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(57)  Methods and systems are provided for assisting
operation of a vehicle using speech recognition and tran-
scription to provide a conversation log graphical user in-
terface (GUI) display that consolidates communications
with respect to the vehicle. One method involves receiv-
ing a data message from a system onboard the vehicle
and generating a graphical representation of the data
message within the conversation log GUI display, where-

cludes a selectable element and is displayed on the con-
versation log GUI display concurrently with a graphical
representation of a transcription of an audio communi-
cation with respect to the vehicle. The depicted data mes-
sage and transcription are chronologically positioned
with respect to one another in accordance with a times-
tamp associated with the data message. The conversa-
tion log GUI display dynamically updates in response to

in the graphical representation of the data message in- selection of the selectable element.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to India Provi-
sional Patent Application No. 202111031126, filed July
12, 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 consolidating communications
from different onboard sources.

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. A pilot or crewmember onboard that aircraft sub-
sequently acknowledges the request (e.g., by reading
back the received information) in a separate communi-
cation that also includes the call sign. As a result, the
ATC can determine that the correct aircraft has acknowl-
edged the request, that the request was correctly under-
stood, what the pilot intends to do, etc. Unfortunately,
there are numerous factors that can complicate clear-
ance communications, or otherwise result in a misinter-
pretation of a clearance communication, such as, for ex-
ample, the volume of traffic in the airspace, similarities
between call signs of different aircrafts in the airspace,
congestion or interference on the communications chan-
nel being utilized, and/or human fallibilities (e.g., inexpe-
rience, hearing difficulties, memory lapse, language bar-
riers, distractions, fatigue, etc.).

[0004] In addition to audio communications with ATC,
aircraft may also receive alerts, advisories, notices, in-
structions or other clearance communications from var-
ious other sources, such as, for example, a controller-
pilot datalink (CPDLC) system, an automatic terminal in-
formation service (ATIS), an aircraft communications ad-
dressing and reporting system (ACARS), and the like.
Thus, when a pilot attempts to brief or review received
communications, the pilot is often required to manually
locate and obtain the desired information from different
sources onboard the aircraft, and then either jot down or
mentally retain and synthesize the information to obtain
a comprehensive understanding of the current situation.
Accordingly, it is desirable to provide aircraft systems
and methods that reduce head-down time and facilitate
a pilot maintaining situational awareness and adhering
to clearances, instructions or other communications from
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various onboard sources to improve safety and efficiency
of operation. Other desirable features and characteristics
of the methods and systems will become apparent from
the subsequent detailed description and the appended
claims, taken in conjunction with the accompanying
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 ob-
taining a transcription of an audio communication with
respect to the vehicle, generating a conversation log
graphical user interface (GUI) display including a graph-
ical representation of the transcription of the audio com-
munication, receiving a data message from a system on-
board the vehicle, and generating a graphical represen-
tation of the data message within the conversation log
GUI display. The graphical representation of the data
message includes a selectable element associated with
the data message, and the graphical representation of
the data message and the graphical representation of
the transcription of the audio communication are concur-
rently displayed on the conversation log GUI display. The
graphical representation of the data message is also po-
sitioned with respect to the graphical representation of
the transcription of the audio communication in accord-
ance with a timestamp associated with the data mes-
sage. The method dynamically updates the conversation
log GUI display in response to selection of the selectable
element.

[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 obtain a transcription of an audio
communication with respect to a vehicle, generate a con-
versation log graphical user interface (GUI) display in-
cluding a graphical representation of the transcription of
the audio communication, receive a data message from
a system onboard the vehicle and generate a graphical
representation of the data message within the conversa-
tion log GUI display. The graphical representation of the
data message includes a selectable element associated
with the data message and the graphical representation
of the data message and the graphical representation of
the transcription of the audio communication are concur-
rently displayed on the conversation log GUI display, with
the graphical representation of the data message being
positioned with respect to the graphical representation
of the transcription of the audio communication in accord-
ance with a timestamp associated with the data mes-
sage. The computer-executable instructions cause the
processing system to dynamically update the conversa-
tion log GUI display in response to selection of the se-
lectable element.

[0007] In another embodiment, a system is provided
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that includes a display device, a data storage element to
maintain a transcription of an audio communication with
respect to a vehicle, and a processing system coupled
to the display device and the data storage element. The
processing system is configurable to generate, on the
display device, a conversation log graphical user inter-
face (GUI) display including a graphical representation
of the transcription of the audio communication, receive
a data message from a system onboard the vehicle, gen-
erate a graphical representation of the data message
within the conversation log GUI display that includes a
selectable graphical user interface element associated
with the data message, and dynamically update the con-
versation log GUI display in response to selection of the
selectable graphical user interface element associated
with the data message. The graphical representation of
the data message and the graphical representation of
the transcription of the audio communication are concur-
rently displayed on the conversation log GUI display, and
the graphical representation of the data message is po-
sitioned with respect to the graphical representation of
the transcription of the audio communication in accord-
ance with a timestamp associated with the data mes-
sage.

[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
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 message fusion process
suitable for implementation by the speech recogni-
tion system of FIG. 2 in the aircraft system of FIG. 1
in one or more exemplary embodiments; and

FIGS. 4-5 depict exemplary conversation log graph-
ical user interface (GUI) displays suitable for pres-
entation on a display device in the system of FIG. 1
orFIG. 2in connection with the message fusion proc-
ess of FIG. 3 in accordance with one or more em-
bodiments.
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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 con-
solidating presentation of clearance communications
and/or other audio communications associated with a ve-
hicle with text messages or other data messages (e.g.,
an image or the like) received via one or more onboard
systems on a common display. By consolidating different
types of communications from different sources on a
common display, head-down time may be reduced and
situational awareness improved by enabling a vehicle
operator to more quickly review or brief the aggregated
information in one place, rather than having to locate and
consult different displays, systems or components on-
board the vehicle. 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 equivalentmanner
for ground operations, marine operations, or otherwise
inthe context of other types of vehicles and travel spaces.
[0012] As described in greater detail below primarily in
the context of FIGS. 2-5, audio communications received
at the aircraft are transcribed and the corresponding tex-
tual representation of the transcribed audio communica-
tions is graphically presented on a conversation log
graphical user interface (GUI) display that includes
graphical representations of the transcribed audio com-
munications arranged in a sequential manner in accord-
ance with the timestamps associated with the respective
audio communications. When a text message or other
data message intended for the ownship aircraft is re-
ceived, the conversation log GUI display is updated to
include a graphical representation of the received mes-
sage that is arranged with respect to the transcribed au-
dio communications in a sequential manner in accord-
ance with the timestamp associated with the received
message relative to the timestamps associated with the
transcribed audio communications. For example, a
graphical representation of a controller-pilot datalink
communications (CPDLC) message or similar avionics
message (e.g., in ARINC 702 format or other closed loop
messages between authorized users using a standard
avionics protocol) may be interspersed between graph-
ical representations of transcribed ATC clearance com-
munications to allow a pilot, co-pilot or other crew mem-
ber to concurrently review ATC clearance communica-
tions and CPDLC messages that are concurrently dis-
played and arranged in a sequential manner with respect
to one another on a common display. While the subject
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matter may be described herein primarily in the context
of an aviation-specific data message type or format, such
as a CPDLC message, it should be appreciated that the
subject matter is not limited to any particular type or for-
mat of data message and may be implemented in an
equivalent manner for any sort of data message format
or messaging service (e.g., short message service
(SMS)).

[0013] In exemplary embodiments, the conversation
log GUI display also includes one or more selectable GUI
elements associated with the depicted message that al-
low the pilot, co-pilot or other crew member to initiate or
otherwise perform one or more actions with respect to
the message, such as, for example, accepting a request,
acknowledging a request, rejecting a request, marking
the message as read, deleting the message, and/or the
like. In response to user selection of the selectable GUI
element, the graphical representation of the message on
the conversation log GUI display is dynamically updated
to reflect the selected action by the pilot (e.g., by remov-
ing the selectable GUI element(s), changing a color or
other visually distinguishable graphical characteristic as-
sociated with the depicted message, removing the mes-
sage from the conversation log, and/or the like).

[0014] FIG. 1 depicts an exemplary embodiment of a
system 100 which may be utilized with a vehicle, such
as anaircraft 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
adata storage element 118 suitably configured to support
operation of the system 100, as described in greater de-
tail below.

[0015] 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
otherelements 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
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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.
[0016] 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,
adigital 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.

[0017] 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
thisregard, the display system 108 may access orinclude
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.
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[0018] 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.

[0019] Depending onthe embodiment, the aircraft pro-
cedure information may be provided by or otherwise ob-
tained from a governmental or regulatory organization,
such as, forexample, 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, TACANSs, 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-
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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.

[0020] Still referring to FIG. 1, in exemplary embodi-
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 aradio-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
istravelingin relative to some reference). Inthe 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.

[0021] 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
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another suitable avionics system.

[0022] 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.

[0023] 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., audio broadcasts received from the auto-
matic terminal information service (ATIS)). In one or more
exemplary embodiments, the speech recognition system
200 is implemented or otherwise provided onboard a ve-
hicle, such as aircraft 120; however, in alternative em-
bodiments, the speech recognition system 200 may be
implemented independent of any aircraft or vehicle, for
example, ata 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-
inin 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,
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110, 112, 114, 116) to receive data messages for con-
current presentation with transcribed audio communica-
tions on a common GUI display on a display device 212
(e.g., display device 102), as described in greater detail
below. It should be understood that FIG. 2 is a simplified
representation of the speech recognition system 200 for
purposes 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.

[0024] 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/orlogic 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.
[0025] 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-
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tions system, an aircraft communications addressing and
reporting system (ACARS), and/or the like.

[0026] 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 supporta 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).

[0027] 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.

[0028] 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-
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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,
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).

[0029] 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 conversation log display appli-
cation 230 capable of generating or otherwise providing
a conversation log GUI display that includes graphical
representations of the transcribed audio communications
from the clearance table 224 interspersed with graphical
representations of data messages, text messages and/or
other messages received via one or more onboard sys-
tem(s) 208 in a sequential, time-ordered manner. As de-
scribed in greater detail below in the context of FIGS.
3-5, in one or more embodiments, the conversation log
display application 230 creates or otherwise maintains a
message log 226 in the data storage element 210 that
includes entries corresponding to received messages in-
tended for the ownship aircraft. For example, an entry in
the message log 226 maintains an association between
the text or other content of a received data message and
a timestamp associated with receipt of the message. Ad-
ditionally, the entry in the message log 226 may maintain
an indication of the source of the respective message
(e.g., identification of the particular onboard system 208
the message was received from) along with one or more
additional fields of metadata characterizing the status of
the message (e.g., whether the message is read or un-
read, accepted or rejected, etc.).

[0030] As described in greater detail below in the con-
text of FIGS. 3-5, in one or more embodiments, the con-
versation log display application 230 generates or other-
wise provides one or more buttons or similar selectable
GUI elements associated with the graphical representa-
tion of a received message that allow a pilot or other user
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to initiate or otherwise perform an action with respect to
the received message via a user input device 214 (e.g.,
user input device 104). For example, the received mes-
sage may be a CPDLC text message that includes a
clearance instruction or request, which the pilot may be
capable of accepting or rejecting via selection of a cor-
responding button presented on the conversation log GUI
display. In response to selection of a selectable GUI el-
ement associated with a received message, the conver-
sation log display application 230 dynamically updates
the conversation log GUI display by removing the se-
lectable GUI element(s) that were previously depicted in
association with the received message and updates the
conversation log GUI display to reflect the selected ac-
tion, for example, by modifying a color or other visually
distinguishable graphical characteristic associated with
the depiction of the received message to indicate the
action, removing the depiction of the received message
and/or generating a new confirmation message on the
conversation log GUI display that indicates the selected
action in a sequential, time-ordered manner according
to a timestamp associated with the user selection of the
GUI element. The conversation log display application
230 may also update the message log 226 to include one
or more fields of metadata indicating the selected action
associated with a previously received message and/or
the create a new entry for the confirmation message for
the selected action to be depicted on the conversation
log GUI display.

[0031] Stillreferringto FIG. 2,in one or more exemplary
embodiments, the transcription system 202, the data
storage element 210, the display device 212 and the user
input device 214 are integrated or otherwise implement-
ed at a common electronic device, such as an EFB, a
mobile device, a laptop computer, or the like. In this re-
gard, the transcription system 202 may be communica-
tively coupled to the communications system 206 and/or
one or more of the onboard systems 208 via a wireless
network. For example, referring to FIGS. 1-2, in one em-
bodiment, the aircraft 120 includes a data gateway device
that functions as an intermediary device that supports
wireless communications between onboard systems
110,112,114, 116, 206, 208 and the transcription system
202 at an EFB or other client electronic device. In such
embodiments, the data gateway device may be coupled
to onboard systems 110, 112, 114, 116, 206, 208 via one
or more avionics buses or another suitable communica-
tions medium. Additionally, in such embodiments, re-
ceived audio communications may be streamed from the
gateway device to the EFB without reliance on or utiliza-
tion of any microphone or other local audio input device
associated with the EFB.

[0032] FIG. 3 depicts an exemplary embodiment of a
message fusion process 300 suitable forimplementation
by an aircraft system to provide a consolidated conver-
sation log GUI display that includes graphical represen-
tations of text messages or other data messages inter-
spersed within graphical representations of transcribed
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audio communications. The various tasks performed in
connection with the illustrated process may be imple-
mented using hardware, firmware, software executed by
processing circuitry, or any combination thereof. For il-
lustrative purposes, the following description may refer
to elements mentioned above in connection with FIGS.
1-2. In practice, portions of the message fusion process
300 may be performed by different elements of the air-
craft system 100. That said, exemplary embodiments are
described herein in the context of the message fusion
process 300 being primarily performed by the conversa-
tion log display application 230 at the transcription sys-
tem 202 and/or the processing system 106. It should be
appreciated that the message fusion process 300 may
include any number of additional or alternative tasks, the
tasks need not be performed in the illustrated order
and/or the tasks may be performed concurrently, and/or
the message fusion 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 message fusion process 300 as long
as the intended overall functionality remains intact.

[0033] Referring to FIG. 3 with continued reference to
FIGS. 1-2, in exemplary embodiments, the message fu-
sion process 300 in connection with presentation of a
conversation log GUI display on a display device 102,
212 that includes graphical representations of tran-
scribed ATC clearance communications and/or other re-
ceived audio communications that are sequentially ar-
ranged in a chronological or time-ordered manner. For
example, the conversation log GUI display may be con-
figurable to depict graphical representations of the tran-
scribed audio communications corresponding to entries
in the clearance table 224 where the ownship aircraft was
the sender or intended recipient of the audio communi-
cations in a manner that allows a pilot or other user to
scroll through the transcribed communications to review
individual communications chronologically in the context
of the ongoing conversation. In this regard, the conver-
sation log GUI display may depict only a limited subset
of the most recent communications based on the avail-
able display area allocated to a presentation region of
the conversation log GUI display in concert with a scroll
bar, slider or similar GUI element that allows the user to
view older communications within the presentation re-
gion of the conversation log GUI display. The message
fusion process 300 integrates other messages received
outside of the audio communications into the conversa-
tion log GUI display in a chronological manner that re-
flects the temporal context of the messages with respect
to the conversation context, thereby providing a more
coherent and comprehensive understanding of the vari-
ous communications received at or by various different
systems onboard the aircraft. Thus, a pilot or other user
is alleviated of the manual burden of consulting different
systems or components onboard the aircraftto aggregate
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communications, as well as the mental burden of syn-
thesizing and chronologizing the communications.
[0034] In one or more exemplary embodiments, the
conversationlog GUl display includes a checkbox or sim-
ilar GUI element configurable to allow a user to manually
enable or disable the message fusion process 300 as
desired. In parallel to the message fusion process 300,
audio communications received via a microphone 104,
204 or a radio or other onboard communications system
110, 206 are continually transcribed by the clearance
transcription application 220 and transformed into corre-
sponding entries in the clearance table 224 by the clear-
ance table generator 222. The conversation log display
application 230 continually monitors and analyzes the
clearance table 224 for new entries having the ownship
aircraft as the sender or an intended recipient, and in
response to a new entry, the conversation log display
application 230 dynamically updates the conversation
log GUI display to include a graphical representation of
the transcribed audio of the respective communication
that is depicted chronologically at a position on the con-
versation log GUI display relative to other transcribed
communications and/or messages that corresponds to a
timestamp associated with receipt of the respective audio
communication.

[0035] Still referring to FIG. 3, when enabled, the mes-
sage fusion process 300 continually monitors and ana-
lyzes one or more onboard systems for received text
messages or other data messages (task 302). For ex-
ample, the conversation log display application 230 may
continually monitor an onboard avionics system 116,
208, such as a CPDLC system, an ACARS system,
and/or the like. In this regard, in one or more embodi-
ments, the FMS 114 and/or other avionics system(s) 116
onboard the aircraft 120 may be configured to automat-
ically push or otherwise publish received messages to a
subscribed system. For example, the FMS 114 may be
configured to subscribe to the CPDLC system or other
onboard avionics system(s) 116, 208 that are capable of
receiving text messages or other data messages intend-
ed for the aircraft 120, such that the onboard avionics
system(s) 116, 208 automatically push or otherwise pro-
vide received messages (or indicia thereof) to the sub-
scribed FMS 114 over an avionics bus, a wireless net-
work, or the like. Similarly, the transcription system 202
and/or the conversation log display application 230 may
be subscribed to the FMS 114, so that the FMS 114 au-
tomatically pushes or otherwise provides (e.g., over a
wireless network) received messages to the transcription
system 202 and/or the conversation log display applica-
tion 230 for processing. In this regard, the transcription
system 202 and/or the conversation log display applica-
tion 230 may communicatively coupled to the FMS 114,
208 via a wireless network or other communications me-
dium that allows the transcription system 202 and/or the
conversation log display application 230 to receive mes-
sages received at the aircraft 120 indirectly via the FMS
114, 208 rather than directly from onboard avionics sys-
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tems 116, 208.

[0036] In some embodiments, the message fusion
process 300 determines, verifies or otherwise confirms
that the ownship aircraft is an intended recipient of the
message and discards or otherwise ignores the message
when the ownship aircraft is not the intended recipient
(tasks 304, 306). For example, the conversation log dis-
play application 230 may continually monitor an onboard
avionics system 116, 208 and analyze received messag-
es tofilter or otherwise exclude from further consideration
any messages that are not intended for or otherwise rel-
evant to the ownship aircraft.

[0037] Inresponse toreceiving a message for the own-
ship aircraft, in exemplary embodiments, the message
fusion process 300 generates or otherwise creates an
entry in a message log to maintain the content of the
message in association with a timestamp (or time of re-
ceipt of the message) and generates or otherwise pro-
vides a graphical representation of the content of the
message within the conversation log GUI display (tasks
308, 310). For example, as described above, the conver-
sation log display application 230 may create an entry in
the message log 226 that maintains an association be-
tween the textual contentand/or other content of the mes-
sage, the source of the message, and a timestamp as-
sociated with receipt of the message. Additionally, the
conversation log display application 230 may initialize
one or more additional fields of metadata characterizing
the status of the message to reflect an initial state of the
message (e.g., unread, unacknowledged, etc.). The con-
versation log display application 230 then generates or
otherwise provides a graphical representation of the con-
tent of the received message within the conversation log
GUIl display thatis positioned with respect to the depicted
audio communications transcriptions chronologically in
a manner consistent with the timestamp associated with
the message relative to the timestamps associated with
the audio communications.

[0038] In one or more embodiments, the message fu-
sion process 300 may utilize natural language processing
or other artificial intelligence techniques to augment or
otherwise modify the textual content of the received mes-
sage for semantic and/or syntactic purposes. For exam-
ple, the conversation log display application 230 may fil-
ter or otherwise remove aircraft identifiers or other terms
to translate the content of a text message from a standard
command phraseology (e.g., an international standard
of phraseology set forth in the International Civil Aviation
Organization (ICAO) Annex 10 Volume Il Chapter 5,
ICAO Doc 4444 Chapter 12 and in ICAO Doc 9432 -
Manual of Radiotelephony) into a more conversational
form that is syntactically consistent with normal conver-
sation and conveys the intent or objective of the message
in a manner that is semantically clear before displaying
a graphical representation of the augmented content of
the received message. In thisregard, a CPDLC message
such as "MOONEY 58102 DIRTO AFRIC" may be aug-
mented or otherwise modified to "PROCEED DIRTO AF-
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RIC." It should be noted the augmentation or modification
of the textual content is not limited to any particular im-
plementation, and in practice, may be performed using
a lookup table configurable to map CPDLC messages or
phrases to corresponding conversational messages or
any other suitable natural language processing tech-
nique, machine learning, Al and/or the like.

[0039] Stillreferringto FIG. 3,in one or more exemplary
embodiments, the message fusion process 300 gener-
ates or otherwise provides one or more GUI elements
associated with the depicted message within the conver-
sation log GUI display (task 312). In this regard, the GUI
elements allow the pilot or other user to initiate or other-
wise perform one or more actions with respect to the
message and thereby change the presentation state of
the message. For example, the conversation log display
application 230 may provide buttons or similar selectable
GUI elements that allow a pilot or other user to acknowl-
edge amessage, mark a message as read, delete a mes-
sage, accept a request contained within the message,
reject a request contained within the message, and/or
the like.

[0040] In response to selection of a GUI element as-
sociated with a depicted message, the message fusion
process 300 dynamically updates the conversation log
GUI display to reflect the action with respect to the de-
picted message (task 314). For example, the conversa-
tion log display application 230 may render the graphical
representation of the message using a different color or
other visually distinguishable graphical characteristic to
visually convey that an action has been initiated or oth-
erwise performed with respect to the depicted message.
In this regard, in concert with updating the conversation
log GUI display, the conversation log display application
230 may also update one or more fields of metadata as-
sociated with the message in the message log 226 to
update the status of the message to reflect the action
(e.g., read, acknowledged, accepted, rejected, deleted,
etc.).

[0041] Additionally, in one or more embodiments, mes-
sage fusion process 300 generates or otherwise provides
one or more commands, instructions or other output sig-
nals to one or more onboard systems corresponding to
the selection of the depicted GUI element associated with
the depicted message (task 316). For example, when the
depicted message includes a request or instruction is-
sued for the aircraft 120 by ATC or another operator or
system and the pilot selects a button associated with the
depicted message to accept the request, the conversa-
tion log display application 230 may translate the request
into corresponding command signals or instructions that
are output or otherwise provided to the appropriate des-
tination onboard system(s) 208 for implementing the re-
quest or instruction contained within the message. In this
manner, selection of a GUI element associated with a
depicted message allows the pilot or other user to auto-
matically program the FMS 114, the navigation system
112, the communications system 110, 206 and/or anoth-
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er avionics system 116, 208 onboard the aircraft 120 in-
directly via the conversation log GUI display and the con-
versation log display application 230 rather than manu-
ally programming or implementing the request or instruc-
tion at the appropriate destination onboard system(s)
110, 112, 114, 116, 208.

[0042] FIGS. 4-5 depict an exemplary sequence of
conversation log GUI displays 400, 500 that may be de-
picted on a display associated with an electronic device
402 in connection with the message fusion process 300
of FIG. 3. In this regard, the electronic device 402 could
be realized as any sort of client electronic device, such
as, for example, an EFB, a mobile phone, a smartphone,
a tablet computer, a laptop computer, and/or the like. In
yet other embodiments, the electronic device 402 could
be realized as a multi-function control and display unit
(MCDU), a display device 102 incorporated to a flight
deck of an aircraft 120, or another hardware component
of an onboard system 108, 110, 112, 114, 116, 208 that
isincorporated with the flight deck or cockpit of the aircraft
120.

[0043] The conversation log GUI displays 400, 500 in-
clude graphical representations of transcribed audio ATC
communications 404, 406 presented in a top-down
chronological order, such that more recent audio com-
munications are depicted below preceding audio com-
munications, with the newest or most recent audio com-
munication at or near the bottom of the conversation log
GUI display 400, 500 and the oldest or least recent audio
communication at or near the top of the conversation log
GUI display 400, 500. In this regard, as audio communi-
cations are received, the conversation log GUI display
400, 500 effectively scrolls downward to maintain the
most recent audio communications displayed within the
presentation region (or window) of the conversation log
GUI display 400, 500 while graphical representations of
older audio communications advance upward out of the
presentation region. In this regard, the conversation log
GUI display 400, 500 may include a slider or similar GUI
element adapted to allow the pilot or other user to adjust
the positioning of the presentation region to encompass
graphical representations of a particular subset of previ-
ously-received audio communications. In some embod-
iments, the graphical representations 404 of the tran-
scribed audio ATC communications issued by the pilot
or other user onboard the ownship aircraft 120 may be
rendered at or along a first side or edge of the conversa-
tion log GUI display 400, 500 using one or more visually
distinguishable graphical characteristics (e.g., color, font,
shading and/or the like) to convey the depicted commu-
nications 404 are associated with the ownship aircraft
120 as the source of the depicted communications 404,
while the graphical representations 406 of the transcribed
audio ATC communications issued by the ATC or other
external source may be rendered at or along an opposing
side or edge of the conversation log GUI display 400,
500 using one or more different visually distinguishable
graphical characteristics to convey the depicted commu-
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nications 406 are associated another source external to
the ownship aircraft 120. In this regard, the conversation
log GUI display 400, 500 may include text or other indicia
of the source of the depicted communications 404, 406
along with the timestamps associated with receipt of the
respective communications 404, 406.

[0044] Referring to FIG. 4, the conversation log GUI
display 400 includes a checkbox 408 (or similar selecta-
ble GUI element) that is selectable, manipulable, or oth-
erwise configurable by the pilot or other user to enable
the message fusion process 300 to provide a graphical
representation 410 of a received data message on the
conversation log GUI display 400 interspersed within the
depicted ATC communications 404, 406 in a chronolog-
ical order in accordance with the timestamp associated
with the received data message. For example, when the
CPDLC system 116, 208 onboard the aircraft 120 re-
ceives a message, the onboard CPDLC system 116, 208
may publish or otherwise push the confirmation message
to the FMS 114, which, in turn, publishes or otherwise
pushes (e.g., over a wireless network) the CPDLC mes-
sage to the transcription system 202 and/or the conver-
sation log display application 230 that is subscribed to
the CPDLC system 116, 208 via the FMS 114. That said,
in other embodiments, the transcription system 202
and/or the conversation log display application 230 may
receive CPDLC messages directly from the CPDLC sys-
tem 116, 208 without reliance on an intervening FMS 114
or other intermediary system.

[0045] Inresponse to receiving a text message from a
CPDLC system including a request or other clearance
instruction for the ownship aircraft (e.g., tasks 302, 304),
the conversation log display application 230 updates the
message log 226 to include an entry corresponding to
the CPDLC message and then dynamically updates the
conversation log GUI display 400 to include a graphical
representation 410 of the received CPDLC message at
a vertical position on the conversation log GUI display
410 with respect to depicted ATC communications 404,
406 that reflects the chronological order of the timestamp
associated with the received CPDLC message relative
to the timestamps associated with the received ATC com-
munications 404, 406 (e.g., tasks 308, 310). For exam-
ple, as shown, the depicted CPDLC message 410 having
a timestamp of 16:13 may be depicted below ATC com-
munications 404, 406 having associated timestamps that
precede the time of 16:13 but above any ATC commu-
nications 404 having an associated timestamp that follow
the time of 16:13. In exemplary embodiments, the graph-
ical representation 410 of the received message is real-
ized as a text box that includes the text or other content
of the CPDLC message along with text or other indicia
of the source of the depicted message (e.g., PHX TOW-
ER (CPDLC)) and the timestamp associated with the re-
ceived message. The graphical representation 410 of the
received message may also be rendered using one or
more different visually distinguishable characteristic(s)
to graphically convey that the depicted message 410 is
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from an external source that is different from the source
of the depicted audio communications 404, 406 and/or
thatthe depicted message 410 corresponds to a different
type of communication than the depicted audio commu-
nications 404, 406.

[0046] Still referring to FIG. 4, the graphical represen-
tation 410 of the received CPDLC message includes but-
tons 412, 414 or similar selectable GUI elements that are
selectable, manipulable, or otherwise configurable by the
pilot or other user to initiate one or more actions with
respect to the received CPDLC message (e.g., task 312).
For example, in the illustrated embodiment, the graphical
representation 410 of the received CPDLC message in-
cludes a first button 412 that is selectable by the pilot to
accept or acknowledge the request or instruction con-
tained in the CPDLC message and a second button 414
that is selectable by the pilot to reject or deny the request
or instruction contained in the CPDLC message.

[0047] Referring now to FIG. 5, with continued refer-
ence to FIGS. 1-4, the conversation log GUI display 400
is dynamically updated in response to the pilot or other
user selecting one of the GUI elements 412, 414 asso-
ciated with the depicted CPDLC message 410. For ex-
ample, in response to the pilot selecting the button 412
to accept the request contained within the depicted CP-
DLC message 410, the conversation log display applica-
tion 230 may dynamically generate the updated conver-
sation log GUI display 500 in real-time to include an up-
dated graphical representation 510 of the received CP-
DLC message that no longer includes the buttons 412,
414 (e.g., task 314). The conversation log display appli-
cation 230 may also update one or more fields of meta-
data associated with the entry for the message in the
message log 226 to update the status or state of the
message as accepted, read, and/or the like. In some em-
bodiments, the updated depiction 510 of the CPDLC
message may be rendered using one or more visually
distinguishable graphical characteristics that are differ-
ent from the originally-depicted CPDLC message 410 to
visually indicate a change in the state associated with
the message.

[0048] Inthe illustrated embodiment, the conversation
log display application 230 also dynamically updates the
conversation log GUI display 400 by generating a graph-
ical representation 520 of a confirmation message cor-
responding to the action performed responsive to user
selection of one of the buttons 412, 414 associated with
the originally-depicted CPDLC message 410. For exam-
ple, the conversation log display application 230 may
generate a graphical representation 520 of a confirmation
message at or along an opposing edge or side of the
updated conversation log GUI display 500 to convey or
otherwise indicate the depicted confirmation message
520 corresponds to an action that was initiated or other-
wise performed at the ownship aircraft 120 or on behalf
of the pilot. In exemplary embodiments, the depicted con-
firmation message 520 is realized as a text box that in-
cludes text that confirms or otherwise indicates the action
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that was performed with respect to the received CPDLC
message, and the depicted confirmation message 520
may be rendered using one or more visually distinguish-
able graphical characteristics that are different from that
of the other depicted communications 404, 406, 510 to
indicate a different source and/or different communica-
tion type associated with the depicted message 520.
[0049] Additionally, the depicted confirmation mes-
sage 520 may include text or other graphical represen-
tation of the timestamp associated with the pilot or user
selection of a GUI element 412, 414 associated with in-
itiating performance of an action with respect to the pre-
ceding CPDLC message, along with text or other indicia
of the source of the depicted confirmation message 520.
In this regard, in some embodiments, selection of a GUI
element 412, 414 with respect to the previously-depicted
message 410 may cause the transcription system 202
and/or the conversation log display application 230 to
transmit or otherwise provide one or more commands,
signals or instructions indicative of the selected action to
an onboard system 208, which, in turn, provides a con-
firmation message to the transcription system 202 and/or
the conversation log display application 230, wherein the
conversation log display application 230 dynamically up-
dates the conversation log GUI display in response to
the confirmation message from the onboard system 208.
For example, in response to user selection of the accept
button 412, the transcription system 202 and/or the con-
versation log display application 230 to transmit or oth-
erwise provide one or more commands, signals or in-
structions indicative of the pilot accepting the CPDLC
request message to a CPDLC system 116, 208 onboard
the aircraft 120, which, in turn, transmits or otherwise
provides a CPDLC message confirming acceptance to
the source of the initial CPDLC request message (e.g.,
PHX TOWER (CPDLC)). Inresponse to the CPDLC sys-
tem 116, 208 onboard the aircraft 120 transmitting the
confirmation message, the CPDLC system 116, 208 may
publish or otherwise push the confirmation message to
the FMS 114, which, in turn, publishes or otherwise push-
es (e.g., over a wireless network) the confirmation mes-
sage to the transcription system 202 and/or the conver-
sation log display application 230 that is subscribed to
the CPDLC system 116, 208 via the FMS 114.

[0050] Inone ormore embodiments, selection of a but-
ton 412 to acceptoracknowledge the instructions or other
request embodied by a displayed message 410 results
in the transcription system 202 and/or the conversation
log display application 230 transforming the content of
the displayed message 410 into one or more correspond-
ing commands or instructions and then transmitting or
otherwise providing one or more output signals indicative
of the corresponding command(s) or instruction(s) to the
appropriate destination onboard system(s) 208 for per-
forming or otherwise implementing the content of the dis-
played message 410 (e.g., task 316). For example, the
transcription system 202 and/or the conversation log dis-
play application 230 may generate corresponding com-
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mands or signals forimplementing the CPDLC-instructed
offset clearance contained in the depicted message 410,
510 to the FMS 114 or another flight control or flight guid-
ance system 116, 208 to facilitate the aircraft 120 exe-
cuting or otherwise adhering to the CPDLC-instructed
offset clearance contained in the depicted message 410,
510. Thus, the pilot does not need to divert attention to
the CPDLC system, the FMS and/or other onboard sys-
tems and may maintain focus or engagement with re-
spect to the ATC audio communications. By reducing
pilot workload, situational awareness with respect to the
ATC audio communications and operating the aircraft
120 may be improved.

[0051] By consolidating transcriptions of ATC clear-
ance communications between pilots and ATC with con-
current communications or messages between other
systems, a pilot or other user is provided with an intuitive
and comprehensive view of communications with respect
to an aircraft. In this regard, the conversation log GUI
display provides a complete summary of the conversa-
tion between the pilot and ATC while also displaying CP-
DLC messages and other communications from different
sources in a chronological manner, thereby allowing the
pilot to brief the aggregated communications at one de-
vice or location, reducing pilot workload and head-down
time and improving situational awareness.

[0052] Forthe sake ofbrevity, conventional techniques
related to user interfaces, speech recognition, avionics
systems, datalink systems, messaging systems, and oth-
er functional aspects of the systems (and the individual
operating components of the systems) may not be de-
scribed 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 various elements.
It should be noted that many alternative or additional
functional relationships or physical connections may be
present in an embodiment of the subject matter.

[0053] 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, lookup tables, or the like, which
may carry out a variety of functions under the control of
one or more microprocessors or other control devices.
Furthermore, embodiments of the subject matter de-
scribed herein can be stored on, encoded on, or other-
wise embodied by any suitable non-transitory computer-
readable medium as computer-executable instructions
or data stored thereon that, when executed (e.g., by a
processing system), facilitate the processes described
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above.

[0054] 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.

[0055] The foregoingdetailed descriptionis 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.

[0056] 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 notintended 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:

obtaining a transcription of an audio communi-
cation with respect to the vehicle;

generating a conversation log graphical user in-
terface (GUI) display comprising a graphical
representation of the transcription of the audio
communication;

receiving a data message from a system on-
board the vehicle;

generating a graphical representation of the da-
ta message within the conversation log GUI dis-
play, wherein:
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the graphical representation of the data
message comprises a selectable element
associated with the data message;

the graphical representation of the data
message and the graphical representation
of the transcription of the audio communi-
cation are concurrently displayed on the
conversation log GUI display; and

the graphical representation of the data
message is positioned with respect to the
graphical representation of the transcription
of the audio communication in accordance
with a timestamp associated with the data
message; and

dynamically updating the conversation log GUI
display in response to selection of the selectable
element.

2. The method of claim 1, wherein:

the vehicle comprises an aircraft;

receiving the data message comprises receiving
a text message from an avionics system on-
board the aircraft; and

the graphical representation of the data mes-
sage comprises indication of the avionics sys-
tem associated with the text message.

3. The method of claim 1, further comprising identifying
a source of the data message, wherein the graphical
representation of the data message comprises indi-
cation of the source of the data message.

4. The method of claim 3, wherein:

the vehicle comprises an aircraft;

receiving the data message comprises receiving
a datalink message from a controller-pilot data-
link communications (CPDLC) system onboard
the aircraft;

the graphical representation of the data mes-
sage comprises a graphical representation of
the datalink message; and

the indication of the source comprises an indi-
cation of the CPDLC system associated with the
datalink message.

5. The method of claim 1, wherein dynamically updat-
ing the conversation log GUI display comprises re-
moving the selectable element from the conversa-
tion log GUI display in response to selection of the
selectable element.

6. The method of claim 1, wherein dynamically updat-
ing the conversation log GUI display comprises dy-
namically updating the graphical representation of
the data message to provide an indication of an ac-
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tion associated with the selectable element in re-
sponse to selection of the selectable element.

The method of claim 1, wherein dynamically updat-
ing the conversation log GUI display comprises gen-
erating a graphical representation of a second mes-
sage within the conversation log GUI display, where-
in the graphical representation of the second mes-
sage comprises an indication of an action associated
with the selectable element.

The method of claim 1, further comprising:

generating an entry associated with the data
message in a message log; and

updating a field associated with the entry in the
message log to indicate an action associated
with the selectable element in response to se-
lection of the selectable element.

The method of claim 1, further comprising providing
an output signal indicative of an action associated
with the selectable element to a second system on-
board the vehicle in response to selection of the se-
lectable element.

The method of claim 9, wherein:

the vehicle comprises an aircraft;

receiving the data message comprises receiving
a datalink message comprising a request from
a controller-pilot datalink communications (CP-
DLC) system onboard the aircraft;

the graphical representation of the data mes-
sage comprises a graphical representation of
the datalink message; and

providing the output signal comprises instructing
an avionics system onboard the aircraft to im-
plement the request in response to selection of
the selectable element associated with accept-
ance of the request.

The method of claim 1, wherein generating the
graphical representation comprises:

translating the data message from a standard
phraseology into a conversational form, result-
ing in an augmented message; and

generating the graphical representation of the
augmented message.

The method of claim 1, wherein:

obtaining the transcription comprises obtaining
transcribed text of the audio communication
from an entry in a clearance table; and

the graphical representation of the transcription
comprises the transcribed text of the audio com-
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munication.

13. The method of claim 1, wherein:

the vehicle comprises an aircraft;

a flight management system (FMS) onboard the
aircraft is configured to receive the data mes-
sage from the system onboard the vehicle;
receiving the data message comprises receiv-
ing, at an electronic device, the data message
from the FMS over a wireless network; and
the data message comprises a datalink mes-
sage from a controller-pilot datalink communi-
cations (CPDLC) system onboard the aircraft.

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:

obtain a transcription of an audio communica-
tion with respect to a vehicle;

generate a conversation log graphical user in-
terface (GUI) display comprising a graphical
representation of the transcription of the audio
communication;

receive a data message from a system onboard
the vehicle;

generate a graphical representation of the data
message within the conversation log GUI dis-
play, wherein:

the graphical representation of the data
message comprises a selectable element
associated with the data message;

the graphical representation of the data
message and the graphical representation
of the transcription of the audio communi-
cation are concurrently displayed on the
conversation log GUI display; and

the graphical representation of the data
message is positioned with respect to the
graphical representation of the transcription
of the audio communication in accordance
with a timestamp associated with the data
message; and

dynamically update the conversation log GUI
display in response to selection of the selectable
element.

15. A system comprising:

a display device;

a data storage element to maintain a transcrip-
tion of an audio communication with respect to
a vehicle; and

a processing system coupled to the display de-
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vice and the data storage element to:

generate, on the display device, a conver-
sation log graphical user interface (GUI) dis-
play comprising a graphical representation
of the transcription of the audio communi-
cation;

receive a data message from a system on-
board the vehicle;

generate a graphical representation of the
data message within the conversation log
GUl display, the graphical representation of
the data message comprising a selectable
graphical user interface element associated
with the data message; and

dynamically update the conversation log
GUI display in response to selection of the
selectable graphical user interface element
associated with the data message, wherein:

the graphical representation of the data
message and the graphical represen-
tation of the transcription of the audio
communication are concurrently dis-
played on the conversation log GUI dis-
play; and

the graphical representation of the data
message is positioned with respect to
the graphical representation of the tran-
scription of the audio communication in
accordance with a timestamp associat-
ed with the data message.
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