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(54) SYSTEM AND METHOD FOR PROVIDING PRIORITIZED ALTERNATE APPROACH 
PROCEDURES

(57) A processor-implemented method in an aircraft
for automatically providing alternate approach proce-
dures is provided. The method comprises determining,
by a processor in the aircraft, that a scheduled first ap-
proach procedure with a first runway cannot be per-
formed; identifying, by the processor, a plurality of alter-
nate approach procedures for use with the first runway;
ranking, by the processor, the alternate approach proce-
dures based on changes from the first approach proce-
dure, wherein the alternate approach procedure that ex-
hibits the least amount of change from the first approach
procedure is the highest ranked alternate approach pro-
cedure; causing the ranked alternate approach proce-
dures to be displayed on a cockpit display; receiving, by
the processor, a selection of a ranked alternate approach
procedure; and activating, by the processor, the selected
approach procedure.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to ap-
proach procedures during an aircraft flight, and more par-
ticularly relates to automatically providing prioritized al-
ternate approach procedures to a flight crew during an
aircraft flight.

BACKGROUND

[0002] Many aircraft approach procedures are reliant
on the proper functioning of various aircraft systems. For
example, SBAS (satellite-based augmentation system)
functionality in the GPS receiver is needed for a LPV
(localizer performance with vertical guidance) approach
and the FMS (flight management system) is needed for
a RNP (required navigation performance) approach.
When there is a loss of functionality with a system on
which a selected approach procedure is reliant, the flight
crew must select another approach procedure. If the fail-
ure occurs in the middle of performing the approach pro-
cedure, the workload for selecting another approach pro-
cedure may be extremely high and may create a signif-
icant burden on the flight crew. Changing to another ap-
proach procedure involves taking time to choose an ap-
propriate replacement approach procedure and perform-
ing the task of selecting and activating the procedure
using a MCDU (multi-function control and display unit)
or flight plan page on a graphical display during a busy
time for a flight crew. Additionally, there is a risk that the
flight crew may not notice a system failure necessitating
a switch to another approach procedure in timely fashion.
[0003] Hence, it is desirable to provide systems and
methods for automatically detecting the need to switch
to an alternate approach procedure, automatically an-
nouncing to the flight crew alternate approach proce-
dures for the same runway, prioritizing the alternate ap-
proach procedures in a reasonable way, and providing
the flight crew with a quick way to select and activate the
appropriate procedure. Furthermore, other desirable fea-
tures and characteristics of the present invention will be-
come apparent from the subsequent detailed description
and the appended claims, taken in conjunction with the
accompanying drawings and the foregoing technical field
and background.

SUMMARY

[0004] 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.
[0005] A processor-implemented method in an aircraft
for automatically providing alternate approach proce-

dures is disclosed. The method includes determining, by
a processor in the aircraft, that a scheduled first approach
procedure with a first runway cannot be performed; iden-
tifying, by the processor, a plurality of alternate approach
procedures for use with the first runway; ranking, by the
processor, the alternate approach procedures based on
changes from the first approach procedure, wherein the
alternate approach procedure that exhibits the least
amount of change from the first approach procedure is
the highest ranked alternate approach procedure; caus-
ing the ranked alternate approach procedures to be dis-
played on a cockpit display; receiving, by the processor,
a selection of a ranked alternate approach procedure;
and activating, by the processor, the selected approach
procedure.
[0006] An approach procedure module in an aircraft is
disclosed. The approach procedure module includes one
or more processors configured by programming instruc-
tions in non-transient computer readable media. The ap-
proach procedure module is configured to: determine that
a scheduled first approach procedure with a first runway
cannot be performed; identify a plurality of alternate ap-
proach procedures for use with the first runway; rank the
alternate approach procedures based on changes from
the first approach procedure; cause the ranked alternate
approach procedures to be displayed on a cockpit dis-
play; receive a selection of a ranked alternate approach
procedure; and automatically activate the selected ap-
proach procedure.
[0007] Furthermore, other desirable features and char-
acteristics will become apparent from the subsequent de-
tailed description and the appended claims, taken in con-
junction with the accompanying drawings and the pre-
ceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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 block diagram depicting example aircraft
equipment for an example system configured to pro-
vide prioritized alternate approach procedures in an
aircraft, in accordance with some embodiments;

FIG. 2 is a process flow chart depicting an example
process in an example system configured to provide
prioritized alternate approach procedures in an air-
craft, in accordance with some embodiments;

FIG. 3 is a process flow chart depicting an example
process in aircraft equipment for automatically gen-
erating a prioritized listing of alternate approach pro-
cedures, in accordance with some embodiments;

FIG. 4 is a process flow chart depicting an example
process in aircraft equipment for automatically im-
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plementing an alternate approach procedure, in ac-
cordance with some embodiments;

FIG. 5 is a process flow chart depicting another ex-
ample process in aircraft equipment for automatical-
ly implementing an alternate approach procedure, in
accordance with some embodiments;

FIG. 6 is a process flow chart depicting another ex-
ample process in aircraft equipment for automatical-
ly implementing an alternate approach procedure, in
accordance with some embodiments;

FIG. 7 is a process flow chart depicting another ex-
ample process in aircraft equipment for automatical-
ly implementing an alternate approach procedure, in
accordance with some embodiments; and

FIG. 8 is a process flow chart depicting another ex-
ample process in aircraft equipment for automatical-
ly implementing an alternate approach procedure, in
accordance with some embodiments.

DETAILED DESCRIPTION

[0009] The following detailed description is merely ex-
emplary in nature and is not intended to limit the appli-
cation and uses. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in
the preceding technical field, background, summary, or
the following detailed description. As used herein, the
term "module" refers to any hardware, software,
firmware, electronic control component, processing log-
ic, and/or processor device, individually or in any combi-
nation, including without limitation: application specific
integrated circuit (ASIC), a field-programmable gate-ar-
ray (FPGA), an electronic circuit, a processor (shared,
dedicated, or group) and memory that executes one or
more software or firmware programs, a combinational
logic circuit, and/or other suitable components that pro-
vide the described functionality.
[0010] Embodiments of the present disclosure may be
described herein in terms of functional and/or logical
block components and various processing steps. It
should be appreciated that such block components may
be realized by any number of hardware, software, and/or
firmware components configured to perform the specified
functions. For example, an embodiment of the present
disclosure may employ various integrated circuit compo-
nents, 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 con-
trol of one or more microprocessors or other control de-
vices. In addition, those skilled in the art will appreciate
that embodiments of the present disclosure may be prac-
ticed in conjunction with any number of systems, and that
the systems described herein is merely exemplary em-
bodiments of the present disclosure.

[0011] For the sake of brevity, conventional techniques
related to signal processing, data transmission, signal-
ing, control, touchscreens, and other functional aspects
of the systems (and the individual operating components
of the systems) may not be described in detail herein.
Furthermore, the connecting lines shown in the various
figures contained herein are intended to represent ex-
ample functional relationships and/or physical couplings
between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present in an embodiment
of the present disclosure.
[0012] Described herein are systems, methods, appa-
ratus, and techniques that are configured to prioritize al-
ternate approach procedures for use with a currently se-
lected runway when a currently selected approach pro-
cedure can no longer be performed. The prioritization
can be made based on the configuration and/or status
of various aircraft systems (e.g., SBAS (satellite-based
augmentation system) availability, FMS (flight manage-
ment system) availability, ILS (instrument landing sys-
tem) availability, etc.), the extent or impact of the change
to the flight plan if an alternate approach procedure is
implemented (e.g., the course change, the distance to
the closest fix, the phase of flight, fuel consumption, flight
time, etc.), and an attribute of the procedure (e.g., MDA
(minimum descent altitude) or DH (decision height), etc.).
[0013] The systems, methods, apparatus, and tech-
niques described herein can be used to provide a flight
crew with a prioritized listing of alternate approach pro-
cedures. The alternate approach procedure with the
highest priority can be highlighted. The flight crew can
choose to select the alternate approach procedure des-
ignated as having the highest priority or may choose to
select another alternate approach procedure for use.
Once selected, the selected approach procedure may be
inserted into the flight plan automatically.
[0014] The systems, methods, apparatus, and tech-
niques described herein can generate a listing of alter-
nate approach procedures that only includes approach
procedures that are supported by the current system con-
figuration and status. Potential approach procedures that
are not supported by the current system configuration
and status may be eliminated from consideration thereby
reducing the possibility of attempting to implement an
unsafe approach procedure.
[0015] The systems, methods, apparatus, and tech-
niques described herein can provide a prioritized listing
of alternate approach procedures that are prioritized
based on the extent or impact of the flight plan change
necessitated by the alternate approach procedure (e.g.,
considering less course change, less distance to the clos-
est fix, the phase of flight, lower fuel consumption, saving
flight time, or a combination of multiple conditions, and
others) and an attribute of the approach procedures. The
alternate approach procedures listing can be organized
such that the highest prioritized procedure is listed first
and the lowest prioritized procedure is listed last on the
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listing, which can allow the flight crew to more quickly
choose an alternate approach procedure for use.
[0016] The systems, methods, apparatus, and tech-
niques described herein can provide the flight crew with
the ability to activate a selected alternate approach pro-
cedure with one click thereby minimizes the impact of
activating an alternate approach procedure to the flight
crew’s workload.
[0017] FIG. 1 is a block diagram depicting example air-
craft equipment 100 for an example system configured
to provide prioritized alternate approach procedures in
an aircraft. The example equipment 100 includes an ap-
proach procedure generation module 102, an aircraft dis-
play device 104, such as a pure display unit, a multi-
function control and display unit (MCDU), or a touch-
screen control system (TCS), and navigational aids 106
such as a flight management system (FMS) 108, a GPS
receiver 110, and a G/S (glide slope) receiver 112. The
navigational aids 106 may also include a VHF omni di-
rectional radio range (VOR) receiver (not shown) and an
Instrument landing system localizer (LOC) receiver (not
shown).
[0018] The example approach procedure generation
module 102 is configured to monitor aircraft systems
such as navigational aids 106 when a currently selected
approach procedure has been established to ensure that
the monitored aircraft systems are functioning sufficiently
to allow the currently selected approach procedure to be
safely performed. The example approach procedure
generation module 102 is further configured to detect
when an aircraft system failure has occurred that neces-
sitates that a new approach procedure be selected, attain
potential approach procedures for the currently selected
runway, determine which of those potential approach
procedures may be performed based on the configura-
tion and status of the aircraft systems, select alternate
approach procedures from the potential approach pro-
cedures, prioritize the alternate approach procedures,
and provide the prioritized, alternate approach proce-
dures to the flight crew for selection by the flight crew of
one of the alternate approach procedures. The example
approach procedure generation module 102 is addition-
ally configured to receive the selection of the selected
alternate approach procedure and cause the selected
alternate approach procedure to be activated in the air-
craft. The example approach procedure generation mod-
ule 102 includes a monitoring module 114, a procedure
attainment module 116, a procedure prioritization mod-
ule 118, a procedure display module 120, a procedure
selection module 122, and a procedure activation module
124.
[0019] The example approach procedure generation
module 102 includes a controller that is configured to
implement the monitoring module 114, the procedure at-
tainment module 116, the procedure prioritization mod-
ule 118, the procedure display module 120, the proce-
dure selection module 122, and the procedure activation
module 124. The controller includes at least one proces-

sor and a computer-readable storage device or media
encoded with programming instructions for configuring
the controller. The processor may be any custom-made
or commercially available processor, a central process-
ing unit (CPU), a graphics processing unit (GPU), an ap-
plication specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA), an auxiliary processor
among several processors associated with the controller,
a semiconductor-based microprocessor (in the form of a
microchip or chip set), any combination thereof, or gen-
erally any device for executing instructions.
[0020] The computer readable storage device or me-
dia may include volatile and nonvolatile storage in read-
only memory (ROM), random-access memory (RAM),
and keep-alive memory (KAM), for example. KAM is a
persistent or non-volatile memory that may be used to
store various operating variables while the processor is
powered down. The computer-readable storage device
or media may be implemented using any of a number of
known memory devices such as PROMs (programmable
read-only memory), EPROMs (electrically PROM), EEP-
ROMs (electrically erasable PROM), flash memory, or
any other electric, magnetic, optical, or combination
memory devices capable of storing data, some of which
represent executable programming instructions, used by
the controller.
[0021] The example monitoring module 114 is config-
ured to monitor the configuration and status of a plurality
of aircraft systems necessary for the aircraft to perform
a currently selected approach procedure with a selected
runway and determine when the currently selected ap-
proach procedure cannot be performed based on the
configuration or status of one or more of the plurality of
monitored aircraft systems. The example monitoring
module 114 may determine that the configuration or sta-
tus of at least one of the aircraft systems has changed
and the aircraft can no longer perform the currently se-
lected approach procedure because of the change.
[0022] The example procedure attainment module 116
is configured to retrieve a plurality of potential approach
procedures for use with the selected runway. The exam-
ple procedure attainment module 116 may retrieve the
plurality of potential approach procedures from a navi-
gation database on the aircraft and may generate a listing
117 of the potential approach procedures.
[0023] The example procedure prioritization module
118 is configured to generate a prioritized listing 119 of
alternate approach procedures for use with the selected
runway. The example procedure prioritization module
118 may be configured to identify the alternate approach
procedures by determining which of the potential ap-
proach procedures the aircraft may perform and may be
configured to eliminate from consideration, as an alter-
nate approach procedure, those potential approach pro-
cedures that cannot be performed with the current con-
figuration and status of the aircraft systems.
[0024] The example procedure prioritization module
118 is further configured to rank the alternate approach
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procedures based on changes from the currently select-
ed approach procedure. The alternate approach proce-
dure that exhibits the least amount of change from the
currently selected approach procedure may be ranked
as the highest ranked alternate approach procedure. The
example procedure prioritization module 118 is config-
ured to identify a highest priority alternate approach pro-
cedure from the ranked alternate procedures. In some
examples, the procedure prioritization module 118 may
be configured to rank the alternate approach procedures
based on differences between the currently selected ap-
proach procedure and the alternate approach proce-
dures if it is determined during a phase of flight other than
approach that the currently selected approach procedure
cannot be performed. In some examples, the procedure
prioritization module 118 may be configured to rank the
alternate approach procedures based on differences be-
tween the currently selected approach procedure and
the alternate approach procedures if it is determined dur-
ing the approach phase of flight that the currently selected
approach procedure cannot be performed.
[0025] The example procedure display module 120 is
configured to cause the ranked alternate approach pro-
cedures to be displayed to the flight crew on a cockpit
display such as a pure display unit, a MCDU, or a TCS.
The example procedure display module 120 may be con-
figured to cause the highest ranked alternate approach
procedure to be highlighted when the ranked alternate
approach procedures are displayed on a cockpit display.
[0026] The example procedure selection module 122
is configured to receive a selection of a ranked alternate
approach procedure from the flight crew. The selection
may be made by a one-touch actuation of a button or
switch on a cockpit display such as a pure display unit,
a MCDU, or a TCS.
[0027] The example procedure activation module 124
is configured to cause the selected approach procedure
to be activated. The example procedure activation mod-
ule 124 may be configured to automatically activate the
selected approach procedure upon receipt of flight crew’s
selection of a ranked alternate approach procedure.
[0028] The automatic provision of ranked alternate ap-
proach procedures coupled with the automatic activation
of a selected approach procedure may significantly re-
duce a flight crew’s workload when equipment failure ne-
cessitates that an alternate approach procedure be se-
lected and activated. The flight crew may be alerted of
the need to select an alternate approach procedure soon-
er and an alternate approach procedure may be activated
much quicker resulting in reduced flight crew workload
and increased aircraft safety.
[0029] FIG. 2 is a process flow chart depicting an ex-
ample process 200 in an example system configured to
provide prioritized alternate approach procedures in an
aircraft. The order of operation within the process is not
limited to the sequential execution as illustrated in the
figure, but may be performed in one or more varying or-
ders as applicable and in accordance with the present

disclosure. In various embodiments, the process can be
scheduled to run based on one or more predetermined
events, and/or can run continuously during operation of
the aircraft.
[0030] The example process 200 can be initiated when
it is determined that the currently selected approach pro-
cedure with a currently selected runway cannot be per-
formed. The example process 200 includes approach
procedures attainment (operation 202). Approach proce-
dures obtainment may involve acquiring, from a naviga-
tion database, all potential approach procedures related
to the currently selected runway.
[0031] The example process 200 includes procedure
list generation and prioritization (operation 204). Proce-
dure list generation and prioritization involves generating
a prioritized approach procedures list by eliminating the
procedures which are not supported by the current sys-
tem configuration and status and prioritizing the non-
eliminated procedures based on the extent or impact of
the procedure’s change to the current flight plan and the
attributes of the procedures. As an example, procedures
with lower course change, lower distance to the closest
fix, lower fuel consumption, or lower time consumption
may be given a higher prioritization. Also, the phase of
flight and other criteria may be considered for prioritiza-
tion. When considering multiple conditions, a risk factor
can be calculated for each procedure, and the procedure
with lowest risk factor can be determined to be the most
appropriate approach procedure.
[0032] The example process 200 includes procedure
list display (operation 206). Procedure list display may
involve causing the prioritized approach procedures list
to be displayed on a display such as an MCDU or relevant
display pages for viewing by the flight crew.
[0033] The example process 200 also includes proce-
dure activation (operation 208). Procedure activation in-
volves inserting and activating a pilot selected approach
procedure into the active flight plan.
[0034] The prioritization of the approach procedures
can be based on the change in one condition or the
change in multiple conditions necessitated by the ap-
proach procedure. The conditions may include the
change in the MDA or DH value, the relative course
change, the distance to the closest fix in the approach,
the change in fuel consumption, the change in flight time,
the phase of flight, and others. The approach procedures
with a lower MDA or DH value, less course change, less
distance to the closest fix in the approach, less fuel con-
sumption, or less time consumption may be prioritized
higher. Also, the phase of flight may be considered during
prioritization.
[0035] In one example, when prioritization is based on
a single condition, the priority determination may be
based on the MDA or DH value during the enroute phase
of the flight. In another example, when prioritization is
based on a single condition, the priority determination
may be based on course change during the approach
phase of flight. In the Approach phase of flight, to mini-
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mize the effect a change on the flight crew workload, it
may be more advantageous for the alternate approach
procedure to be more similar to the current approach
procedure.
[0036] In another example, when prioritization is based
on a combination of several conditions, each approach
procedure may be assigned a risk factor. The approach
procedure with the lowest risk factor may be deemed the
most appropriate procedure and selected as the highest
priority procedure. The risk factor can be calculated by
assigning a value and weight for each condition. For ex-
ample, an approach procedure with a course change of
1 to 5 degrees may be assigned a value of 1 and an
approach procedure with a course change of 5 to 10 de-
grees may be assigned a value of 2. The weight for a
condition may be assigned based on the relative impor-
tance of the condition to the approach procedures prior-
itization. If the condition is more important, then a lower
weight can be assigned to the condition. For example,
the weight for the course change condition can be 1, while
the weight for the phase of flight condition can be 10 if
the course change condition is more important than the
phase of flight condition in the prioritization.
[0037] FIG. 3 is a process flow chart depicting an ex-
ample process 300 in aircraft equipment for automatically
generating a prioritized listing of alternate approach pro-
cedures. The example process 300 prioritizes alternate
approach procedures based on minimizing course
change and uses MDA or DH values to distinguish be-
tween alternate approach procedures when the course
change resulting from multiple alternate approach pro-
cedures are equal. The order of operation within the proc-
ess is not limited to the sequential execution as illustrated
in the figure, but may be performed in one or more varying
orders as applicable and in accordance with the present
disclosure. In various embodiments, the process can be
scheduled to run based on one or more predetermined
events, and/or can run continuously during operation of
the aircraft.
[0038] The example process 300 includes retrieving a
listing of potential approaches (operation 302). The listing
of potential approaches may be retrieved from a naviga-
tion database on the aircraft. From the listing of potential
approaches, the potential approach procedures are re-
trieved one at a time with the next potential approach
procedure being retrieved from listing of potential ap-
proaches (operation 304). A determination is made re-
garding whether the retrieved potential approach may be
performed based on the status and configuration of air-
craft systems necessary for the performance of the ap-
proach procedure (decision 306). If the retrieved potential
approach cannot be performed based on the status and
configuration of aircraft systems necessary for the per-
formance of the approach procedure (no at decision 306),
then the next potential approach procedure is retrieved
from listing of potential approaches (operation 304). If
the retrieved potential approach can be performed based
on the status and configuration of aircraft systems nec-

essary for the performance of the approach procedure
(yes at decision 306), then the difference between the
current heading with the current approach procedure and
the expected course of approach for the potential ap-
proach is determined (operation 308).
[0039] A determination is made regarding whether the
difference between the current heading with the current
approach procedure and the expected course of ap-
proach for the potential approach is greater than the dif-
ference for other potential approach procedure on an al-
ternate approach procedure listing (decision 310). If the
difference is greater than the current last listed potential
approach procedures on the alternate approach listing
(yes at decision 310), then the potential approach pro-
cedure is added to the listing of alternate approach pro-
cedures as the last listing (operation 312). The next po-
tential approach procedure is then retrieved for consid-
eration (operation 304).
[0040] If the difference is not greater than other poten-
tial approach procedures on the alternate approach list-
ing (no at decision 306), then a determination is made
regarding whether the difference is less than but not
equal to the difference for other potential approaches on
the alternate approach procedure list (decision 314). If
the difference is less than but not equal to the difference
for some other potential approaches on the alternate ap-
proach procedure list (yes at decision 314), then the po-
tential approach procedure is added to the alternate ap-
proach procedure listing in a slot below the alternate ap-
proach procedures with a lower difference and above the
alternate approach procedures with a higher difference
(operation 316). The next potential approach procedure
is then retrieved for consideration (operation 304).
[0041] If the difference is equal to the difference for
some other potential approaches on the alternate ap-
proach procedure list (no at decision 314), then a deter-
mination is made regarding whether the MDA or DH value
for the potential approach is lower than that of the poten-
tial approach(es) with which it has an equal difference
(decision 318). If the MDA or DH value for the potential
approach is lower than that of the potential approach(es)
with which it has an equal difference (yes at decision
318), then the potential approach procedure is added to
the alternate approach listing immediately before the po-
tential approach(es) with which it has an equal distance
(operation 320). The next potential approach procedure
is then retrieved for consideration (operation 304). If the
MDA or DH value for the potential approach is not lower
than that of the potential approach(es) with which it has
an equal difference (no at decision 318), then the poten-
tial approach procedure is added to the alternate ap-
proach listing immediately after the potential ap-
proach(es) with which it has an equal distance (operation
322). The next potential approach procedure is then re-
trieved for consideration (operation 304).
[0042] FIG. 4 is a process flow chart depicting an ex-
ample process 400 in aircraft equipment for automatically
implementing an alternate approach procedure. The or-
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der of operation within the process is not limited to the
sequential execution as illustrated in the figure, but may
be performed in one or more varying orders as applicable
and in accordance with the present disclosure. In various
embodiments, the process can be scheduled to run
based on one or more predetermined events, and/or can
run continuously during operation of the aircraft.
[0043] The example process 400 includes determining
that a scheduled first approach procedure with a first run-
way cannot be performed (operation 402). When a
scheduled first approach procedure has been selected
and activated, flight equipment, such as navigational
aids, may be monitored to determine if conditions have
changed that would prevent the aircraft from performing
the first approach procedure. If it is determined that air-
craft conditions exist that would prevent the aircraft from
performing the first approach procedure, the example
process 400 includes identifying a plurality of alternate
approach procedures for use with the first runway (oper-
ation 404).
[0044] The example process 400 further includes rank-
ing the alternate approach procedures based on changes
from the first approach procedure, wherein the alternate
approach procedure that exhibits the least amount of
change from the first approach procedure is the highest
ranked alternate approach procedure (operation 406).
The ranked alternate approach procedures may be dis-
played to the flight crew on a cockpit display (operation
408). The flight crew may then select an alternate ap-
proach procedure to execute. The selection of a ranked
alternate approach procedure is received (operation 410)
and the selected approach procedure may be automat-
ically activated (operation 412).
[0045] FIG. 5 is a process flow chart depicting another
example process 500 in aircraft equipment for automat-
ically implementing an alternate approach procedure.
The order of operation within the process is not limited
to the sequential execution as illustrated in the figure, but
may be performed in one or more varying orders as ap-
plicable and in accordance with the present disclosure.
In various embodiments, the process can be scheduled
to run based on one or more predetermined events,
and/or can run continuously during operation of the air-
craft.
[0046] The example process 500 includes operations
similar to the operations of example process 400. The
example process 500 includes determining that a sched-
uled first approach procedure with a first runway cannot
be performed (operation 502), identifying a plurality of
alternate approach procedures for use with the first run-
way (operation 504), ranking the alternate approach pro-
cedures based on changes from the first approach pro-
cedure, wherein the alternate approach procedure that
exhibits the least amount of change from the first ap-
proach procedure is the highest ranked alternate ap-
proach procedure (operation 506), causing the ranked
alternate approach procedures to be displayed to the
flight crew on a cockpit display (operation 508), receiving

a selection of a ranked alternate approach procedure
from the flight crew (operation 510), and automatically
activating the selected approach procedure (operation
512).
[0047] In the example process 500, determining that a
scheduled first approach procedure with a first runway
cannot be performed includes monitoring the configura-
tion and status of a plurality of aircraft systems necessary
for the aircraft to perform the first approach procedure
with the first runway (decision 514). The aircraft systems
may include navigational aids such as the FMS, a GPS
receiver, a G/S receiver, a VOR receiver, a LOC receiver,
and others.
[0048] The example process 500 further includes de-
termining that a scheduled first approach procedure with
a first runway cannot be performed based on the config-
uration or status of the plurality of aircraft systems (op-
eration 516). As an example, the loss of FMS functionality
may prevent a RNP (required navigation performance)
approach procedure. The loss of SBAS functionality in
the GPS receiver may prevent the performance of a LPV
(localizer performance with vertical guidance) approach
procedure. And, the loss of functionality in a G/S receiver
may prevent the performance of an ILS approach proce-
dure. In the example process 500, determining that a
scheduled first approach procedure with a first runway
cannot be performed based on the configuration or status
of the plurality of aircraft systems may involve determin-
ing that the configuration or status of at least one of the
aircraft systems has changed and the aircraft can no
longer perform the first approach procedure because of
the change (operation 518).
[0049] FIG. 6 is a process flow chart depicting another
example process 600 in aircraft equipment for automat-
ically implementing an alternate approach procedure.
The order of operation within the process is not limited
to the sequential execution as illustrated in the figure, but
may be performed in one or more varying orders as ap-
plicable and in accordance with the present disclosure.
In various embodiments, the process can be scheduled
to run based on one or more predetermined events,
and/or can run continuously during operation of the air-
craft.
[0050] The example process 600 includes operations
similar to the operations of example process 400. The
example process 600 includes determining that a sched-
uled first approach procedure with a first runway cannot
be performed (operation 602), identifying a plurality of
alternate approach procedures for use with the first run-
way (operation 604), ranking the alternate approach pro-
cedures based on changes from the first approach pro-
cedure, wherein the alternate approach procedure that
exhibits the least amount of change from the first ap-
proach procedure is the highest ranked alternate ap-
proach procedure (operation 606), causing the ranked
alternate approach procedures to be displayed to the
flight crew on a cockpit display (operation 608), receiving
a selection of a ranked alternate approach procedure
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from the flight crew (operation 610), and automatically
activating the selected approach procedure (operation
612).
[0051] In the example process 600, identifying a plu-
rality of alternate approach procedures for use with the
first runway includes identifying a plurality of potential
approach procedures (operation 614) and determining,
from the plurality of potential approach procedures, a plu-
rality of alternate approach procedures the aircraft may
perform (operation 616). Identifying a plurality of potential
approach procedures (operation 614) may involve re-
trieving, from a navigation database, potential approach
procedures available for use with the first runway (oper-
ation 618). determining, from the plurality of potential ap-
proach procedures, a plurality of alternate approach pro-
cedures the aircraft may perform (operation 616) may
involve determining, from the potential approach proce-
dures, alternate approach procedures by eliminating po-
tential approach procedures that cannot be performed
with the current configuration and status of the aircraft
systems (operation 620).
[0052] FIG. 7 is a process flow chart depicting another
example process 700 in aircraft equipment for automat-
ically implementing an alternate approach procedure.
The order of operation within the process is not limited
to the sequential execution as illustrated in the figure, but
may be performed in one or more varying orders as ap-
plicable and in accordance with the present disclosure.
In various embodiments, the process can be scheduled
to run based on one or more predetermined events,
and/or can run continuously during operation of the air-
craft.
[0053] The example process 700 includes operations
similar to the operations of example process 400. The
example process 700 includes determining that a sched-
uled first approach procedure with a first runway cannot
be performed (operation 702), identifying a plurality of
alternate approach procedures for use with the first run-
way (operation 704), ranking the alternate approach pro-
cedures based on changes from the first approach pro-
cedure, wherein the alternate approach procedure that
exhibits the least amount of change from the first ap-
proach procedure is the highest ranked alternate ap-
proach procedure (operation 706), causing the ranked
alternate approach procedures to be displayed to the
flight crew on a cockpit display (operation 708), receiving
a selection of a ranked alternate approach procedure
from the flight crew (operation 710), and automatically
activating the selected approach procedure (operation
712).
[0054] Ranking the alternate approach procedures
based on changes from the first approach procedure,
wherein the alternate approach procedure that exhibits
the least amount of change from the first approach pro-
cedure is the highest ranked alternate approach proce-
dure (operation 706), in the example process 700, may
involve identifying a highest priority alternate approach
procedure from the ranked alternate procedures (oper-

ation 714). Ranking the alternate approach procedures
based on changes from the first approach procedure may
also involve ranking the alternate approach procedures
based on differences between the currently selected ap-
proach procedure and the alternate approach proce-
dures if it is determined during a phase of flight other than
approach that the first approach procedure cannot be
performed (operation 716). When the determination is
made at a phase of flight other than approach, ranking
may comprise ranking the alternate approach proce-
dures based on one or more of lower MDA value of the
approach, lower DH value of the approach, less course
change at IAF (initial approach fix), less fuel consump-
tion, or less flight time. Ranking the alternate approach
procedures based on changes from the first approach
procedure may further involve ranking the alternate ap-
proach procedures based on differences between the
currently selected approach procedure and the alternate
approach procedures if it is determined during the ap-
proach phase of flight that the first approach procedure
cannot be performed (operation 718). When the deter-
mination is made at the approach phase of flight, ranking
may comprise ranking the alternate approach proce-
dures based on one or more of lower MDA value of the
approach, lower DH value of the approach, less course
change, less distance to the closest fix in the approach,
or less fuel consumption.
[0055] FIG. 8 is a process flow chart depicting another
example process 800 in aircraft equipment for automat-
ically implementing an alternate approach procedure.
The order of operation within the process is not limited
to the sequential execution as illustrated in the figure, but
may be performed in one or more varying orders as ap-
plicable and in accordance with the present disclosure.
In various embodiments, the process can be scheduled
to run based on one or more predetermined events,
and/or can run continuously during operation of the air-
craft.
[0056] The example process 800 includes operations
similar to the operations of example process 400. The
example process 800 includes determining that a sched-
uled first approach procedure with a first runway cannot
be performed (operation 802), identifying a plurality of
alternate approach procedures for use with the first run-
way (operation 804), ranking the alternate approach pro-
cedures based on changes from the first approach pro-
cedure, wherein the alternate approach procedure that
exhibits the least amount of change from the first ap-
proach procedure is the highest ranked alternate ap-
proach procedure (operation 806), causing the ranked
alternate approach procedures to be displayed to the
flight crew on a cockpit display (operation 808), receiving
a selection of a ranked alternate approach procedure
from the flight crew (operation 810), and automatically
activating the selected approach procedure (operation
812).
[0057] In the example process 800, causing the ranked
alternate approach procedures to be displayed to the
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flight crew on a cockpit display (operation 808) may in-
volve causing the ranked alternate approach procedures
to be displayed on a cockpit display with the highest pri-
ority alternate approach procedure highlighted (decision
814).
[0058] Described herein are techniques for providing
a prioritized approach procedure list for the same current
selected runway when the system supporting the current
selected approach procedure fails. The display of the pri-
oritized list can not only alert the flight crew that there is
something wrong within the system that makes the cur-
rently selected approach procedure unsafe to fly, but may
also allow the flight crew to choose a new approach pro-
cedure much more quickly. Also, the auto-activating ca-
pability can save time by not requiring the flight crew to
manually select and manually activate an alternate ap-
proach procedure.
[0059] In one embodiment, a processor-implemented
method in an aircraft for automatically providing alternate
approach procedures is provided. The method compris-
es determining, by a processor in the aircraft, that a
scheduled first approach procedure with a first runway
cannot be performed; identifying, by the processor, a plu-
rality of alternate approach procedures for use with the
first runway; ranking, by the processor, the alternate ap-
proach procedures based on changes from the first ap-
proach procedure, wherein the alternate approach pro-
cedure that exhibits the least amount of change from the
first approach procedure is the highest ranked alternate
approach procedure; causing the ranked alternate ap-
proach procedures to be displayed on a cockpit display;
receiving, by the processor, a selection of a ranked al-
ternate approach procedure; and activating, by the proc-
essor, the selected approach procedure.
[0060] These aspects and other embodiments may in-
clude one or more of the following features. The method
may further comprise monitoring, by the processor, the
configuration and status of a plurality of aircraft systems
necessary for the aircraft to perform the first approach
procedure with the first runway. Determining that a
scheduled first approach procedure with a first runway
cannot be performed may comprise determining that a
scheduled first approach procedure with a first runway
cannot be performed based on the configuration or status
of the plurality of aircraft systems. Determining that a
scheduled first approach procedure with a first runway
cannot be performed based on the configuration or status
of the plurality of aircraft systems may comprise deter-
mining that the configuration or status of at least one of
the aircraft systems has changed and the aircraft can no
longer perform the first approach procedure because of
the change. Identifying a plurality of alternate approach
procedures for use with the first runway may comprise:
identifying a plurality of potential approach procedures;
and determining, from the plurality of potential approach
procedures, a plurality of alternate approach procedures
the aircraft may perform. Identifying a plurality of potential
approach procedures may comprise retrieving, by the

processor from a navigation database, potential ap-
proach procedures available for use with the first runway.
Determining, from the plurality of potential approach pro-
cedures, a plurality of alternate approach procedures the
aircraft may perform may comprise determining, from the
potential approach procedures, alternate approach pro-
cedures by eliminating potential approach procedures
that cannot be performed with the current configuration
and status of the aircraft systems. Causing the ranked
alternate approach procedures to be displayed on a cock-
pit display may comprise causing the ranked alternate
approach procedures to be displayed on a cockpit display
with the highest priority alternate approach procedure
highlighted. Ranking the alternate approach procedures
based on changes from the first approach procedure may
comprise ranking the alternate approach procedures
based on differences between the first approach proce-
dure and the alternate approach procedures if it is deter-
mined at a phase of flight other than approach that the
first approach procedure cannot be performed. Ranking
the alternate approach procedures based on differences
between the first approach procedure and the alternate
approach procedures if it is determined at a phase of
flight other than approach that the first approach proce-
dure cannot be performed may comprise ranking the al-
ternate approach procedures based on one or more of
lower MDA (minimum descent altitude) value of the ap-
proach, lower DH (decision height) value of the approach,
less course change at IAF (initial approach fix), less fuel
consumption, or less flight time. Ranking the alternate
approach procedures based on changes from the first
approach procedure may comprise ranking the alternate
approach procedures based on differences between the
first approach procedure and the alternate approach pro-
cedures if it is determined during an approach phase of
flight that the first approach procedure cannot be per-
formed. Ranking the alternate approach procedures
based on differences between the first approach proce-
dure and the alternate approach procedures if it is deter-
mined during an approach phase of flight that the first
approach procedure cannot be performed may comprise
ranking the alternate approach procedures based on one
or more of less course change, less fuel consumption,
less distance to the closest fix in the approach, lower
MDA (minimum descent altitude) value of the approach,
or lower DH (decision height) value of the approach.
[0061] In another embodiment, an approach proce-
dure module in an aircraft is provided. The approach pro-
cedure module comprises one or more processors con-
figured by programming instructions in non-transient
computer readable media. The approach procedure
module is configured to: determine that a scheduled first
approach procedure with a first runway cannot be per-
formed; identify a plurality of alternate approach proce-
dures for use with the first runway; rank the alternate
approach procedures based on changes from the first
approach procedure; display the ranked alternate ap-
proach procedures on a cockpit display; receive a selec-

15 16 



EP 3 517 895 A1

10

5

10

15

20

25

30

35

40

45

50

55

tion of a ranked alternate approach procedure; and au-
tomatically activate the selected approach procedure.
[0062] These aspects and other embodiments may in-
clude one or more of the following features. The approach
procedure module may be further configured to monitor
the configuration and status of a plurality of aircraft sys-
tems necessary for the aircraft to perform the first ap-
proach procedure with the first runway. The approach
procedure module may be further configured to deter-
mine that a scheduled first approach procedure with a
first runway cannot be performed based on the configu-
ration or status of the plurality of aircraft systems. The
approach procedure module may be further configured
to: identify a plurality of potential approach procedures;
and determine, from the plurality of potential approach
procedures, a plurality of alternate approach procedures
the aircraft may perform. The approach procedure mod-
ule may be further configured to determine, from the po-
tential approach procedures, alternate approach proce-
dures by eliminating potential approach procedures that
cannot be performed with the current configuration and
status of the aircraft systems. The aircraft systems may
comprise a satellite-based augmentation system (SBAS)
capable GPS (global positioning system) receiver, a flight
management system (FMS), a glide slope (G/S) receiver
for an instrument landing system (ILS), a VHF omni di-
rectional radio range (VOR) receiver, an instrument land-
ing system localizer (LOC) receiver, or other systems.
The approach procedure module may be further config-
ured to rank the alternate approach procedures based
on one or more of lower MDA (minimum descent altitude)
value of the approach, lower DH (decision height) value
of the approach, less course change, less distance to the
closest fix in the approach, the phase of flight, less fuel
consumption, or less flight time.
[0063] In another embodiment, non-transient compu-
ter readable media encoded with programming instruc-
tions configured to cause one or more processors in an
aircraft to perform a method is provided. The method
comprises: determining that a scheduled first approach
procedure with a first runway cannot be performed; iden-
tifying a plurality of alternate approach procedures for
use with the first runway; ranking the alternate approach
procedures based on changes from the first approach
procedure, wherein the alternate approach procedure
that exhibits the least amount of change from the first
approach procedure is the highest ranked alternate ap-
proach procedure; causing the ranked alternate ap-
proach procedures to be displayed on a cockpit display;
receiving a selection of a ranked alternate approach pro-
cedure; and automatically activating the selected ap-
proach procedure.
[0064] 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.
[0065] 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.
[0066] 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-
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
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may reside as discrete components in a user terminal.
[0067] 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.
[0068] 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.
[0069] 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 processor-implemented method in an aircraft for
automatically providing alternate approach proce-
dures, the method comprising:

determining, by a processor in the aircraft, that
a scheduled first approach procedure with a first
runway cannot be performed;
identifying, by the processor, a plurality of alter-
nate approach procedures for use with the first
runway;
ranking, by the processor, the alternate ap-
proach procedures based on changes from the
first approach procedure, wherein the alternate
approach procedure that exhibits the least

amount of change from the first approach pro-
cedure is the highest ranked alternate approach
procedure;
causing the ranked alternate approach proce-
dures to be displayed on a cockpit display;
receiving, by the processor, a selection of a
ranked alternate approach procedure; and
activating, by the processor, the selected ap-
proach procedure.

2. The method of claim 1, further comprising monitor-
ing, by the processor, the configuration and status
of a plurality of aircraft systems necessary for the
aircraft to perform the first approach procedure with
the first runway, and wherein determining that a
scheduled first approach procedure with a first run-
way cannot be performed comprises determining
that a scheduled first approach procedure with a first
runway cannot be performed based on the configu-
ration or status of the plurality of aircraft systems.

3. The method of claim 2, wherein determining that a
scheduled first approach procedure with a first run-
way cannot be performed based on the configuration
or status of the plurality of aircraft systems comprises
determining that the configuration or status of at least
one of the aircraft systems has changed and the air-
craft can no longer perform the first approach pro-
cedure because of the change.

4. The method of claim 1, wherein identifying a plurality
of alternate approach procedures for use with the
first runway comprises:

identifying a plurality of potential approach pro-
cedures; and
determining, from the plurality of potential ap-
proach procedures, a plurality of alternate ap-
proach procedures the aircraft may perform;
wherein identifying a plurality of potential ap-
proach procedures comprises retrieving, by the
processor from a navigation database, potential
approach procedures available for use with the
first runway.

5. The method of claim 1, wherein identifying a plurality
of alternate approach procedures for use with the
first runway comprises:

identifying a plurality of potential approach pro-
cedures; and
determining, from the plurality of potential ap-
proach procedures, a plurality of alternate ap-
proach procedures the aircraft may perform;
wherein determining, from the plurality of poten-
tial approach procedures, a plurality of alternate
approach procedures the aircraft may perform
comprises determining, from the potential ap-
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proach procedures, alternate approach proce-
dures by eliminating potential approach proce-
dures that cannot be performed with the current
configuration and status of the aircraft systems.

6. The method of claim 1, wherein ranking the alternate
approach procedures based on changes from the
first approach procedure comprises ranking the al-
ternate approach procedures based on differences
between the first approach procedure and the alter-
nate approach procedures if it is determined at a
phase of flight other than approach that the first ap-
proach procedure cannot be performed.

7. The method of claim 6, wherein ranking the alternate
approach procedures comprises ranking the alter-
nate approach procedures based on one or more of
lower MDA (minimum descent altitude) value of the
approach, lower DH (decision height) value of the
approach, less course change at IAF (initial ap-
proach fix), less fuel consumption, or less flight time.

8. The method of claim 1, wherein ranking the alternate
approach procedures based on changes from the
first approach procedure comprises ranking the al-
ternate approach procedures based on differences
between the first approach procedure and the alter-
nate approach procedures if it is determined during
an approach phase of flight that the first approach
procedure cannot be performed.

9. The method of claim 8, wherein ranking the alternate
approach procedures comprises ranking the alter-
nate approach procedures based on one or more of
less course change, less fuel consumption, less dis-
tance to the closest fix in the approach, lower MDA
(minimum descent altitude) value of the approach,
or lower DH (decision height) value of the approach.

10. An approach procedure module in an aircraft, com-
prising one or more processors configured by pro-
gramming instructions in non-transient computer
readable media, the approach procedure module
configured to:

determine that a scheduled first approach pro-
cedure with a first runway cannot be performed;
identify a plurality of alternate approach proce-
dures for use with the first runway;
rank the alternate approach procedures based
on changes from the first approach procedure;
display the ranked alternate approach proce-
dures on a cockpit display;
receive a selection of a ranked alternate ap-
proach procedure; and
automatically activate the selected approach
procedure.
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