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SYSTEMS AND METHODS FOR DISPLAYING IN-FLIGHT NAVIGATION
PROCEDURES

BACKGROUND

The field of the disclosure relates generally to in-flight navigation
procedures, and more specifically, to methods and system for use in displaying these
procedures in a graphical form.

In-flight navigation procedures are typically depicted on a cockpit display
or paper charts to a pilot and/or co-pilot as pre-composed and non-interactive images.
Such images typically contain relatively large quantities of information which may be
applicable to multiple procedures and multiple flight paths.

The pilot, co-pilot, and/or other personnel may be required to visually and
mentally digest and filter non-relevant information from the displayed procedures to
focus on information that applies specifically to the operational situation at hand. For
example, if the aircraft being flown is a category “C” aircraft, then information pertaining
to the category “A”, “B” and “D” aircraft is not needed by the pilot or co-pilot. As will be
appreciated, this can significantly add to the cognitive workload of the pilot and/or co-
pilot during normal flight operations and/or when performing a flight maneuver, such as
a landing approach, in the aircraft.

Even within digital Electronic Flight Bag (EFB) devices, at least some
known chart displays do not allow real-time user interaction to filter information, to alter
displayed data, or to use real-time and current operational parameters to declutter
displayed procedures automatically and dynamically. Thus, such charts still require
users to cognitively filter out a relatively large amount of information that is not pertinent

to the instant situation.

BRIEF DESCRIPTION

In one aspect, a computing device for displaying procedures for an aircraft
is provided. The computing device includes a presentation interface, a user input
interface, and a processing device coupled to the presentation interface and to the user
input interface. The processing device is configured to cause the presentation interface

to display an initial procedure display, and in response to a triggering event, cause the
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presentation interface to display an adjusted procedure display that emphasizes a
predetermined portion of a procedure.

In another aspect, a processing device for displaying procedures for an
aircraft is provided. The processing device is configured to display an initial procedure
display on a presentation interface, detect a triggering event, and in response to the
detected triggering event, display an adjusted procedure display that emphasizes a
predetermined portion of a procedure on the presentation interface.

In yet another aspect, a method for displaying procedures for an aircraft is
provided. The method includes displaying, on a presentation interface, an initial
procedure display, detecting, at a processing device coupled to the presentation
interface, a triggering event, and displaying, in response to the detected triggering
event, an adjusted procedure display on the presentation interface, wherein the
adjusted procedure display emphasizes a predetermined portion of a procedure.

The features, functions, and advantages that have been discussed can be
achieved independently in various implementations or may be combined in yet other
implementations, further details of which can be seen with reference to the following

description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an exemplary computing device.

Fig. 2 is an initial procedure display that may be displayed using the
computing device shown in Fig. 1.

Fig. 3 is an adjusted procedure display that may be displayed using the
computing device shown in Fig. 1.

Fig. 4 is a flowchart of an exemplary method for displaying aircraft
procedures.

Fig. 5 is an exemplary process flow diagram that may be implemented

using the computing device shown in Fig. 1.

DETAILED DESCRIPTION
The systems and methods described herein enable displaying an initial
procedure display and an adjusted procedure display. The adjusted procedure display

emphasizes a predetermined portion of a procedure, and is displayed in response to a
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triggering event. The procedure may be emphasized by modifying the scaling and/or
modifying the information shown relative to the initial procedure display. By
emphasizing a predetermined portion of the procedure element such as a segment,
phase, or flight path of the procedure, the systems and methods described herein aide a
user in viewing and comprehending the displayed procedure.

Exemplary technical effects of the methods and systems described herein
include at least one of (a) displaying an initial procedure display; (b) detecting a
triggering event; and (c) displaying, in response to the detected triggering event, an
adjusted procedure display, wherein the adjusted procedure display emphasizes a
predetermined portion of the procedure.

Fig. 1 is a block diagram of an exemplary computing device 100 for use in
displaying one or more procedures for an aircraft (not shown). As described in more
detail below, computing device 100 dynamically displays the one or more procedures.
Charts or informational displays form a graphical depiction of a navigation procedure or
intended route of flight for an aircraft. Notably, as used herein, procedures are separate
and distinct from aircraft navigational displays. In general, procedures include more
additional, comprehensive information as compared to general aircraft navigational
displays. Further, organizations such as the Federal Aviation Administration (FAA)
typically require pilots to file and carry a flight plan for all flights conducted under
Instrument Flight Rules (IFR), and these flight plans include a plurality of procedures
and all related information.

In the exemplary implementation, computing device 100 displays a missed
approach procedure. While a missed approach procedure is discussed in detail herein,
computing device 100 may display any suitable segment, phase, or flight path of an
arrival, departure and/or approach procedure, including, but not limited to procedures
that are part of a standard instrument departure (SID) or standard terminal arrival route
(STAR). For example, in one implementation, computing device 100 displays multiple
approach segments including an initial approach, an intermediate, and a final approach
segment of an approach procedure.

In the exemplary implementation, computing device 100 is part of an
electronic flight bag (EFB) that displays procedures for one or more pilots onboard an
aircraft. Alternatively, computing device 100 may display procedures for other users,

including, for example, air traffic control operators.
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Computing device 100 includes at least one memory device 110 and a
processor 115 that is coupled to memory device 110 for executing instructions. In some
implementations, executable instructions are stored in memory device 110. In the
exemplary implementation, computing device 100 performs one or more operations
described herein by programming processor 115. For example, processor 115 may be
programmed by encoding an operation as one or more executable instructions and by
providing the executable instructions in memory device 110.

Processor 115 may include one or more processing units (e.g., in a multi-
core configuration). Further, processor 115 may be implemented using one or more
heterogeneous processor systems in which a main processor is present with secondary
processors on a single chip. As another illustrative example, processor 115 may be a
symmetric multi-processor system containing multiple processors of the same type.
Further, processor 115 may be implemented using any suitable programmable circuit
including one or more systems and microcontrollers, microprocessors, reduced
instruction set circuits (RISC), application specific integrated circuits (ASIC),
programmable logic circuits, field programmable gate arrays (FPGA), and any other
circuit capable of executing the functions described herein. Processor 115 controls the
display of the one or more procedures on computing device 100, as described in detail
herein.

In the exemplary implementation, memory device 110 is one or more
devices that enable information such as executable instructions and/or other data to be
stored and retrieved. Memory device 110 may include one or more computer readable
media, such as, without limitation, dynamic random access memory (DRAM), static
random access memory (SRAM), a solid state disk, and/or a hard disk. Memory device
110 may be configured to store, without limitation, application source code, application
object code, source code portions of interest, object code portions of interest,
configuration data, execution events and/or any other type of data.

In the exemplary implementation, computing device 100 includes a
presentation interface 120 that is coupled to processor 115. Presentation interface 120
presents information, such as procedures, to a user 125. For example, presentation
interface 120 may include a display adapter (not shown) that may be coupled to a
display device, such as a cathode ray tube (CRT), a liquid crystal display (LCD), an

organic LED (OLED) display, and/or an ‘“electronic ink” display. In some
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implementations, presentation interface 120 includes one or more display devices. In
the exemplary implementation, presentation interface 120 displays one or more
procedures. User 125 may include a pilot, dispatch operator, air traffic control operator,
and/or other users involved in the flight of the aircraft.

In the exemplary implementation, computing device 100 includes a user
input interface 135 that is coupled to processor 115 and receives input from user 125.
User input interface 135 may include, for example, a keyboard, a pointing device, a
mouse, a stylus, a touch sensitive panel (e.g., a touch pad or a touch screen), a
gyroscope, an accelerometer, a position detector, and/or an audio user input interface.
A single component, such as a touch screen, may function as both a display device of
presentation interface 120 and user input interface 135.

In the exemplary implementation, computing device 100 includes a
communication interface 140 coupled to processor 115. Communication interface 140
communicates with one or more remote devices. To communicate with remote devices,
communication interface 140 may include, for example, a wired network adapter, a
wireless network adapter, and/or a mobile telecommunications adapter.

Fig. 2 is an exemplary initial procedure display 200 for approach
procedures. Initial procedure display 200 is displayed on presentation interface 120 by
processor 115 (both shown in Fig. 1). In the exemplary implementation, initial
procedure display 200 includes a briefing strip 202 and an overhead view 204 (also
referred to as a planview). Moreover, in the exemplary implementation, initial procedure
display 200 includes information for one or more procedures or segments of a given
procedure. Briefing strip 202 includes textual information pertinent to the procedure(s),
including limits, restrictions, and equipment notes 205 communications information 206,
altimetry information 208, final approach information 210, lowest descent limit
information 212, landing runway information 214, missed approach information 216, and
minimum safe altitude information 218, in the exemplary implementation.

Overhead view 204, as shown in Fig. 2, includes information for a plurality
of procedures or segments, phases, or flight paths of procedures (e.g., initial approach,
intermediate approach, final approach, and missed approach). Such information
includes, for example, waypoints 220, holding patterns 222, and airports 224.
Overhead view 204 also includes a missed approach procedure (i.e., transition or

segment) section 230 that includes information related to the missed approach
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procedure (i.e., the procedure implemented when an aircraft flies a final approach
procedure but aborts landing).

Fig. 3 is an adjusted procedure display 300 that emphasizes a
predetermined portion of a procedure, as compared to initial procedure display 200. In
the exemplary implementation, adjusted procedure display 300 emphasizes the missed
approach procedure. Alternatively, adjusted procedure display 300 may emphasize any
suitable procedure.

As compared with initial procedure display 200 (shown in Fig. 2), adjusted
procedure display 300 includes less information than initial procedure display 200.
Specifically, in the exemplary implementation, while missed approach section 230 is still
displayed in overhead view 204, other information that is not associated with the missed
approach procedure is not displayed in adjusted procedure display 300. Excluding
information that is extraneous to the procedure (i.e., the missed approach procedure in
the exemplary implementation) is also referred to herein as decluttering the procedure
display. Accordingly, adjusted procedure display 300 is decluttered relative to initial
procedure display 200.

In the exemplary implementation, processor 115 also dynamically scales
overhead view 204 to focus on missed approach section 230 in adjusted procedure
display 300. That is, to aid user 125, missed approach section 230 is resized and
centered in overhead view 204 of adjusted procedure display 300, as compared to initial
procedure display 200. Overhead view 204 is scaled to optimize presentation of the
displayed procedure for user 125. Adjusted procedure display 300 also includes a
profile display portion 310 in the exemplary implementation. In Fig. 3, profile display
portion 310 includes a vertical profile of the missed approach procedure.

The display of briefing strip 202 also changes from initial procedure
display 200 to adjusted procedure display 300. In the exemplary implementation, as
shown in Fig. 3, communications information 206, altimetry information 208, final
approach information 210, lowest descent limit information 212, and landing runway
information 214 are hidden. Missed approach information 216 and minimum safe
altitude information 218, which are both pertinent to the missed approach procedure,
remain visible in adjusted procedure display 300.

Presentation interface 120 switches from displaying initial procedure

display 200 to displaying adjusted procedure display 300 in response to a triggering
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event. The triggering event may be automatically and/or manually initiated, as
described herein.

In the exemplary implementation, using, for example, communication
interface 140 (shown in Fig. 1), computing device 100 is in communication with a
position sensor onboard the aircraft. The position sensor may include, for example, a
global positioning system (GPS) sensor or an inertial navigation sensor. By
communicating with the position sensor, processor 115 may detect the triggering event
based on the position, trajectory, and/or attitude of the aircraft. For example, processor
115 may instruct presentation interface 120 to switch to displaying adjusted procedure
display 300 when processor 115 determines, based on a position, trajectory, and/or
attitude of the aircraft, that the aircraft has missed the final approach (i.e., aborted
landing).

The triggering event may also be initiated manually by user 125. In the
exemplary implementation, user 125 may use user input interface 135 (shown in Fig. 1)
to advance the displayed image from initial procedure display 200 to adjusted procedure
display 300 by, for example, pressing a button or selecting an icon. In some
implementations, user input interface 135 has one or more inputs to select particular
displays. For example, user input interface 135 may have a missed approach button
(not shown) that, when selected, causes presentation interface 120 to display adjusted
procedure display 300 for the missed approach procedure.

Notably, adjusted procedure display 300 is modifiable by user 125. That
is, although adjusted procedure display 300 attempts to optimize presentation of the
procedure shown, user 125 can still adjust one or more display parameters (e.g., scale,
location, particular information displayed, etc.) on presentation interface 120 using user
input interface 135. Accordingly, computing device 100 attempts to optimize the
presentation of the displayed procedure, but does not impair the ability of user 125 to
modify the display.

In the exemplary implementation, computing device 100 displays initial
procedure display 200 and adjusted procedure display 300 in-flight (i.e., while the
aircraft is in operation). Alternatively, computing device 100 may display initial
procedure display 200 and adjusted procedure display 300 when the aircraft is not in

operation. For example, user 125 can brief or familiarize for a future flight by viewing
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initial procedure display 200 and/or adjusted procedure display 300 prior to the actual
flight.

Fig. 4 is a flowchart of an exemplary method 400 for displaying
procedures for an aircraft. Method 400 may be implemented using a computing device,
such as computing device 100 (shown in Fig. 1). An initial procedure display, such as
initial procedure display 200 (shown in Fig. 2) is displayed 402 on a presentation
interface, such as presentation interface 120 (shown in Fig. 1). A triggering event is
detected 404 by a processing device coupled to the presentation interface. Processing
device may be, for example, processor 115 (shown in Fig. 1). In response to the
detected triggering event, an adjusted procedure display, such as adjusted procedure
display 300 (shown in Fig. 3), is displayed 406 on the presentation interface. The
adjusted procedure display emphasizes a predetermined portion of a procedure. For
example, the adjusted procedure display may emphasize a missed approach
procedure.

Fig. 5 is an exemplary process flow diagram 500 that may be implemented
using a computing device, such as computing device 100 (shown in Fig. 1). An in-flight
navigation procedure view generator 502 controls display of the predetermined portion
of the procedure on a display unit 504 using a graphic engine 506, in accordance with
the implementations described herein. In the exemplary implementation, in-flight
navigation procedure view generator 502 is part of processor 115 (shown in Fig. 1), and
display unit 504 and graphic engine 506 are part of presentation interface 120 (shown in
Fig. 1).

User input is received at a pilot input device 510 and processed by a user
input/gesture processor 512. Pilot input device 510 is part of user input interface 135
(shown in Fig. 1), and user input/gesture processor 512 is part of processor 115 in the
exemplary implementation. In-flight navigation procedure view generator 502 uses
information stored in a navigation database 514 and/or a chart extension database 516
to display the predetermined portion of the procedure. Navigation database 514 and
chart extension database 516 may be stored in, for example, memory device 110
(shown in Fig. 1).

In-flight navigation procedure view generator 502 also receives
information from additional sources using, for example, communication interface 140

(shown in Fig. 1). In the exemplary implementation, in-flight navigation procedure view
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generator 502 receives flight configuration data 520 based on a briefing package 522
with a flight plan, and receives aircraft configuration data 524 and position, phase, and
flight management system data 526 from an aircraft bus 528. Alternatively, in-flight
navigation procedure view generator 502 may receive information from any source that
enables in-flight navigation procedure view generator 502 to control display of the
predetermined portion of the procedure.

The implementations described herein enable displaying an initial
procedure display and an adjusted procedure display. The adjusted procedure display
emphasizes a predetermined portion of a procedure, and is displayed in response to a
triggering event. The procedure may be emphasized by modifying the scaling and/or
modifying the information shown relative to the initial procedure display. By
emphasizing the predetermined portion of a procedure, the systems and methods
described herein aide a user in viewing and comprehending the displayed procedure,
substantially eliminating a need for the user to modify the display of the procedure
manually.

As compared to at least some known displays, the systems and methods
described herein facilitate enhancing user viewing and understanding of displayed
procedures. Specifically, unlike at least some known displays, the systems and
methods described herein display an adjusted procedure display that includes an
adjusted scale. Further, unlike at least some known displays, the adjusted procedure
display excludes information that is extraneous to a predetermined segment, phase, or
flight path of the procedure, decluttering the display for users. Moreover, unlike at least
some known displays, the methods and systems described herein enable switching
from an initial procedure display to an adjusted procedure display in response to a
triggering event.

The implementations described herein may utilize executable instructions
embodied in a non-transitory computer readable medium, including, without limitation, a
storage device or a memory area of a computing device. Such instructions, when
executed by one or more processors, cause the processor(s) to perform at least a
portion of the methods described herein. As used herein, a "storage device" is a
tangible article, such as a hard drive, a solid state memory device, and/or an optical disk

that is operable to store data.
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Although specific features of various implementations of the disclosure
may be shown in some drawings and not in others, this is for convenience only. In
accordance with the principles of the disclosure, any feature of a drawing may be
referenced and/or claimed in combination with any feature of any other drawing.

This  written description uses examples to disclose various
implementations, which include the best mode, to enable any person skilled in the art to
practice those implementations, including making and using any devices or systems
and performing any incorporated methods. The patentable scope is defined by the
claims, and may include other examples that occur to those skilled in the art. Such
other examples are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal language of

the claims.
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WHAT IS CLAIMED IS:

1. A computing device (100) for displaying procedures for an aircraft, said
computing device (100) comprising:

a presentation interface (120);

a user input interface (135); and

a processing device (115) coupled to said presentation interface (120) and
to said user input interface (135), said processing device (115) configured to:

cause said presentation interface (120) to display an initial procedure
display (200); and

in response to a triggering event, cause said presentation interface (120)
to display an adjusted procedure display (300) that emphasizes a predetermined portion

of a procedure.

2. A computing device (100) in accordance with Claim 1, wherein the
triggering event is initiated based on at least one of a position, trajectory, or attitude of

the aircraft.

3. A computing device (100) in accordance with Claim 2, further
comprising a communication interface (140) coupled to said processing device (115)
and configured to communicate with a position sensor to determine the position of the

aircraft.

4. A computing device (100) in accordance with Claim 1, wherein the
triggering event is initiated in response to an input received at said user input interface
(135).

5. A computing device in accordance with Claim 1, wherein said
processing device (115) is further configured to modify, in response to an input received
at said user input interface (135), at least one display parameter of the initial procedure

display (200) and the adjusted procedure display (300.
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6. A computing device (100) in accordance with Claim 1, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by including a profile view (310) of the predetermined portion of the

procedure.

7. A computing device (100) in accordance with Claim 1, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by adjusting a scale of an overhead view (204) relative to the initial

procedure display (200).

8. A computing device (100) in accordance with Claim 1, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by excluding information included in the initial procedure display (200) that is

extraneous to the predetermined portion of the procedure.

9. A computing device (100) in accordance with Claim 1, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by modifying information displayed on a briefing strip (202) relative to the

initial procedure display (200).

10. A computing device (100) for displaying procedures for an aircraft,
said computing device (100) configured to:

display (402) an initial procedure display (200) on a presentation interface
(120);

detect (404) a triggering event; and

in response to the detected triggering event, display (406) an adjusted
procedure display (300) that emphasizes a predetermined portion of a procedure on the

presentation interface (120).
11. A computing device (100) in accordance with Claim 10, wherein said

computing device (100) is configured to detect the triggering event based on at least

one of a position, trajectory, or attitude of the aircraft.
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12. A computing device (100) in accordance with Claim 11, wherein said
computing device (100) is configured to detect the triggering event by communicating

with a position sensor that determines the position of the aircraft.

13. A computing device (100) in accordance with Claim 10, wherein said
computing device (100) is configured to detect the triggering event in response to an

input received at a user input interface (135) coupled to said computing device (100).

14. A computing device (100) in accordance with Claim 10, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by adjusting a scale of an overhead view (204) relative to the initial

procedure display (200).

15. A computing device (100) in accordance with Claim 10, wherein the
adjusted procedure display (300) emphasizes the predetermined portion of the
procedure by excluding information included in the initial procedure display (200) that is

extraneous to the predetermined portion of the procedure.

16. A method for displaying procedures for an aircraft, said method
comprising:

displaying (402), on a presentation interface (120), an initial procedure
display (200);

detecting (404), at a processing device (115) coupled to the presentation
interface (120), a triggering event; and

displaying (406) , in response to the detected triggering event, an adjusted
procedure display (300) on the presentation interface (120), wherein the adjusted

procedure display (300) emphasizes a predetermined portion of a procedure.
17. A method in accordance with Claim 16, wherein displaying an

adjusted procedure display (300) comprises displaying an adjusted procedure display

(300) that includes a profile view (310) of the predetermined portion of the procedure.
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18. A method in accordance with Claim 16, wherein displaying an
adjusted procedure display (300) comprises displaying an adjusted procedure display
(300) that has an adjusted scale of an overhead view (204) relative to the initial

procedure display (200).

19. A method in accordance with Claim 16, wherein displaying an
adjusted procedure display (300) comprises displaying an adjusted procedure display
(300) that excludes information included in the initial procedure display that is

extraneous to the predetermined portion of the procedure.

20. A method in accordance with Claim 16, wherein displaying an
adjusted procedure display (300) comprises displaying an adjusted procedure display
(300) that modifies information displayed on a briefing strip (202) relative to the initial
procedure display (200).
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