured to implement the autopilot 104 func-
tionality. As is generally known, and as FIG. 1 further
depicts, the FMS 110 may include a navigation system

120 and a guidance system 130. An FMS 110, as is gen-
erally known, is configured to perform a wide variety of
in-flight tasks during operation of an aircraft. These tasks
include aircraft navigation and guidance, which are im-
plemented, at least in the depicted embodiment, by the
navigation system 120 and the guidance system 130,
respectively. Although not specifically shown, the FMS
110 may additionally include a database with any ele-
ments necessary for the operation of the aircraft and the
creation and implementation of a flight plan, including
waypoints, airports, terrain information and applicable
flight rules. Moreover, at least in some embodiments, the
previously mentioned non-depicted MCP may be used
to set and arm guidance targets.
[0021] The navigation system 120 determines the cur-
rent kinematic state of the aircraft. As such, in the exem-
plary embodiment, the navigation system 120 includes
any suitable position and direction determination devic-
es, such as an inertial reference system (IRS), an air-
data heading reference system (AHRS), radio navigation
aids, or a global navigation satellite system (GNSS). For
example, the navigation system 120 provides at least the
current position and velocity of the aircraft to the guidance
system 130. Other navigation information may include
the current heading, current course, current track, alti-
tude, pitch, path, and any desired flight information.
[0022] The guidance system 130 uses various flight
and engine models and algorithms to construct lateral
and vertical profiles for various segments that make up
a flight plan based on navigation information received
from the navigation system 120 (e.g., the current position
and velocity) and inputs from the pilot or other source
(e.g., the desired destination). As examples, the guid-
ance system 130 may generate the flight plan based on
considerations for timing, position, altitude, speed tar-
gets, and fuel economy. The guidance system 130 may
also consider aircraft-specific parameters such as
weight, fuel, and atmospheric conditions. In one scenar-
io, aspects of the flight plan may be dictated by Air Traffic
Control (ATC), Federal Aviation Administration (FAA)
rules, or European Aviation Safety Agency (EASA) rules.
[0023] The flight plan may include a number of flight
legs between waypoints, each of which has an associat-
ed position, altitude, speed, and time that the aircraft is
scheduled to fly. The guidance system 130 generates,
as previously mentioned, the guidance commands that
are supplied to the autopilot system 104. For example,
the commands generated by the guidance system 130
associated with the flight plan may include pitch com-
mands, pitch rate commands, roll commands, and speed
targets that function to implement the lateral and vertical
profiles. Before proceeding further, it is noted that the
FMS 110 is particularly discussed as controlling the air-
craft to capture a flight leg of a flight plan, although the
exemplary embodiments discussed herein are equally
applicable to other flight scenarios.
[0024] As noted above, the processor 106 is config-
ured, in addition to the above-described functions, to im-
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plement a process that provides aircraft lateral navigation
system capability feedback to a pilot. The general proc-
ess 200, which is depicted in flowchart form in FIG. 2,
includes the processor 106 receiving a flight plan that
includes a flight leg that needs to be captured by the
aircraft (202). The processor 106 then determines when
the aircraft autopilot NAV mode has been armed (204)
and, based on this determination, commands the display
device 102 to render a lateral map image that includes
at least a portion of the flight leg that needs to be captured
using either a first or a second display paradigm. Specif-
ically, when the NAV mode has not been armed, the proc-
essor 106 commands the display device 102 to render
the flight leg using the first display paradigm (206), and
continues to do so until the NAV mode has been armed.
When the NAV mode has not been armed, the processor
106 commands the display device 102 to render the flight
leg using the second display paradigm (208).
[0025] It will be appreciated that the first and second
display paradigms may vary. To even more clearly de-
scribe and depict the aircraft lateral navigation system
capability feedback functionality of the system 100, and
to even more clearly describe and depict embodiments
of the first and second display paradigms, one particular
instantiation of the process depicted in FIG. 2 will now
be described. For this particular instantiation, the active
mode of the autopilot 104 is initially the TRK mode, and
the pilot wants to capture a flight leg of a flight plan and
for the active mode of the autopilot 104 to transition the
NAV mode. It will be understood by persons of skill in the
art that the depicted process is generally the same when
the active mode of the autopilot 104 is initially the HDG
mode. Slight variations associated with the HDG mode,
which are optional, will be briefly described further below.
[0026] Referring first to FIG. 3, an embodiment of an
image 300 rendered by the display device 102 is depict-
ed. The image 300, which is a lateral map, includes an
aircraft icon 302 and a trajectory line graphic 304. The
aircraft icon 302 is rendered at a position on the lateral
map 300 that corresponds to the current aircraft lateral
position, and is oriented to indicate the direction of travel
of the aircraft. The trajectory line graphic 304 extends
from the aircraft icon 302 in the direction of travel. In the
depicted embodiment, the trajectory line graphic 304 ex-
tends to the border of the display area.
[0027] The processor 106, as previously noted, is cou-
pled to receive an autopilot mode signal that indicates
the active mode of the autopilot 104. The processor 106
is configured, in response to the autopilot mode signal,
to command the display device 102 to render, adjacent
to the aircraft icon 302, a first textual icon 306 that is
representative of the active mode. As noted, for this ex-
ample the initial active mode of the autopilot 104 is the
TRK mode. As such, the first textual icon 306 is rendered
as "TRK" to indicate such.
[0028] The rendered image 300 also includes a flight
leg 308 that has been rendered using the first display
paradigm, thus clearly indicating to the pilot that the NAV

mode has not been armed. In the depicted embodiment
the first display paradigm comprises rendering the flight
leg 308 with a discontinuity 312 that is located at the
position where the aircraft will intersect the flight leg 308.
In addition to including the discontinuity 312, the flight
leg 308 is also rendered with a first, preferably degraded,
resolution, or using a first visually distinguishable graphic
format, such as stippling or other suitably distinguishable
format.
[0029] Referring now to FIG. 4, an embodiment of an
image 400 rendered by the display device 102 when the
NAV mode has been armed is depicted. The image 400
includes the aircraft icon 302, the trajectory line graphic
304, the first textual icon 306, and the flight leg 308. How-
ever, because the NAV mode has been armed, the flight
leg 308 is rendered using the second display paradigm.
In the depicted embodiment, the second display para-
digm comprises rendering the flight leg 308 without the
discontinuity 312, and with a second resolution, or sec-
ond visibly distinguishable graphic format that is different
from the first resolution or format. In the depicted embod-
iment, the portion of the flight leg 308 that is not covered
over by the trajectory line graphic 304 is rendered using
a relatively low intensity line style, and provides a refer-
ence line from the "from waypoint" (not depicted), in the
direction the aircraft will not turn.
[0030] As FIG. 4 also depicts, the rendered image 400
additionally includes a second textual icon 402. The sec-
ond textual icon 402, which is representative of the armed
mode (e.g., NAV), is rendered adjacent to where the air-
craft will capture the flight leg 308. In some embodiments,
the second textual icon 402 is also rendered using a dif-
ferent color than the first textual icon 306, at least until
the NAV mode becomes the active mode. Also, although
the trajectory line graphic 304 continues to be rendered,
a first section 404 of trajectory line graphic 308 is ren-
dered in the first color, and a second section 406 is ren-
dered in a second color that is different from the first color.
The second section 406 shows the trajectory that the
autopilot will command the aircraft to proceed along to
capture, and then fly, the remainder of the flight leg 308.
The second section 406 includes a start end 408 that
coincides with the position at which the NAV mode be-
comes active and the autopilot 104 commands the air-
craft to commence an actual turn-to-intercept maneuver.
As FIG. 4 also depicts, when NAV becomes armed, the
processor 106 also commands the display device 102 to
render a second trajectory line graphic 412 that corre-
sponds to the original direction of travel. The second tra-
jectory line graphic 412 is preferably rendered in a third
color that is different from the first and second colors.
[0031] Referring now to FIG. 5, it should be noted that
as the aircraft approaches the position where the NAV
mode becomes active, and thus where the rendered air-
craft icon 302 approaches the start end 408 of the second
section 406, the length of the first section 404 will become
smaller and smaller until, as FIG. 6 depicts, the aircraft
icon 302 reaches the start end 408 of the second section
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406. At that point, because the NAV mode is now active,
the second section 406 is no longer rendered, and the
trajectory line graphic 304 is rendered entirely in the first
color, and continues to indicate the direction of travel of
the aircraft. Also at that point, the first textual icon 308
(e.g., TRK) is no longer rendered; however, the second
textual icon 402 (e.g., NAV) is now rendered adjacent to
the aircraft icon 302.
[0032] The processor 106, in some embodiments, may
also implement additional features to provide feedback
to the pilot. For example, as FIGS. 3-6 depict, the proc-
essor 106 may additionally command the display device
102 to render a capture window 314. The capture window
314, which may be rendered as a transparent or semi-
transparent rectangle, includes an outer boundary 316
that indicates a region in which the pilot may take action
to arm the NAV mode, either by pressing the NAV button
(or interacting with another user interface) or placing the
aircraft in a configuration that will allow the NAV mode
to be armed. Although FIGS. 4-6 depict the capture win-
dow 314 continuing to be rendered after the NAV mode
is armed and active, it will be appreciated that in some
embodiments the capture window 314 is no longer ren-
dered after the NAV mode is armed. Moreover, as de-
picted in FIG. 5, in some embodiments as the aircraft
icon 302 approaches the start end 408 of the second
section 406, the first textual icon 306 will begin overlap-
ping with second textual icon 406. Though not illustrated,
thereafter the first textual icon 306 will gradually fade out
and is wholly occluded by the second textual icon 406.
[0033] It was previously noted that the process de-
scribed above is generally the same when the active
mode of the autopilot 104 is initially the HDG mode, but
that slight, though optional, variations in the manner in
which the image is rendered. One such variation will now
be described.
[0034] Referring to FIG. 7, it is seen that when the ac-
tive mode of the autopilot 104 is initially the HDG mode,
the trajectory line graphic 304 is wider than when the
active mode of the autopilot 104 is the TRK mode.
Though not depicted in FIG. 7, in the event there is a
cross wind, the trajectory line graphic may not be linear,
but may "bend" based on the strength of the cross wind.
Moreover, as FIG. 8 depicts, when NAV becomes armed,
the second trajectory line graphic 412, corresponds to
the original direction of travel, is preferably rendered in
the third color, but it too is wider than when the active
mode of the autopilot 104 is the TRK mode. Here too,
the portion of the flight leg 308 that is not covered over
by the trajectory line graphic 304 is rendered using a
relatively low intensity line style, and provides a reference
line from the "from waypoint" (not depicted), in the direc-
tion the aircraft will not turn.
[0035] The system and method described herein pro-
vides aircraft lateral navigation system capability feed-
back to aircraft pilots to thereby prevent, or at least inhibit,
latent errors of omission that may result in operational
errors.

[0036] Those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. Some of the embodiments and implementations
are described above in terms of functional and/or logical
block components (or modules) and various processing
steps. However, it should be appreciated that such block
components (or modules) may be realized by any
number of hardware, software, and/or firmware compo-
nents configured to perform the specified functions. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present invention. For
example, an embodiment of a system or a component
may employ various integrated circuit components, e.g.,
memory elements, digital signal processing elements,
logic elements, look-up tables, or the like, which may
carry out a variety of functions under the control of one
or more microprocessors or other control devices. In ad-
dition, those skilled in the art will appreciate that embod-
iments described herein are merely exemplary imple-
mentations.
[0037] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0038] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
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essor such that the processor can read information from,
and write information to, the storage medium. In the al-
ternative, the storage medium may be integral to the proc-
essor. The processor and the storage medium may re-
side in an ASIC. The ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
[0039] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless it is specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0040] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,
or in any other manner, through one or more additional
elements.
[0041] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. A system for providing aircraft lateral navigation sys-
tem capability feedback to a pilot, comprising:

a display device configured to render images;
and
a processor in operable communication with the
display device, the processor coupled to receive
a flight plan that includes a flight leg that needs

to be captured by the aircraft, the processor fur-
ther coupled to selectively receive an armed sig-
nal indicating that an aircraft autopilot lateral
navigation mode (NAV) has been armed, the
processor configured to command the display
device to render a lateral map image that in-
cludes at least a portion of the flight leg that
needs to be captured, the processor further con-
figured to:

(i) determine when the armed signal has
been received,
(ii) command the display device to render
the flight leg using a first display paradigm
when the armed signal has not been re-
ceived, and
(iii) command the display device to render
the flight leg using a second display para-
digm when the armed signal has been re-
ceived.

2. The system of claim 1, wherein:

the first display paradigm comprises rendering
the flight leg with a discontinuity located at a po-
sition where the aircraft will intersect the flight
leg, and
the second display paradigm comprises render-
ing the flight leg without the discontinuity.

3. The system of claim 2, wherein:

the first display paradigm comprises rendering
the flight leg with first resolution, and
the second display paradigm comprises render-
ing the flight leg with a second resolution that is
different from the first resolution.

4. The system of claim 1, wherein the processor is fur-
ther configured to command the display device to
render:

an aircraft icon at a position on the lateral map
that corresponds to current aircraft lateral posi-
tion, the rendered aircraft icon oriented to indi-
cate direction of travel of the aircraft; and
a trajectory line graphic extending from the air-
craft icon in the direction of travel.

5. The system of claim 4, wherein:

when the armed signal has not been received,
the trajectory line graphic is rendered in a first
color and extends through the discontinuity; and
when the armed signal has been received, the
trajectory line graphic is rendered in the first
color and a second color.

11 12 



EP 3 260 818 A1

8

5

10

15

20

25

30

35

40

45

50

55

6. The system of claim 4, wherein:

the processor is further coupled to receive an
autopilot mode signal that indicates an active
mode of the autopilot; and
the processor is further configured, in response
to the autopilot mode signal, to command the
display device to render a first textual icon ad-
jacent to the aircraft icon, the first textual icon
representative of the active mode of the autopi-
lot.

7. The system of claim 6, wherein the processor is fur-
ther configured, when the armed signal has been
received, to command the display device to render
a second textual icon adjacent to where the aircraft
will capture the flight leg.

8. The system of claim 6, wherein the processor is fur-
ther configured, at least when the armed signal has
not been received, to render a capture window ad-
jacent the flight leg, the capture window comprising
an outer boundary that indicates a region in which a
pilot may take action to arm the NAV mode.

9. A method for providing aircraft lateral navigation sys-
tem capability feedback to a pilot, the method com-
prising the steps of:

determining, in a processor, when a flight plan
has been received that includes a flight leg that
needs to be captured by the aircraft;
determining, in the processor, when an armed
signal has been received, the armed signal in-
dicating that an aircraft autopilot lateral naviga-
tion mode (NAV) has been armed;
commanding, using the processor, a display de-
vice to render the flight leg using a first display
paradigm when the armed signal has not been
received, and
commanding, using the processor, the display
device to render the flight leg using a second
display paradigm when the armed signal has
been received.

10. The method of claim 9, further comprising:

commanding, using the processor, the display
device to render an aircraft icon at a position on
the lateral map that corresponds to current air-
craft lateral position, the rendered aircraft icon
oriented to indicate direction of travel of the air-
craft; and
commanding, using the processor, the display
device to render a trajectory line graphic extend-
ing from the aircraft icon in the direction of travel.

11. The method of claim 10, wherein:

when the armed signal has not been received,
the trajectory line graphic is rendered in a first
color and extends through the discontinuity; and
when the armed signal has been received, the
trajectory line graphic is rendered in the first
color and a second color.

12. The method of claim 10, further comprising:

receiving, in the processor, an autopilot mode
signal that indicates an active mode of the au-
topilot; and
commanding, using the processor, the display
device to render a first textual icon adjacent to
the aircraft icon, the first textual icon represent-
ative of the active mode of the autopilot.

13. The method of claim 12, further comprising:

commanding, using the processor, the display
device to render a second textual icon adjacent
to where the aircraft will capture the flight leg
when the armed signal has been received.

14. The method of claim 12, further comprising:

commanding, using the processor, the display
device to render, at least when the armed signal
has not been received, a capture window adja-
cent the flight leg, the capture window compris-
ing an outer boundary that indicates a region in
which a pilot may take action to arm the NAV
mode.
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