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(54) CONTEXTUAL TRANSCRIPTION AUGMENTATION METHODS AND SYSTEMS

(57) Methods and systems are provided for assisting
operation of a vehicle using speech recognition and tran-
scription. One method involves identifying an operational
objective for an audio communication with respect to the
vehicle, determining an expected clearance communica-
tion for the vehicle based at least in part on the operational

objective, identifying a discrepancy between a transcrip-
tion of the audio communication and the expected clear-
ance communication, augmenting the transcription of the
audio communication using a current operational context
to reduce the discrepancy, and providing a graphical in-
dication influenced by the augmented transcription.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Indian Provi-
sional Patent Application No. 202111026764, filed June
16, 2021, the entire content of which is incorporated by
reference herein.

TECHNICAL FIELD

[0002] The subject matter described herein relates
generally to vehicle systems, and more particularly, em-
bodiments of the subject matter relate to avionics sys-
tems and methods for mitigating potential ambiguities or
uncertainties in air traffic control clearance communica-
tions.

BACKGROUND

[0003] Air traffic control typically involves voice com-
munications between air traffic control and a pilot or crew-
member onboard the various aircrafts within a controlled
airspace. For example, an air traffic controller (ATC) may
communicate an instruction or a request for pilot action
by a particular aircraft using a call sign assigned to that
aircraft, with a pilot or crewmember onboard that aircraft
acknowledging the request (e.g., by reading back the re-
ceived information) in a separate communication that al-
so includes the call sign. As a result, the ATC can deter-
mine that the correct aircraft has acknowledged the re-
quest, that the request was correctly understood, what
the pilot intends to do, etc.
[0004] Unfortunately, there are numerous factors that
can complicate clearance communications, or otherwise
result in a misinterpretation of a clearance communica-
tion, such as, for example, the volume of traffic in the
airspace, similarities between call signs of different air-
crafts in the airspace, congestion or interference on the
communications channel being utilized, and/or human
fallibilities (e.g., inexperience, hearing difficulties, mem-
ory lapse, language barriers, distractions, fatigue, etc.).
Standard phraseology exists to limit the opportunity for
misunderstanding and enable quick and effective com-
munications despite language differences. However,
there are circumstances where plain language commu-
nications become necessary, which may result in use of
ambiguous or non-standard phraseology that may pose
safety risks. For example, an incomplete and/or incorrect
clearance communication could be acknowledged or act-
ed on by a pilot, or a pilot of one aircraft may attempt to
adhere to a clearance intended for another aircraft (e.g.,
as a result of call sign confusion). Accordingly, it is de-
sirable to provide aircraft systems and methods that fa-
cilitate adherence to ATC clearances or commands with
improved accuracy. Other desirable features and char-
acteristics of the methods and systems will become ap-
parent from the subsequent detailed description and the

appended claims, taken in conjunction with the accom-
panying drawings and the preceding background.

BRIEF SUMMARY

[0005] Methods and systems are provided for assisting
operation of a vehicle, such as an aircraft, using speech
recognition and transcription. One method involves iden-
tifying an operational objective for an audio communica-
tion with respect to the vehicle, determining an expected
clearance communication for the vehicle based at least
in part on the operational objective, identifying a discrep-
ancy between a transcription of the audio communication
and the expected clearance communication, augmenting
the transcription of the audio communication using a cur-
rent operational context to reduce the discrepancy, re-
sulting in an augmented transcription of the audio com-
munication, and providing a graphical indication influ-
enced by the augmented transcription of the audio com-
munication.
[0006] In another embodiment, a computer-readable
medium having computer-executable instructions stored
thereon is provided. The computer-executable instruc-
tions, when executed by a processing system, cause the
processing system to identify an operational objective for
an audio communication with respect to a vehicle, deter-
mine an expected clearance communication for the ve-
hicle based at least in part on the operational objective,
identify a discrepancy between a transcription of the au-
dio communication and the expected clearance commu-
nication, augment the transcription of the audio commu-
nication using a current operational context to reduce the
discrepancy, resulting in an augmented transcription of
the audio communication, and provide a graphical indi-
cation influenced by the augmented transcription of the
audio communication.
[0007] In another embodiment, a system is provided
that includes a communications system to receive an au-
dio communication with respect to a vehicle, a data stor-
age element to maintain information pertaining to a phra-
seology standard, and a processing system coupled to
the communications system and the data storage ele-
ment. The processing system is configurable to identify
an operational objective for the audio communication,
determine an expected clearance communication for the
vehicle based at least in part on the operational objective
using the information pertaining to the phraseology
standard, identify a discrepancy between a transcription
of the audio communication and the expected clearance
communication, augment the transcription of the audio
communication using a current operational context to re-
duce the discrepancy, resulting in an augmented tran-
scription of the audio communication, and output an in-
dication influenced by the augmented transcription of the
audio communication.
[0008] 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
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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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the subject matter will herein-
after be described in conjunction with the following draw-
ing figures, wherein like numerals denote like elements,
and:

FIG. 1 is a block diagram illustrating a system suit-
able for use with a vehicle such as an aircraft in ac-
cordance with one or more exemplary embodiments;

FIG. 2 is a block diagram illustrating a speech rec-
ognition system suitable for use with the aircraft sys-
tem of FIG. 1 in accordance with one or more exem-
plary embodiments;

FIG. 3 is a flow diagram of a transcription augmen-
tation process suitable for implementation by the
speech recognition system of FIG. 2 in the aircraft
system of FIG. 1 in one or more exemplary embod-
iments; and

FIGS. 4-7 depict exemplary navigational map graph-
ical user interface (GUI) displays suitable for pres-
entation on a display device onboard the aircraft in
the system of FIG. 1 in connection with the transcrip-
tion augmentation process of FIG. 3 in accordance
with one or more embodiments.

DETAILED DESCRIPTION

[0010] The following detailed description is merely ex-
emplary in nature and is not intended to limit the subject
matter of the application and uses thereof. Furthermore,
there is no intention to be bound by any theory presented
in the preceding background, brief summary, or the fol-
lowing detailed description.
[0011] Embodiments of the subject matter described
herein generally relate to systems and methods for de-
tecting and mitigating potential ambiguities or uncertain-
ties in clearance communications associated with differ-
ent vehicles operating within a commonly controlled area
by augmenting transcriptions of clearance communica-
tions using the current operational context to reduce or
otherwise mitigate discrepancies between the received
clearance communications and the expected clearance
communications. For purposes of explanation, the sub-
ject matter is primarily described herein in the context of
aircraft operating in a controlled airspace; however, the
subject matter described herein is not necessarily limited
to aircraft or avionic environments, and in alternative em-
bodiments, may be implemented in an equivalent manner
for ground operations, marine operations, or otherwise
in the context of other types of vehicles and travel spaces.

[0012] As described in greater detail below primarily in
the context of FIGS. 2-7, audio communications received
at the aircraft are parsed and analyzed to automatically
identify an operational objective for an audio communi-
cation with respect to the aircraft. For example, natural
language processing or similar artificial intelligence (AI)
techniques may be applied to the audio communications
(or transcriptions thereof) to ascertain the intent of a re-
spective audio communication and identify the operation-
al subjects or entities to which the respective audio com-
munication pertains, such as, a particular aircraft or flight
identifier, a runway, a taxiway, a waypoint, a heading, an
altitude, a flight level, a communications radio or another
avionics system or setting, an aircraft action (e.g., land-
ing, takeoff, pushback, hold, or the like) and/or the like.
Based on the operational objective, an expected clear-
ance communication for the aircraft is determined based
on the applicable phraseology standards, such as the
international standards of phraseology set forth in the
International Civil Aviation Organization (ICAO) Annex
10 Volume II Chapter 5, ICAO Doc 4444 Chapter 12 and
in ICAO Doc 9432 - Manual of Radiotelephony or another
applicable phraseology standard for the particular geo-
graphic region or airspace (e.g., modified ICAO stand-
ards for improved suitability with a particular locality). In
this regard, the expected clearance communication re-
flects the standard phraseology to be used for an audio
clearance communication intending or attempting to
achieve the identified operational objective.
[0013] When a discrepancy between the expected
clearance communication and a transcription of the re-
ceived audio clearance communication exists, the tran-
scription of the received audio clearance communication
exists is automatically augmented using the current op-
erational context to reduce or otherwise mitigate the dis-
crepancy and better comport with the applicable phrase-
ology standards utilized to derive the expected clearance
communication. For example, transcription of the re-
ceived audio clearance communication may be modified
to include an operational subject or operational param-
eter that was otherwise absent from the received audio
clearance communication to obtain an augmented tran-
scription that matches the expected clearance commu-
nication, or the expression of the operational subject or
operational parameter within the transcription of the re-
ceived audio clearance communication may be modified
to comport with the applicable standard phraseology. In
one or more embodiments, one or more graphical indicia
may be provided to notify or otherwise indicate, to the
pilot or other aircraft operator, that a discrepancy was
identified with respect to a clearance communication re-
ceived from the ATC or a clearance communicated by
the pilot or other aircraft concurrently operating within the
airspace. Additionally, in exemplary embodiments,
graphical indicia or representations of the augmented
transcription of the audio clearance communication may
be provided in lieu of the original, "as received" transcrip-
tion of the audio clearance communication to mitigate
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any potential ambiguities, uncertainties or other misun-
derstandings that could arise due to noncompliance with
applicable phraseology standards. In this regard, by dy-
namically augmenting transcribed clearance communi-
cations in real-time to reflect the current operating context
and current conversational context, the likelihood of mis-
communication, misunderstandings, or other issues aris-
ing out of casual, incomplete, or noncompliant commu-
nications can be reduced.
[0014] By way of example, past aviation incidents have
involved ATC issuing informal clearance communica-
tions, such as "go to the right side," without specifying a
runway, taxiway, or other operational subject, resulting
in pilots misinterpreting the clearance communications
and taxiing into the path of another aircraft. In accordance
with the subject matter described herein, a received au-
dio ATC clearance communication of "go to the right side"
would be syntactically and semantically analyzed to iden-
tify an operational objective of the ATC clearance com-
munication and determine an expected ATC clearance
communication for that operational objective in accord-
ance with the applicable phraseology standard(s). In this
regard, a discrepancy is detected when the expected
ATC clearance communication includes an operational
subject associated with the command ("go to") and/or the
modifier ("right") contained in the received audio ATC
clearance communication, and a graphical indication of
the discrepancy may be rendered or otherwise provided
on a display device onboard the aircraft to notify the pilot
or other aircraft operator that the received ATC clearance
communication utilized non-standard phraseology or is
otherwise noncompliant with the applicable phraseology
standard(s).
[0015] Additionally, the current operational context of
the aircraft may be utilized to augment the transcription
of the received ATC clearance communication to reduce
the discrepancy and attempt to correct the use of non-
standard phraseology. For example, the current location
of the aircraft with respect to a taxi clearance, a flight
plan, or other defined route or manner of operation of the
aircraft may be utilized to identify the expected opera-
tional subject for the received ATC clearance communi-
cation (e.g., the next taxiway of the taxi clearance, the
runway specified by the taxi clearance or the flight plan,
the assigned gate for the aircraft, and/or the like) before
augmenting the transcription of the received ATC clear-
ance communication to include the expected operational
subject in a manner that is syntactically and semantically
consistent with applicable phraseology standard(s). In
this regard, the current operational status associated with
the taxiways, runways, gates and/or the like may be uti-
lized to intelligently augment the transcription by exclud-
ing from consideration taxiways, runways, gates and/or
the like that are not operational or currently in use. Ad-
ditionally, or alternatively, in some embodiments, the
augmented content may be determined or otherwise de-
rived from analysis of the current conversational context
and/or preceding clearance communications, by query-

ing a database or other data storage element for infor-
mation relevant to the current operational context, or by
predicting the content of the expected ATC clearance
communication using the current operational context
and/or other real-time data (e.g., data derived from cur-
rent or recent flight traffic and/or the flight paths associ-
ated therewith). In one or more exemplary embodiments,
after augmenting the transcribed ATC clearance com-
munication, a graphical representation of the augmented
transcription of the ATC clearance communication is ren-
dered or otherwise provided on the display device on-
board the aircraft to help mitigate the discrepancy in con-
cert with providing a graphical indication of the existence
of the discrepancy (e.g., by rendering augmented por-
tions of the transcription using a visually distinguishable
characteristic), thereby conveying the potential uncer-
tainty associated with the displayed ATC clearance com-
munication to the pilot or other aircraft operator.
[0016] As another example, the subject matter de-
scribed herein may also be utilized to correct or otherwise
augment clearance communications that are incomplete
or otherwise include indirect reference to a particular op-
erational subject, a particular operational parameter
and/or the like. For example, natural language process-
ing or similar artificial intelligence (AI) techniques for syn-
tactical and semantical analysis may be performed on
the transcribed textual content of the received audio ATC
clearance communication to identify keywords or place-
holder terms that refer to a particular operational subject
or operational parameter that is relevant to the clearance
communication (e.g., a waypoint, runway, taxiway, air-
way, aircraft or call sign, frequency, altitude, aircraft ac-
tion, and/or the like). Based on a discrepancy relative to
an expected ATC clearance communication for the op-
erational objective that includes the full and complete def-
inition of the particular operational subject(s) and/or op-
erational parameter(s) in accordance with the applicable
phraseology standard(s), the transcription of the re-
ceived ATC clearance communication is augmented or
otherwise modified to include the relevant names, iden-
tifiers, values, and/or the like for the operational sub-
ject(s) and/or operational parameter(s) identified within
the received ATC clearance communication. For exam-
ple, an incomplete ATC clearance communication that
includes an indirect reference to the departure tower fre-
quency (e.g., "Contact departure") may be analyzed to
identify the operational objective as the ground controller
initiating a handoff to the departure controller, and based
on the applicable phraseology standard(s), an expected
ATC clearance communication for initiating the handoff
may be identified that includes a particular frequency
channel value to which the pilot is expected to tune a
communications radio to before contacting the departure
tower.
[0017] Based on the discrepancy between the expect-
ed ATC clearance communication and the received ATC
clearance communication being the absence of the cur-
rent radio frequency channel value associated with the
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departure tower, the transcription of the received ATC
clearance communication may be automatically aug-
mented to include the current radio frequency channel
value associated with the departure tower and thereby
conform to the expected ATC clearance communication
in a manner that is syntactically and semantically con-
sistent with applicable phraseology standard(s). In a sim-
ilar manner as described above, the radio frequency
channel value for the augmented content may be deter-
mined or otherwise derived from analysis of the current
conversational context and/or preceding clearance com-
munications (e.g., by identifying a preceding ATC clear-
ance communication that specifies the tower frequency)
or by querying a database or other data storage element
for information identifying the departure tower radio fre-
quency channel for the airport where the aircraft is cur-
rently located. Thereafter, a graphical representation of
the augmented transcription of the ATC clearance (e.g.,
"Contact departure 121.49") may be rendered or other-
wise displayed on a display device onboard the aircraft
with the augmented content (e.g., the radio frequency
channel "121.49") being rendered using a visually distin-
guishable characteristic that indicates the augmented
content was not part of the originally-received ATC clear-
ance communication.
[0018] As yet another example, the subject matter de-
scribed herein may also be utilized to detect and correct
indirect call sign references within clearance communi-
cations, which may otherwise result in confusion among
pilots of different aircraft and/or by the ATC. For example,
after initial contact with ATC is established, the controller
may initiate or otherwise indicate an abbreviated call
sign, such as, for example, a prefix and the last three
digits or letters of the aircraft’s registration number, or
some combination or amalgamation of the aircraft’s type,
manufacturer name, model name and/or registration
number. To track call signs, a table or similar data struc-
ture may be created in a database or other data storage
element that maintains, for each clearance communica-
tion, a call sign for the aircraft associated with the clear-
ance communication, the aircraft model for the aircraft
associated with the clearance communication (if availa-
ble), and one or more tags which may be utilized to iden-
tify the next expected clearance for that aircraft (e.g.,
indicia of the potential operational objective(s) expected
for that aircraft).
[0019] For a newly received clearance communication
that does not include a call sign or only includes an in-
complete or abbreviated call sign, the entries associated
with preceding clearance communications are analyzed
to identify whether the newly received clearance com-
munication corresponds to the next expected clearance
communication associated with a preceding clearance
communication entry, for example, by identifying whether
the more recent clearance communication is a response
to a preceding request clearance communication, wheth-
er the more recent clearance communication is a read-
back, a call back, or other acknowledgment of a preced-

ing clearance communication, whether the more recent
clearance communication includes common values for
the aircraft model, registration number, or other opera-
tional subjects or parameters within the clearance com-
munication, and/or the like. In this regard, when a more
recently received clearance communication corresponds
to the next expected clearance communication for a pre-
ceding clearance communication entry having an estab-
lished full call sign associated therewith, the transcription
of the more recently received clearance communication
is augmented or otherwise modified to include or other-
wise incorporate the full call sign established for that air-
craft in a manner that is syntactically and semantically
consistent with applicable phraseology standard(s). The
database entry associated with the more recently re-
ceived clearance communication is also updated to main-
tain an association with the full call sign established for
that aircraft. Thus, graphical representations of the tran-
scribed clearance communication may include the full
sign to reduce the likelihood of any call sign confusion.
[0020] FIG. 1 depicts an exemplary embodiment of a
system 100 which may be utilized with a vehicle, such
as an aircraft 120. In an exemplary embodiment, the sys-
tem 100 includes, without limitation, a display device 102,
one or more user input devices 104, a processing system
106, a display system 108, a communications system
110, a navigation system 112, a flight management sys-
tem (FMS) 114, one or more avionics systems 116, and
a data storage element 118 suitably configured to support
operation of the system 100, as described in greater de-
tail below.
[0021] In exemplary embodiments, the display device
102 is realized as an electronic display capable of graph-
ically displaying flight information or other data associat-
ed with operation of the aircraft 120 under control of the
display system 108 and/or processing system 106. In this
regard, the display device 102 is coupled to the display
system 108 and the processing system 106, and the
processing system 106 and the display system 108 are
cooperatively configured to display, render, or otherwise
convey one or more graphical representations or images
associated with operation of the aircraft 120 on the dis-
play device 102. The user input device 104 is coupled to
the processing system 106, and the user input device
104 and the processing system 106 are cooperatively
configured to allow a user (e.g., a pilot, co-pilot, or crew
member) to interact with the display device 102 and/or
other elements of the system 100, as described in greater
detail below. Depending on the embodiment, the user
input device(s) 104 may be realized as a keypad, touch-
pad, keyboard, mouse, touch panel (or touchscreen), joy-
stick, knob, line select key or another suitable device
adapted to receive input from a user. In some exemplary
embodiments, the user input device 104 includes or is
realized as an audio input device, such as a microphone,
audio transducer, audio sensor, or the like, that is adapt-
ed to allow a user to provide audio input to the system
100 in a "hands free" manner using speech recognition.
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[0022] The processing system 106 generally repre-
sents the hardware, software, and/or firmware compo-
nents configured to facilitate communications and/or in-
teraction between the elements of the system 100 and
perform additional tasks and/or functions to support op-
eration of the system 100, as described in greater detail
below. Depending on the embodiment, the processing
system 106 may be implemented or realized with a gen-
eral purpose processor, a content addressable memory,
a digital signal processor, an application specific integrat-
ed circuit, a field programmable gate array, any suitable
programmable logic device, discrete gate or transistor
logic, processing core, discrete hardware components,
or any combination thereof, designed to perform the func-
tions described herein. The processing system 106 may
also be implemented as a combination of computing de-
vices, e.g., a plurality of processing cores, a combination
of a digital signal processor and a microprocessor, a plu-
rality of microprocessors, one or more microprocessors
in conjunction with a digital signal processor core, or any
other such configuration. In practice, the processing sys-
tem 106 includes processing logic that may be configured
to carry out the functions, techniques, and processing
tasks associated with the operation of the system 100,
as described in greater detail below. Furthermore, the
steps of a method or algorithm described in connection
with the embodiments disclosed herein may be embod-
ied directly in hardware, in firmware, in a software module
executed by the processing system 106, or in any prac-
tical combination thereof. For example, in one or more
embodiments, the processing system 106 includes or
otherwise accesses a data storage element (or memory),
which may be realized as any sort of non-transitory short
or long term storage media capable of storing program-
ming instructions for execution by the processing system
106. The code or other computer-executable program-
ming instructions, when read and executed by the
processing system 106, cause the processing system
106 to support or otherwise perform certain tasks, oper-
ations, functions, and/or processes described herein.
[0023] The display system 108 generally represents
the hardware, software, and/or firmware components
configured to control the display and/or rendering of one
or more navigational maps and/or other displays pertain-
ing to operation of the aircraft 120 and/or onboard sys-
tems 110, 112, 114, 116 on the display device 102. In
this regard, the display system 108 may access or include
one or more databases suitably configured to support
operations of the display system 108, such as, for exam-
ple, a terrain database, an obstacle database, a naviga-
tional database, a geopolitical database, a terminal air-
space database, a special use airspace database, or oth-
er information for rendering and/or displaying navigation-
al maps and/or other content on the display device 102.
[0024] In the illustrated embodiment, the aircraft sys-
tem 100 includes a data storage element 118, which con-
tains aircraft procedure information (or instrument pro-
cedure information) for a plurality of airports and main-

tains association between the aircraft procedure infor-
mation and the corresponding airports. Depending on
the embodiment, the data storage element 118 may be
physically realized using RAM memory, ROM memory,
flash memory, registers, a hard disk, or another suitable
data storage medium known in the art or any suitable
combination thereof. As used herein, aircraft procedure
information should be understood as a set of operating
parameters, constraints, or instructions associated with
a particular aircraft action (e.g., approach, departure, ar-
rival, climbing, and the like) that may be undertaken by
the aircraft 120 at or in the vicinity of a particular airport.
An airport should be understood as referring to any sort
of location suitable for landing (or arrival) and/or takeoff
(or departure) of an aircraft, such as, for example, air-
ports, runways, landing strips, and other suitable landing
and/or departure locations, and an aircraft action should
be understood as referring to an approach (or landing),
an arrival, a departure (or takeoff), an ascent, taxiing, or
another aircraft action having associated aircraft proce-
dure information. An airport may have one or more pre-
defined aircraft procedures associated therewith, where-
in the aircraft procedure information for each aircraft pro-
cedure at each respective airport are maintained by the
data storage element 118 in association with one anoth-
er.
[0025] Depending on the embodiment, the aircraft pro-
cedure information may be provided by or otherwise ob-
tained from a governmental or regulatory organization,
such as, for example, the Federal Aviation Administration
in the United States. In an exemplary embodiment, the
aircraft procedure information comprises instrument pro-
cedure information, such as instrument approach proce-
dures, standard terminal arrival routes, instrument de-
parture procedures, standard instrument departure
routes, obstacle departure procedures, or the like, tradi-
tionally displayed on a published charts, such as Instru-
ment Approach Procedure (IAP) charts, Standard Ter-
minal Arrival (STAR) charts or Terminal Arrival Area
(TAA) charts, Standard Instrument Departure (SID)
routes, Departure Procedures (DP), terminal proce-
dures, approach plates, and the like. In exemplary em-
bodiments, the data storage element 118 maintains as-
sociations between prescribed operating parameters,
constraints, and the like and respective navigational ref-
erence points (e.g., waypoints, positional fixes, radio
ground stations (VORs, VORTACs, TACANs, and the
like), distance measuring equipment, non-directional
beacons, or the like) defining the aircraft procedure, such
as, for example, altitude minima or maxima, minimum
and/or maximum speed constraints, RTA constraints,
and the like. In this regard, although the subject matter
may be described in the context of a particular procedure
for purpose of explanation, the subject matter is not in-
tended to be limited to use with any particular type of
aircraft procedure and may be implemented for other air-
craft procedures in an equivalent manner.
[0026] Still referring to FIG. 1, in exemplary embodi-
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ments, the processing system 106 is coupled to the nav-
igation system 112, which is configured to provide real-
time navigational data and/or information regarding op-
eration of the aircraft 120. The navigation system 112
may be realized as a global positioning system (GPS),
inertial reference system (IRS), or a radio-based naviga-
tion system (e.g., VHF omni-directional radio range
(VOR) or long range aid to navigation (LORAN)), and
may include one or more navigational radios or other
sensors suitably configured to support operation of the
navigation system 112, as will be appreciated in the art.
The navigation system 112 is capable of obtaining and/or
determining the instantaneous position of the aircraft
120, that is, the current (or instantaneous) location of the
aircraft 120 (e.g., the current latitude and longitude) and
the current (or instantaneous) altitude or above ground
level for the aircraft 120. The navigation system 112 is
also capable of obtaining or otherwise determining the
heading of the aircraft 120 (i.e., the direction the aircraft
is traveling in relative to some reference). In the illustrated
embodiment, the processing system 106 is also coupled
to the communications system 110, which is configured
to support communications to and/or from the aircraft
120. For example, the communications system 110 may
support communications between the aircraft 120 and
air traffic control or another suitable command center or
ground location. In this regard, the communications sys-
tem 110 may be realized using a radio communication
system and/or another suitable data link system.
[0027] In exemplary embodiments, the processing
system 106 is also coupled to the FMS 114, which is
coupled to the navigation system 112, the communica-
tions system 110, and one or more additional avionics
systems 116 to support navigation, flight planning, and
other aircraft control functions in a conventional manner,
as well as to provide real-time data and/or information
regarding the operational status of the aircraft 120 to the
processing system 106. Although FIG. 1 depicts a single
avionics system 116, in practice, the system 100 and/or
aircraft 120 will likely include numerous avionics systems
for obtaining and/or providing real-time flight-related in-
formation that may be displayed on the display device
102 or otherwise provided to a user (e.g., a pilot, a co-
pilot, or crew member). For example, practical embodi-
ments of the system 100 and/or aircraft 120 will likely
include one or more of the following avionics systems
suitably configured to support operation of the aircraft
120: a weather system, an air traffic management sys-
tem, a radar system, a traffic avoidance system, an au-
topilot system, an autothrust system, a flight control sys-
tem, hydraulics systems, pneumatics systems, environ-
mental systems, electrical systems, engine systems, trim
systems, lighting systems, crew alerting systems, elec-
tronic checklist systems, an electronic flight bag and/or
another suitable avionics system.
[0028] It should be understood that FIG. 1 is a simpli-
fied representation of the system 100 for purposes of
explanation and ease of description, and FIG. 1 is not

intended to limit the application or scope of the subject
matter described herein in any way. It should be appre-
ciated that although FIG. 1 shows the display device 102,
the user input device 104, and the processing system
106 as being located onboard the aircraft 120 (e.g., in
the cockpit), in practice, one or more of the display device
102, the user input device 104, and/or the processing
system 106 may be located outside the aircraft 120 (e.g.,
on the ground as part of an air traffic control center or
another command center) and communicatively coupled
to the remaining elements of the system 100 (e.g., via a
data link and/or communications system 110). Similarly,
in some embodiments, the data storage element 118 may
be located outside the aircraft 120 and communicatively
coupled to the processing system 106 via a data link
and/or communications system 110. Furthermore, prac-
tical embodiments of the system 100 and/or aircraft 120
will include numerous other devices and components for
providing additional functions and features, as will be ap-
preciated in the art. In this regard, it will be appreciated
that although FIG. 1 shows a single display device 102,
in practice, additional display devices may be present
onboard the aircraft 120. Additionally, it should be noted
that in other embodiments, features and/or functionality
of processing system 106 described herein can be im-
plemented by or otherwise integrated with the features
and/or functionality provided by the FMS 114. In other
words, some embodiments may integrate the processing
system 106 with the FMS 114. In yet other embodiments,
various aspects of the subject matter described herein
may be implemented by or at an electronic flight bag
(EFB) or similar electronic device that is communicatively
coupled to the processing system 106 and/or the FMS
114.
[0029] FIG. 2 depicts an exemplary embodiment of a
speech recognition system 200 for transcribing speech,
voice commands or any other received audio communi-
cations (e.g., broadcasts received from the automatic ter-
minal information service (ATIS)). In one or more exem-
plary embodiments, the speech recognition system 200
is implemented or otherwise provided onboard a vehicle,
such as aircraft 120; however, in alternative embodi-
ments, the speech recognition system 200 may be im-
plemented independent of any aircraft or vehicle, for ex-
ample, at a ground location such as an air traffic control
facility. That said, for purposes of explanation, the speech
recognition system 200 may be primarily described here-
in in the context of an implementation onboard an aircraft.
The illustrated speech recognition system 200 includes
a transcription system 202, an audio input device 204 (or
microphone) and one or more communications systems
206 (e.g., communications system 110). The transcrip-
tion system 202 is also coupled to one or more onboard
systems 208 (e.g., one or more avionics systems 108,
110, 112, 114, 116) to provide output signals or other
indicia to a desired destination onboard system 208 (e.g.,
via an avionics bus or other communications medium).
It should be understood that FIG. 2 is a simplified repre-
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sentation of the speech recognition system 200 for pur-
poses of explanation and ease of description, and FIG.
2 is not intended to limit the application or scope of the
subject matter described herein in any way.
[0030] The transcription system 202 generally repre-
sents the processing system or component of the speech
recognition system 200 that is coupled to the microphone
204 and communications system(s) 206 to receive or oth-
erwise obtain audio clearance communications and other
audio communications, analyze the audio content of the
clearance communications, and transcribe the audio
content of the clearance communications, as described
in greater detail below. Depending on the embodiment,
the transcription system 202 may be implemented as a
separate standalone hardware component, while in other
embodiments, the features and/or functionality of the
transcription system 202 may be integrated with and/or
implemented using another processing system (e.g.,
processing system 106). In this regard, the transcription
system 202 may be implemented using any sort of hard-
ware, firmware, circuitry and/or logic components or com-
bination thereof. For example, depending on the embod-
iment, the transcription system 202 may be realized as
a general purpose processor, a content addressable
memory, a digital signal processor, an application spe-
cific integrated circuit, a field programmable gate array,
any suitable programmable logic device, discrete gate or
transistor logic, processing core, a combination of com-
puting devices (e.g., a plurality of processing cores, a
combination of a digital signal processor and a micro-
processor, a plurality of microprocessors, one or more
microprocessors in conjunction with a digital signal proc-
essor core, or any other such configuration), discrete
hardware components, or any combination thereof, de-
signed to perform the functions described herein.
[0031] The audio input device 204 generally repre-
sents any sort of microphone, audio transducer, audio
sensor, or the like capable of receiving voice or speech
input. In this regard, in one or more embodiments, the
audio input device 204 is realized as a microphone (e.g.,
user input device 104) onboard the aircraft 120 to receive
voice or speech annunciated by a pilot or other crew-
member onboard the aircraft 120 inside the cockpit of
the aircraft 120. The communications system(s) 206
(e.g., communications system 110) generally represent
the avionics systems capable of receiving clearance
communications from other external sources, such as,
for example, other aircraft, an air traffic controller, or the
like. Depending on the embodiment, the communications
system(s) 206 could include one or more of a very high
frequency (VHF) radio communications system, a con-
troller-pilot data link communications (CPDLC) system,
an aeronautical operational control (AOC) communica-
tions system, an aircraft communications addressing and
reporting system (ACARS), and/or the like.
[0032] In exemplary embodiments, computer-execut-
able programming instructions are executed by the proc-
essor, control module, or other hardware associated with

the transcription system 202 and cause the transcription
system 202 to generate, execute, or otherwise implement
a clearance transcription application 220 capable of an-
alyzing, parsing, or otherwise processing voice, speech,
or other audio input received by the transcription system
202 to convert the received audio content into a corre-
sponding textual representation. In this regard, the clear-
ance transcription application 220 may implement or oth-
erwise support a speech recognition engine (or voice rec-
ognition engine) or other speech-to-text system. Accord-
ingly, the transcription system 202 may also include var-
ious filters, analog-to-digital converters (ADCs), or the
like, and the transcription system 202 may include or oth-
erwise access a data storage element 210 (or memory)
that stores a speech recognition vocabulary for use by
the clearance transcription application 220 in converting
audio inputs into transcribed textual representations. In
one or more embodiments, the clearance transcription
application 220 may also mark, tag, or otherwise asso-
ciate a transcribed textual representation of a clearance
communication with an identifier or other indicia of the
source of the clearance communication (e.g., the on-
board microphone 204, a radio communications system
206, or the like).
[0033] In exemplary embodiments, the computer-exe-
cutable programming instructions executed by the tran-
scription system 202 also cause the transcription system
202 to generate, execute, or otherwise implement a
clearance table generation application 222 (or clearance
table generator) that receives the transcribed textual
clearance communications from the clearance transcrip-
tion application 220 or receives clearance communica-
tions in textual form directly from a communications sys-
tem 206 (e.g., a CPDLC system). The clearance table
generator 222 parses or otherwise analyzes the textual
representation of the received clearance communica-
tions and generates corresponding clearance communi-
cation entries in a table 224 in the memory 210. In this
regard, the clearance table 224 maintains all of the clear-
ance communications received by the transcription sys-
tem 202 from either the onboard microphone 204 or an
onboard communications system 206.
[0034] In exemplary embodiments, for each clearance
communication received by the clearance table genera-
tor 222, the clearance table generator 222 parses or oth-
erwise analyzes the textual content of the clearance com-
munication using natural language processing and at-
tempts to extract or otherwise identify, if present, one or
more of an identifier contained within the clearance com-
munication (e.g., a flight identifier, call sign, or the like),
an operational subject of the clearance communication
(e.g., a runway, a taxiway, a waypoint, a heading, an
altitude, a flight level, or the like), an operational param-
eter value associated with the operational subject in the
clearance communication (e.g., the runway identifier,
taxiway identifier, waypoint identifier, heading angle, al-
titude value, or the like), and/or an action associated with
the clearance communication (e.g., landing, takeoff,
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pushback, hold, or the like). The clearance table gener-
ator 222 also identifies the radio frequency or communi-
cations channel associated with the clearance commu-
nication and attempts to identify or otherwise determine
the source of the clearance communication. The clear-
ance table generator 222 then creates or otherwise gen-
erates an entry in the clearance table 224 that maintains
an association between the textual content of the clear-
ance communication and the identified fields associated
with the clearance communication. Additionally, the
clearance table generator 222 may analyze the new
clearance communication entry relative to existing clear-
ance communication entries in the clearance table 224
to identify or otherwise determine a conversational con-
text to be assigned to the new clearance communication
entry (e.g., whether a given communication corresponds
to a request, a response, an acknowledgment, and/or
the like).
[0035] Still referring to FIG. 2, in one or more embod-
iments, the processor, control module, or other hardware
associated with the transcription system 202 executes
computer-executable programming instructions that
cause the transcription system 202 to generate, execute,
or otherwise implement a transcription analysis applica-
tion 230 (or transcription analyzer) capable of analyzing,
parsing, or otherwise processing transcriptions of re-
ceived audio communications along with their associated
fields of data maintained in the clearance table 224 to
detect or otherwise identify when a respective received
audio communication does not comply with phraseology
standards information 226 maintained in the data storage
element 210. In this regard, the phraseology standards
information 226 may include reference phraseologies,
verbiage, syntactical rules and/or other syntactical infor-
mation that define or otherwise delineate the applicable
phraseology standard(s) for the aircraft at the current ge-
ographic location of the aircraft, which may be set forth
by the ICAO, the FAA, or another regulatory body or or-
ganization. For example, the phraseology standards 226
may be maintained as a syntactic semantic mapping in
a set of templates and/or rules that are saved or otherwise
stored as a configuration file associated with the tran-
scription analysis application 230. Additionally, the data
storage element 210 may maintain a clearance vocabu-
lary 228 that includes the potential words, alphanumeric
values, terms and/or phrases that are likely to be utilized
in the context of ATC clearance communications. As de-
scribed in greater detail below in the context of FIG. 3,
the transcription analyzer 230 utilizes the applicable
phraseology standard(s) 226 in concert with the clear-
ance vocabulary 228 to perform semantical and syntac-
tical analysis, automatically identify discrepancies be-
tween a transcribed clearance communication and an
expected clearance communication according to the
phraseology standard(s) 226, and automatically aug-
ment the transcribed clearance communication to miti-
gate the potential discrepancies with respect to the ex-
pected clearance communication. As a result, the tran-

scription analyzer 230 generates an augmented tran-
scription of a received audio clearance communication
that corrects for usage of nonstandard (or noncompliant)
phraseology and/or indirect or incomplete information
within the received audio clearance communication.
[0036] In various embodiments, the transcription ana-
lyzer 230 may automatically generate, transmit, or oth-
erwise provide output signals indicative of a detected dis-
crepancy to a display system 108, 208 or another on-
board system 208 to notify the pilot or initiate other re-
medial action when a received audio clearance commu-
nication includes nonstandard phraseology or incom-
plete information. Additionally, when the pilot or other
operator attempts to review the received audio clearance
communication, the transcription analyzer 230 may out-
put or otherwise provide the augmented transcription of
a received audio clearance communication that includes
augmented content that corrects for nonstandard phra-
seology and/or incomplete information to a display sys-
tem 108, 208 or another onboard system 208 to provide
a graphical representation of the augmented transcrip-
tion including the augmented content in lieu of the tran-
scription of the originally received audio clearance com-
munication. In this manner, the augmented transcription
generated by the transcription analyzer 230 reduces the
likelihood of confusion or other miscommunication during
operation of the aircraft.
[0037] FIG. 3 depicts an exemplary embodiment of a
transcription augmentation process 300 suitable for im-
plementation by an aircraft system to augment or other-
wise modify transcribed audio communications to com-
port with applicable phraseology standards. The various
tasks performed in connection with the illustrated process
may be implemented using hardware, firmware, software
executed by processing circuitry, or any combination
thereof. For illustrative purposes, the following descrip-
tion may refer to elements mentioned above in connec-
tion with FIGS. 1-2. In practice, portions of the transcrip-
tion augmentation process 300 may be performed by dif-
ferent elements of the aircraft system 100. That said,
exemplary embodiments are described herein in the con-
text of the transcription augmentation process 300 being
primarily performed by the transcription analyzer 230 at
the transcription system 202 and/or the processing sys-
tem 106. It should be appreciated that the transcription
augmentation process 300 may include any number of
additional or alternative tasks, the tasks need not be per-
formed in the illustrated order and/or the tasks may be
performed concurrently, and/or the transcription aug-
mentation process 300 may be incorporated into a more
comprehensive procedure or process having additional
functionality not described in detail herein. Moreover, one
or more of the tasks shown and described in the context
of FIG. 3 could be omitted from a practical embodiment
of the transcription augmentation process 300 as long
as the intended overall functionality remains intact.
[0038] Referring to FIG. 3 with continued reference to
FIGS. 1-2, in exemplary embodiments, the transcription
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augmentation process 300 continually monitors and an-
alyzes received audio communications to automatically
identify an operational objective for each received audio
communication (task 302). As described above, in ex-
emplary embodiments, the audio content of clearance
communications received at the aircraft are continually
transcribed into corresponding textual representations
(e.g., by the clearance transcription application 220),
which, in turn, are then parsed and analyzed to identify
the operational subjects and parameters specified within
the received sequence of clearance communications
pertaining to the aircraft (e.g., by the clearance table gen-
erator 222). For example, natural language processing
may be applied to the textual representations of the clear-
ance communications directed to the ownship aircraft by
ATC, provided by the ownship aircraft to ATC, or received
from ATIS to identify the operational subject(s) of the
clearance communications and any operational param-
eter value(s) and/or aircraft action(s) associated with the
clearance communications, which are then stored or oth-
erwise maintained in association with the transcribed au-
dio content of the received audio communication in the
clearance table 224. For each entry in the clearance table
224, the transcription analyzer 230 utilizes natural lan-
guage processing, machine learning or artificial intelli-
gence (AI) techniques to perform semantic analysis (e.g.,
parts of speech tagging, position tagging, and/or the like)
on the transcribed audio communication to identify the
operational objective of the communication. In other
words, the audio communication is classified into a par-
ticular operational objective that indicates what the com-
munication is intended to convey with respect to opera-
tion of the aircraft based on the syntax of the operational
subject(s), operational parameter(s) and/or action(s)
contained within the communication. For example, an
ATC clearance communication of "CLEARED RUNWAY
27L" corresponding to an instruction to takeoff from a
particular runway may be classified or otherwise catego-
rized into a takeoff operational objective.
[0039] In some embodiments, the transcription analyz-
er 230 may utilize the current conversational context
and/or transcriptions of preceding audio communications
maintained in the clearance table 224 to intelligently de-
termine the most likely operational objective in the con-
text of the preceding communications to/from the aircraft.
For example, if a preceding audio communication in-
cludes a request by the pilot of the ownship aircraft having
a particular operational objective, the transcription ana-
lyzer 230 may ascertain a subsequent audio clearance
communication received from ATC as a response per-
taining to that same operational objective. Additionally,
some embodiments of the transcription analyzer 230 may
utilize the current operational context of the aircraft at the
time of receipt of the respective audio communication
(e.g., the current flight phase, the current airspace or ge-
ographic region of operation, the current aircraft config-
uration, the current aircraft altitude, and/or the like) to
identify the most likely or probable operational objective

given the current operating context indicated by the on-
board systems 208.
[0040] After determining the operational objective for
the received audio communication, the transcription aug-
mentation process 300 automatically generates or oth-
erwise determines an expected reference communica-
tion for the identified operational objective using the ap-
plicable phraseology standard(s) (task 304). In this re-
gard, based on the identified operational objective, the
transcription analyzer 230 utilizes phraseology standard
information 226 to identify or otherwise determine the
expected syntax for a clearance communication corre-
sponding to the identified operational objective and the
particular operational subject(s), operational parame-
ter(s) and/or action(s) that are required or otherwise ex-
pected to be specified or declared within the clearance
communication. For example, if the objective is takeoff
instruction or command from ATC, the transcription an-
alyzer 230 may determine the expected ATC clearance
communication to include a runway identifier and the call
sign for the intended recipient aircraft based on the stand-
ard phraseology (e.g., "CLEARED RUNWAY [RUNWAY
IDENTIFIER] [AIRCRAFT TAIL NUMBER]").
[0041] After determining an expected reference clear-
ance communication corresponding to the identified op-
erational objective for the received audio communication
using the applicable phraseology standard(s), the tran-
scription augmentation process 300 compares the tran-
scription of the received audio communication to the ex-
pected clearance communication to detect or otherwise
identify whether one or more discrepancies exist (task
306). In this regard, the transcription analyzer 230 at-
tempts to verify or otherwise confirm that the transcription
of the received audio communication includes the re-
quired operational subject(s), operational parameter(s)
and/or action(s) specified by the phraseology standard(s)
for the identified operational objective with the required
order or syntax. When the received audio communication
matches the expected reference clearance communica-
tion or otherwise includes the required components as-
sociated with the expected reference clearance commu-
nication in the same order as the expected reference
clearance communication, the transcription augmenta-
tion process 300 does not modify or augment the tran-
scribed audio communication and exits or waits for the
next subsequent audio communication to be received.
[0042] When the transcription augmentation process
300 identifies a discrepancy between the transcription of
the received audio communication and the expected
clearance communication, the transcription augmenta-
tion process 300 automatically identifies or otherwise de-
termines the expected or probable content missing from
the received audio communication to be utilized when
augmenting the transcription of the received audio com-
munication using the current operational context of the
aircraft and then automatically augments or otherwise
modifies the transcription of the received audio commu-
nication to include or otherwise incorporate the expected
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content and thereby reduce the discrepancy (tasks 308,
310). In this regard, the transcription augmentation proc-
ess 300 attempts to complete or otherwise correct the
transcription of the received audio communication to con-
form with the applicable phraseology standard(s). For
example, when the transcription of the received audio
communication fails to include or specify a value for a
particular operational subject or parameter required by
the phraseology standard(s), the transcription analyzer
230 utilizes the current operational context (e.g., the cur-
rent flight phase, the current airspace or geographic re-
gion of operation, the current aircraft configuration, the
current aircraft altitude, and/or the like) to identify the
most probable or likely value for that operational subject
or parameter based on the current operating state. Sim-
ilarly, if the transcription of the received audio communi-
cation fails to include or specify a particular action for the
aircraft, the transcription analyzer 230 may identify the
most probable or likely action given the current operating
state. In this regard, in addition to information indicative
of the current operational context obtained from one or
more onboard systems 208, the transcription analyzer
230 may also utilize the current and/or preceding con-
versational context using the clearance table 224 to de-
termine the probable or expected content for the audio
communication.
[0043] After identifying the probable or expected con-
tent for the received audio communication that is required
to comport with the applicable phraseology standard(s),
the transcription analyzer 230 may automatically update
the transcription of the clearance communication in the
entry in the clearance table 224 associated with the re-
spective audio communication to an augmented tran-
scription that includes or otherwise incorporates the prob-
able or expected content with respect to the originally
transcribed audio content using a syntax that comports
with the applicable phraseology standard(s). Additional-
ly, the transcription analyzer 230 may tag or otherwise
mark the entry associated with the respective audio com-
munication in the clearance table 224 to indicate or oth-
erwise delineate the augmented portions of the transcrip-
tion relative to the portions of originally transcribed audio
content.
[0044] For example, continuing the above example,
parts of speech tagging and analysis may be performed
on the transcription of a received ATC clearance com-
munication "CLEARED RUNWAY 27L" to attempt to
match the ATC clearance communication to a reference
clearance communication for a takeoff instruction
("CLEARED RUNWAY [RUNWAY IDENTIFIER] [AIR-
CRAFT TAIL NUMBER]"). In response to identifying the
absence of a specified value for the aircraft identifier with-
in the received ATC clearance communication, the tran-
scription augmentation process 300 attempts to com-
plete or otherwise correct the transcription of the received
audio communication to include the aircraft identifier for
the most likely intended recipient aircraft to conform with
the applicable phraseology standard(s). For example,

based on the preceding ATC clearance communications,
the transcription augmentation process 300 may identify
an aircraft on the ground that previously received a taxi
clearance to the identified runway as the likely intended
recipient of the takeoff instruction. Additionally, or alter-
natively, the transcription augmentation process 300
may analyze the various locations of aircraft on the
ground at the airport to identify the likely intended recip-
ient aircraft of the takeoff instruction based on the relative
positions of the aircraft relative to the identified runway.
[0045] Still referring to FIG. 3, it should be appreciated
there are numerous different ways in which the expected
content for the received audio content may be identified
or otherwise derived. For example, in some embodi-
ments, the transcription analyzer 230 may query an air-
port database or other data storage element (e.g., data
storage element 118) to obtain the appropriate identifiers
or values to be utilized for a particular operational subject
or parameter of interest given the current geographic lo-
cation and operational state of the aircraft. For example,
if the expected reference clearance communication ac-
cording to the phraseology standard(s) is required to in-
clude a particular radio frequency communications chan-
nel associated with the current airport or airspace where
the aircraft is currently operating, the transcription ana-
lyzer 230 may query an airport database to identify the
appropriate radio frequency communications channel for
the current airport or airspace and then augment the tran-
scription of the received audio communication to include
the obtained radio frequency communications channel
value in a manner that is syntactically and semantically
consistent with the phraseology standard(s).
[0046] As another example, the transcription analyzer
230 may analyze one or more preceding clearance com-
munications in the clearance table 224 to identify a pre-
viously communicated identifier or value for a particular
operational subject or parameter. For example, when the
operational objective corresponds to an ATC assignment
for a particular operational subject or parameter and the
expected reference clearance communication is required
to include an assigned value for that particular subject or
parameter which is absent from the received audio com-
munication, the transcription analyzer 230 may analyze
one or more preceding clearance communications in the
clearance table 224 to identify a preceding ATC assign-
ment issued to another aircraft for that particular opera-
tional subject or parameter and utilize the value from that
preceding ATC assignment to augment the more recently
received audio communication of interest. Similarly, if the
expected reference clearance communication includes
the full call sign or identifier for the intended recipient
aircraft and the transcription of the received audio com-
munication only includes a partial, incomplete, or indirect
identifier for the intended recipient aircraft, the transcrip-
tion analyzer 230 may analyze one or more preceding
clearance communications in the clearance table 224 to
identify a previously communicated full call sign or iden-
tifier associated with that recipient aircraft and then aug-
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ment or otherwise modify the transcription of the received
audio communication to include the full call sign for the
intended recipient aircraft in place of the partial, incom-
plete, or indirect identifier for the intended recipient air-
craft. In this regard, some embodiments of the clearance
table 224 may include additional columns or tables that
are utilized to track or otherwise maintain call signs and
other aircraft information (e.g., type, manufacturer, mod-
el, registration number and/or the like) associated with
each respective clearance communication. Based on the
preceding clearance communications with respect to a
particular aircraft, the next expected clearance commu-
nication in the sequence of clearance communications
with respect to that particular aircraft may be identified
and utilized to correlate the received audio communica-
tion with that particular aircraft, and thereby identify or
derive the full call sign for the intended recipient aircraft
to be included in the received audio communication as
the full call sign that was previously established for that
particular aircraft.
[0047] As yet another example, the transcription ana-
lyzer 230 may utilize the current operational context to
predict identifiers or values to be utilized for a particular
operational subject or parameter of interest based on the
current state of the aircraft and other data and/or infor-
mation pertaining to the current environment, airspace
or geographic region where the aircraft is operating. In
this regard, when the expected reference clearance com-
munication is missing a value defining a condition of per-
forming a particular action according to the phraseology
standard(s), transcription analyzer 230 may predict or
otherwise determine the probable value for that condi-
tion. For example, if the received audio communication
corresponds to an ATC clearance command to "Hold
Short" without specifying a runway, duration, or other
conditional subject or parameter value that defines the
hold short condition, the transcription analyzer 230 may
predict or otherwise determine the probable value(s) for
augmenting the transcription of the ATC clearance com-
mand based on the current operational context. If the
aircraft is currently taxiing on a taxiway that intersects a
runway ahead of the aircraft’s current location on the tax-
iway, the transcription analyzer 230 predict the ATC likely
intended to specify the next runway the aircraft is likely
to encounter and augment the transcription of the ATC
clearance command to append the runway identifier for
the probable runway to the hold short command (e.g.,
"Hold Short of R25").
[0048] Similarly, if ATC clearance command indicates
a temporal conditional dependency (e.g., "Hold for,"
"Wait for," etc.), the transcription analyzer 230 may cal-
culate or otherwise predict the values for that temporary
conditional dependency based on data and/or informa-
tion pertaining to the current or recent air traffic in the
vicinity of the current geographic location and/or within
the current airspace, such as, for example, automatic
dependent surveillance - broadcast (ADS-B) data ob-
tained via an onboard system 208. For example, based

on one of more of the current geographic location of other
nearby aircraft, the flight paths, taxi clearances, or the
like associated with other aircraft in the vicinity of the
ownship aircraft and/or the current conversational con-
text and sequence of preceding clearance communica-
tions, the transcription analyzer 230 may identify or oth-
erwise determine the other aircraft that was likely intend-
ed to be specified by the ATC and augment the transcrip-
tion of the ATC clearance command to include the full
call sign associated with the identified aircraft in connec-
tion with the conditional command (e.g., "Wait for Traffic
BA1752"). Additionally, or alternatively, the transcription
analyzer 230 may calculate or otherwise predict a dura-
tion for the conditional dependency based on the flight
paths, taxi clearances, preceding clearance communica-
tions and/or the like and augment the transcription of the
ATC clearance command to include the predicted dura-
tion (e.g., "Wait for 2 minutes").
[0049] Still referring to FIG. 3, in one or more embod-
iments, the transcription augmentation process 300
transmits, outputs, or otherwise provides one or more
notifications of the detected discrepancy associated with
the received audio communication (task 312). For exam-
ple, the transcription system 202 and/or the transcription
analyzer 230 may provide a command, signal or other
instruction to a display system (e.g., display system 108)
or another onboard system 208 that causes the destina-
tion onboard system 208 to provide one or more graphical
indicia on a display device (e.g., display device 102) that
includes text that notifies the pilot or other aircraft oper-
ator that the received audio communication did not com-
ply with the applicable phraseology standard(s) or oth-
erwise deviated from what was expected to be received.
In some embodiments, the transcription system 202
and/or the transcription analyzer 230 may provide notifi-
cation or indication of the discrepancy by rendering the
augmented portion of the augmented transcription of the
received audio communication using a visually distin-
guishable characteristic (e.g., a color, font weight, under-
lining, or the like) to provide a visual cue that a depicted
audio communication transcription did not comply with
the applicable phraseology standard(s) or otherwise de-
viated from the expected communication. Thus, a pilot
may exercise increased caution and/or initiate one or
more remedial actions with respect to the received audio
communication (e.g., by requesting clarification or con-
firmation of the received audio communication).
[0050] In exemplary embodiments, the transcription
augmentation process 300 also outputs, generates or
otherwise provides commands or signals corresponding
to the augmented transcription of the received audio
communication to one or more onboard systems (task
314). In this regard, rather than utilizing the originally re-
ceived audio communication that did not comply with the
applicable phraseology standard(s) or otherwise deviat-
ed from the expected communication to alter, configure
or otherwise influence operation of an onboard system
208, the transcription system 202 and/or the transcription
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analyzer 230 may provide a command, signal or other
instruction that includes the augmented content to the
onboard system 208 for implementation and/or execu-
tion. For example, the transcription system 202 and/or
the transcription analyzer 230 may transmit or otherwise
provide the augmented transcription of the received
clearance communication to a display system 108, 208
to render or otherwise depict a graphical represented of
the augmented transcription of the received audio clear-
ance communication that includes the augmented con-
tent identified by transcription analyzer 230. In a similar
manner, the transcription system 202 and/or the tran-
scription analyzer 230 may transmit or otherwise provide
commands, signals or instructions corresponding to the
augmented transcription of the received clearance com-
munication to another onboard system 208 to effectuate
the augmented content identified by transcription ana-
lyzer 230 at that destination onboard system 208. For
example, when the transcription of a received ATC clear-
ance audio communication is augmented to include a
radio frequency channel that was omitted from the orig-
inally received ATC clearance audio communication, the
transcription system 202 and/or the transcription analyz-
er 230 may transmit or otherwise provide commands,
signals or instructions indicative of the probable radio
frequency channel identified by the transcription analyzer
230 to a communication system 110, 208 facilitate utili-
zation of the augmented radio frequency channel at the
communication system 110, 208. In a similar manner,
when the transcription of a received ATC clearance audio
communication is augmented to include values for par-
ticular operational subject or parameters that were omit-
ted from the originally received ATC clearance audio
communication, the transcription system 202 and/or the
transcription analyzer 230 may transmit or otherwise pro-
vide commands, signals or instructions indicative of the
augmented values identified by the transcription analyzer
230 to the FMS 114, 208 facilitate utilization of the aug-
mented values at the FMS 114, 208 (e.g., to update a
flight plan, a taxi clearance, and/or the like).
[0051] FIG. 4 depicts an exemplary navigational map
graphical user interface (GUI) displays that may be dis-
played, rendered, or otherwise presented by a display
system 108 and/or a processing system 106 on a display
device 102 onboard an aircraft 120 in connection with
the transcription augmentation process 300 of FIG. 3.
FIG. 4 depicts a three-dimensional forward-looking per-
spective view navigational map GUI display 400 (e.g., a
synthetic vision display, a primary flight display, or the
like); however, it should be appreciated the subject mat-
ter described herein is not limited to any particular type
or configuration of GUI displays and may be implemented
in an equivalent manner in the context of two-dimensional
lateral map displays, vertical profile displays or vertical
situation displays, or any other sort of GUI display that
may be presented in connection with operation of an air-
craft or other vehicle.
[0052] The navigational map GUI display 400 includes

a graphical representation 402 of the aircraft overlaid or
rendered on top of a background 404, which generally
includes a graphical representation of the terrain, topol-
ogy, navigational reference points, airspace designa-
tions and/or restrictions, or other suitable items or points
of interest corresponding to the currently displayed area
of the map 400, which may be maintained in a terrain
database, a navigational database, a geopolitical data-
base, or another suitable database (e.g., database 118).
In this regard, FIG. 4 depicts a scenario where the aircraft
is located on the ground at an airport, where the display
system 108 and/or processing system 106 renders a
graphical representation of the runways, taxiways, ter-
minal areas, gates, and/or other objects associated with
the airport that are located within the currently displayed
geographic area of the map 400. In one or more embod-
iments, the geographic location of the map 400 corre-
sponding to the middle or center of the map 400 corre-
sponds to the current geographic location of the aircraft
to maintain the displayed area of the map 400 centered
on the aircraft symbology 402. In this regard, the map
400 may be associated with the movement of the aircraft,
and the aircraft symbology 402 and/or background 404
refreshes or otherwise updates as the aircraft travels,
such that the graphical representation of the aircraft 402
is positioned over the terrain background 404 in a manner
that accurately reflects the current (e.g., instantaneous
or substantially real-time) real-world positioning of the
aircraft relative to the Earth.
[0053] Referring to FIG. 4 with reference to FIGS. 2-3,
in the illustrated embodiment, the navigational map dis-
play 400 includes a graphical representation 406 of an
augmented transcription of the received audio of an orig-
inal ATC clearance communication consisting of the
words "Contact Departure" in connection with the tran-
scription augmentation process 300. In this regard, as
described above, based on the content of the received
ATC clearance communication ("Contact Departure"),
the transcription analyzer 230 and/or the transcription
augmentation process 300 may automatically determine
the operational objective associated with the ATC clear-
ance communication was to initiate a handoff to the de-
parture controller (task 302). Based on the operational
objective to handoff the aircraft to another controller, the
transcription analyzer 230 and/or the transcription aug-
mentation process 300 utilizes the applicable phraseol-
ogy standard(s) 226 and clearance vocabulary 228 to
determine an expected reference ATC clearance com-
munication that includes a specified radio frequency
channel value for the destination controller that the air-
craft is being handed off to (e.g., "Contact Departure [as-
signed frequency placeholder]") (task 304). Based on the
absence of a specified value for the assigned frequency
operational parameter within the originally received ATC
clearance communication at the syntactical position of
the assigned frequency operational parameter value
placeholder within the expected reference ATC clear-
ance communication, the transcription analyzer 230
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and/or the transcription augmentation process 300 auto-
matically detects or otherwise identifies a discrepancy
associated with the received ATC clearance communi-
cation (e.g., task 306).
[0054] As described above, based on the current ge-
ographic location, the flight phase of the aircraft and/or
other contextual operating information (e.g., on the
ground in a taxing flight phase at the start of the flight
plan), the transcription analyzer 230 and/or the transcrip-
tion augmentation process 300 automatically identifies
the departure tower radio frequency channel value as-
sociated with the current airport and/or airspace, for ex-
ample, by querying a database and/or analyzing preced-
ing clearance communications including ATC commands
for handoffs to the departure tower (task 308). The tran-
scription analyzer 230 and/or the transcription augmen-
tation process 300 automatically augments the transcrip-
tion of the received ATC clearance communication to ap-
pend the identified value for the assigned frequency op-
erational parameter value placeholder of the expected
ATC clearance communication to the originally tran-
scribed content of the received ATC clearance commu-
nication (e.g., "Contact Departure 121.49") (task 310).
Thereafter, when the pilot attempts to review the received
ATC clearance communication on the display device
102, the transcription analyzer 230 and/or the transcrip-
tion augmentation process 300 may provide the aug-
mented transcription of the ATC clearance communica-
tion to the display system 108, 208, which, in turn renders
the graphical representation 406 of the augmented tran-
scription overlying the navigational map 400 (task 312).
In this regard, the transcription analyzer 230 and/or the
transcription augmentation process 300 may tag or oth-
erwise indicate the augmented portion of the augmented
transcription, such that the graphical representation of
the augmented portion 408 (e.g., the radio frequency
channel value 121.49) is rendered using one or more
different visually distinguishable characteristics relative
to the rendering of the remaining original portion of the
transcription (task 310), thereby conveying to the pilot
that the received ATC clearance communication did not
comport with the applicable phraseology standard(s) or
otherwise deviated from the syntax of the expected hand-
off instruction. For example, the augmented portion 408
may be rendered using yellow, red, or another color in-
tended to convey a higher level of caution to the pilot
while rendering the remaining portion of the graphical
representation of the transcribed ATC clearance com-
munication using a normal color (e.g., black).
[0055] FIG. 5 depicts another exemplary embodiment
of a navigational map GUI display 500 that may be dis-
played, rendered, or otherwise presented by a display
system 108 and/or a processing system 106 on a display
device 102 onboard an aircraft 120 in connection with
the transcription augmentation process 300 of FIG. 3.
Referring to FIG. 5 with reference to FIGS. 2-3, in the
illustrated embodiment, the navigational map display 500
includes a graphical representation 506 of an augmented

transcription of the received audio of an original ATC
clearance communication consisting of the words "Fol-
low Traffic on the Runway" in connection with the tran-
scription augmentation process 300. In this regard, as
described above, based on the content of the received
ATC clearance communication, the transcription analyz-
er 230 and/or the transcription augmentation process 300
may automatically determine the operational objective
associated with the ATC clearance communication was
to follow a particular aircraft on a particular runway or
taxiway. Based on the operational objective, the tran-
scription analyzer 230 and/or the transcription augmen-
tation process 300 utilizes the applicable phraseology
standard(s) 226 and clearance vocabulary 228 to deter-
mine an expected reference ATC clearance communi-
cation that includes a call sign for the aircraft to be fol-
lowed (e.g., "Follow Traffic [call sign]") and a valid runway
or taxiway identifier. In this regard, based on the absence
of a specified call sign for the traffic to be followed within
the originally received ATC clearance communication,
the transcription analyzer 230 and/or the transcription
augmentation process 300 automatically detects or oth-
erwise identifies a discrepancy associated with the re-
ceived ATC clearance communication.
[0056] Based on the current location of the ownship
aircraft and other aircraft in the vicinity of the aircraft, the
transcription analyzer 230 and/or the transcription aug-
mentation process 300 automatically identifies the prob-
able or predicted aircraft to be followed by the ownship
aircraft that is ahead of the ownship aircraft (e.g., by using
the taxi clearance for the ownship aircraft) and then au-
tomatically augments the transcription of the received
ATC clearance communication to append the full call sign
for the identified aircraft value for the call sign placeholder
of the expected ATC clearance communication to the
originally transcribed content of the received ATC clear-
ance communication (e.g., "Follow Traffic BA1752"). Ad-
ditionally, based on the current location of the ownship
aircraft and/or the probable aircraft, the current conver-
sational context and/or preceding clearance communi-
cations, and/or other operational context information, the
transcription analyzer 230 and/or the transcription aug-
mentation process 300 automatically determines the run-
way identifier that was expected to be provided in the
received ATC clearance communication (e.g., based on
the runway the identified aircraft BA1752 is currently on
or taxing towards) and augments the transcription of the
received ATC clearance communication to include the
runway identifier in addition to the traffic call sign (e.g.,
"Follow Traffic BA1752 on Runway 28").
[0057] As described above, the transcription analyzer
230 and/or the transcription augmentation process 300
provides the augmented transcription of the ATC clear-
ance communication to the display system 108, 208,
which, in turn renders the graphical representation 506
of the augmented transcription overlying the navigational
map 400, with the graphical representations of the aug-
mented portions 508, 510 being rendered using one or
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more different visually distinguishable characteristics rel-
ative to the rendering of the remaining original portion of
the transcription to convey that the identified aircraft and
runway were not part of the originally received ATC clear-
ance communication. Thus, a pilot may exercise in-
creased caution and/or initiate one or more remedial ac-
tions with respect to the received audio communication
(e.g., by requesting clarification or confirmation of the
runway, etc.).
[0058] FIG. 6 depicts another exemplary embodiment
of a navigational map GUI display 600 that may be dis-
played, rendered, or otherwise presented by a display
system 108 and/or a processing system 106 on a display
device 102 onboard an aircraft 120 in connection with
the transcription augmentation process 300 of FIG. 3.
Referring to FIG. 6 with reference to FIGS. 2-3, in the
illustrated embodiment, the navigational map display 600
includes a graphical representation 606 of an augmented
transcription of the received audio of an original ATC
clearance communication consisting of the words "Hold
Short of Runway 25" in connection with the transcription
augmentation process 300. In this regard, FIG. 6 depicts
a scenario where the expected reference ATC clearance
communication according to the applicable phraseology
standard(s) 226 includes a conditional duration for the
hold short operational objective, where the transcription
analyzer 230 and/or the transcription augmentation proc-
ess 300 automatically calculates or otherwise deter-
mines a predicted duration for the hold short instruction
based on the current operational context. For example,
as described above, the transcription analyzer 230 may
calculate or otherwise predict a value for the hold short
duration based on one of more of the current geographic
location of other nearby aircraft, the flight paths, taxi
clearances, or the like associated with other aircraft in
the vicinity of the ownship aircraft and/or the current con-
versational context and sequence of preceding clear-
ance communications, and/or the like. Thereafter, the
transcription analyzer 230 and/or the transcription aug-
mentation process 300 automatically augments the tran-
scription of the received ATC clearance communication
to append the predicted hold short duration to the origi-
nally transcribed content of the received ATC clearance
communication (e.g., "Hold Short of Runway 25 for 2 min-
utes"). The augmented transcription of the ATC clear-
ance communication is provided to the display system
108, 208, which, in turn renders the graphical represen-
tation 606 of the augmented transcription overlying the
navigational map 600, with the graphical representations
of the augmented portion 608 being rendered using one
or more different visually distinguishable characteristics
relative to the rendering of the remaining original portion
of the transcription.
[0059] FIG. 7 depicts another exemplary embodiment
of a navigational map GUI display 600 that may be dis-
played, rendered, or otherwise presented by a display
system 108 and/or a processing system 106 on a display
device 102 onboard an aircraft 120 in connection with

the transcription augmentation process 300 of FIG. 3. In
this regard, FIG. 7 depicts a scenario where the tran-
scription analyzer 230 and/or the transcription augmen-
tation process 300 is unable to identify or otherwise de-
termine content for augmenting the received audio com-
munication. Rather than presenting an augmented tran-
scription of the received audio communication, the tran-
scription analyzer 230 and/or the transcription augmen-
tation process 300 presents or otherwise provides a no-
tification 706 that the received audio communication did
not comply with the applicable phraseology standard(s)
226 and/or deviates from the expected clearance com-
munication in concert with providing a graphical repre-
sentation of the transcription of the received audio com-
munication. In this regard, the notification 706 may in-
clude explanatory information that explains or otherwise
indicates the discrepancies associated with the received
audio communication or how or why the current opera-
tional context was unable to be utilized to augment or
resolve the discrepancies. In this manner, the pilot or
other aircraft operator may be apprised of the potential
issues associated with the received audio communica-
tion, thereby allowing the pilot to request clarification or
confirmation of the received audio communication or oth-
erwise initiate one or more remedial actions rather than
acting on the received audio communication without
awareness of the discrepancy.
[0060] For the sake of brevity, conventional techniques
related to user interfaces, speech recognition, avionics
systems, 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 exemplary functional
relationships and/or physical couplings between the var-
ious elements. It should be noted that many alternative
or additional functional relationships or physical connec-
tions may be present in an embodiment of the subject
matter.
[0061] The subject matter may be described herein in
terms of functional and/or logical block components, and
with reference to symbolic representations of operations,
processing tasks, and functions that may be performed
by various computing components or devices. It should
be appreciated that the various block components shown
in the figures may be realized by any number of hardware
components configured to perform the specified func-
tions. For example, an embodiment of a system or a com-
ponent 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. Furthermore, embodiments of the subject matter
described herein can be stored on, encoded on, or oth-
erwise embodied by any suitable non-transitory compu-
ter-readable medium as computer-executable instruc-
tions or data stored thereon that, when executed (e.g.,
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by a processing system), facilitate the processes de-
scribed above.
[0062] The foregoing description refers to elements or
nodes or features being "coupled" together. As used
herein, unless expressly stated otherwise, "coupled"
means that one element/node/feature is directly or indi-
rectly joined to (or directly or indirectly communicates
with) another element/node/feature, and not necessarily
mechanically. Thus, although the drawings may depict
one exemplary arrangement of elements directly con-
nected to one another, additional intervening elements,
devices, features, or components may be present in an
embodiment of the depicted subject matter. In addition,
certain terminology may also be used herein for the pur-
pose of reference only, and thus are not intended to be
limiting.
[0063] The foregoing detailed description is merely ex-
emplary in nature and is not intended to limit the subject
matter of the application and uses thereof. Furthermore,
there is no intention to be bound by any theory presented
in the preceding background, brief summary, or the de-
tailed description.
[0064] While at least one exemplary embodiment has
been presented in the foregoing detailed description, 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 exam-
ples, and are not intended to limit the scope, applicability,
or configuration of the subject matter in any way. Rather,
the foregoing detailed description will provide those
skilled in the art with a convenient road map for imple-
menting an exemplary embodiment of the subject matter.
It should be 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 subject matter as set forth in the
appended claims. Accordingly, details of the exemplary
embodiments or other limitations described above
should not be read into the claims absent a clear intention
to the contrary.

Claims

1. A method of assisting operation of a vehicle, the
method comprising:

identifying an operational objective for an audio
communication with respect to the vehicle;
determining an expected clearance communi-
cation for the vehicle based at least in part on
the operational objective;
identifying a discrepancy between a transcrip-
tion of the audio communication and the expect-
ed clearance communication;
augmenting the transcription of the audio com-
munication using a current operational context
to reduce the discrepancy, resulting in an aug-

mented transcription of the audio communica-
tion; and
providing a graphical indication influenced by
the augmented transcription of the audio com-
munication.

2. The method of claim 1, wherein determining the ex-
pected clearance communication comprises deter-
mining a reference clearance communication com-
prising standard phraseology for the operational ob-
jective based on one or more phraseology stand-
ards.

3. The method of claim 2, wherein:

the discrepancy comprises a difference be-
tween the transcription of the audio communi-
cation and the reference clearance communica-
tion; and
augmenting the transcription of the audio com-
munication comprises modifying the transcrip-
tion to comport with the standard phraseology
using the current operational context.

4. The method of claim 1, wherein:

determining the expected clearance communi-
cation comprises determining a next expected
clearance for the vehicle based at least in part
on one or more preceding clearance communi-
cations;
the discrepancy comprises a difference be-
tween the transcription of the audio communi-
cation and the next expected clearance; and
augmenting the transcription of the audio com-
munication comprises modifying the transcrip-
tion to match the next expected clearance using
the current operational context.

5. The method of claim 1, wherein:

the expected clearance communication com-
prises a placeholder for an expected parameter
value;
the discrepancy comprises an absence of the
expected parameter value in the transcription of
the audio communication; and
augmenting the transcription of the audio com-
munication comprises modifying the transcrip-
tion to include the expected parameter value.

6. The method of claim 5, further comprising determin-
ing the expected parameter value based on the cur-
rent operational context.

7. The method of claim 1, further comprising determin-
ing a current conversational context based at least
in part on one or more preceding clearance commu-
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nications, wherein the current operational context
comprises the current conversational context.

8. The method of claim 1, further comprising determin-
ing an expected parameter value based on the cur-
rent operational context, wherein:

augmenting the transcription of the audio com-
munication comprises augmenting the tran-
scription to include the expected parameter val-
ue; and
the current operational context comprises at
least one of a current geographic location, a cur-
rent flight phase, a current aircraft procedure, or
a current aircraft action.

9. The method of claim 1, wherein:

the vehicle comprises an aircraft;
the current operational context comprises air
traffic data pertaining to other aircraft in a vicinity
of the aircraft; and
augmenting the transcription comprises:

predicting an expected parameter value
based at least in part on the air traffic data;
and
augmenting the transcription to include the
expected parameter value.

10. The method of claim 1, wherein:

the discrepancy comprises an indirect reference
to an operational subject within the transcription;
augmenting the transcription comprises:

determining an expected value for the op-
erational subject based on the current op-
erational context; and
augmenting the transcription to include the
expected value in place of the indirect ref-
erence;

the vehicle comprises an aircraft; and
the operational subject comprises at least one
of a runway, a taxiway, a waypoint, a radio fre-
quency channel and another aircraft.

11. The method of claim 1, further comprising querying
a data storage element using the current operational
context to obtain an expected parameter value,
wherein augmenting the transcription of the audio
communication comprises augmenting the tran-
scription to include the expected parameter value.

12. The method of claim 1, wherein:

the discrepancy comprises an incomplete call

sign; and
augmenting the transcription of the audio com-
munication comprises:

further comprising determining a full call
sign for an aircraft based on one or more
preceding clearance communications; and
modifying the transcription to include the full
call sign in place of the incomplete call sign.

13. The method of claim 1, wherein:

identifying the operational objective comprises
performing semantic analysis of the transcrip-
tion of the audio communication using natural
language processing to identify an intent of the
audio communication;
determining the expected clearance communi-
cation comprises determining a reference syn-
tax for a clearance communication associated
with the intent of the audio communication
based on one or more phraseology standards;
and
identifying the discrepancy comprises compar-
ing a syntax of the transcription of the audio com-
munication to the reference syntax to identify a
difference.

14. A computer-readable medium having computer-ex-
ecutable instructions stored thereon that, when ex-
ecuted by a processing system, cause the process-
ing system to:

identify an operational objective for an audio
communication with respect to a vehicle;
determine an expected clearance communica-
tion for the vehicle based at least in part on the
operational objective;
identify a discrepancy between a transcription
of the audio communication and the expected
clearance communication;
augment the transcription of the audio commu-
nication using a current operational context to
reduce the discrepancy, resulting in an aug-
mented transcription of the audio communica-
tion; and
provide a graphical indication influenced by the
augmented transcription of the audio communi-
cation.

15. A system comprising:

a communications system to receive an audio
communication with respect to a vehicle;
a data storage element to maintain information
pertaining to a phraseology standard; and
a processing system coupled to the communi-
cations system and the data storage element to:
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identify an operational objective for the au-
dio communication;
determine an expected clearance commu-
nication for the vehicle based at least in part
on the operational objective using the infor-
mation pertaining to the phraseology stand-
ard;
identify a discrepancy between a transcrip-
tion of the audio communication and the ex-
pected clearance communication;
augment the transcription of the audio com-
munication using a current operational con-
text to reduce the discrepancy, resulting in
an augmented transcription of the audio
communication; and
output an indication influenced by the aug-
mented transcription of the audio commu-
nication.
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