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METHODS AND SYSTEMS FOR 
COMMUNICATING AUDIO CAPTURED 

ONBOARD AN AIRCRAFT 

TECHNICAL FIELD 

The subject matter described herein relates generally to 
avionics systems, and more particularly, embodiments of the 
subject matter relate to communicating audio captured 
onboard an aircraft to a ground location. 

BACKGROUND 

Traditionally, there are tWo types of ?ight recorders 
installed in an aircraft: a ?ight data recorder (FDR) and a 
cockpit voice recorder (CVR). The CVR records audio infor 
mation using one or more microphones located onboard the 
aircraft (e. g., on pilot headsets or other locations in the cock 
pit). The recorded cockpit audio provides insight into opera 
tion of the aircraft for subsequent investigation and analysis. 
HoWever, in practice, there are situations Where the FDR 
and/or the CVR cannot be readily located (e.g., in remote 
areas, open ocean, or When locatorbeacons become separated 
from the recorders). While it is technically possible to trans 
mit ?ight data and/or audio data from the aircraft to ground 
locations continuously in real-time, the relatively high cost 
(e. g., memory and/or bandWidth requirements) for transmit 
ting and/or storing the audio and ?ight data for all of the ?ight 
hours across an entire ?eet of operating aircraft effectively 
makes such approaches economically infeasible for aircraft 
operators, even When data compression techniques are 
employed. 

BRIEF SUMMARY 

Methods are provided for communicating information 
from an aircraft to a computer system at a ground location. 
One exemplary method involves obtaining an audio input 
from an audio input device onboard the aircraft, generating 
text data comprising a textual representation of the one or 
more Words of the audio input, and communicating the text 
data to the computer system at the ground location. 

In another embodiment, a system suitable for use With an 
aircraft is provided. The system includes an audio input 
device onboard the aircraft to receive an audio input compris 
ing one or more Words, a processing system coupled to the 
audio input device to generate text data representative of the 
one or more Words, and a communications system coupled to 
the processing system to communicate the text data from the 
aircraft to a ground location. 

This summary is provided to introduce a selection of con 
cepts in a simpli?ed form that are further described beloW in 
the detailed description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the subject matter Will hereinafter be 
described in conjunction With the folloWing draWing ?gures, 
Wherein like numerals denote like elements, and: 

FIG. 1 is a block diagram of a ?ight tracking system suit 
able for use With an aircraft in accordance With one embodi 

ment; 
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2 
FIG. 2 is a ?oW diagram of an exemplary cockpit voice 

communication process suitable for use With the ?ight track 
ing system of FIG. 1 in accordance With one or more embodi 

ments; 
FIGS. 3-4 depict graphical representations of an exemplary 

ordered data structure suitable for use With the cockpit voice 
communication process of FIG. 2 in accordance With one or 
more embodiments. 

DETAILED DESCRIPTION 

The folloWing detailed description is merely exemplary in 
nature and is not intended to limit the subject matter of the 
application and uses thereof. Furthermore, there is no inten 
tion to be bound by any theory presented in the preceding 
background, brief summary, or the folloWing detailed 
description. 
Embodiments of the subject matter described herein relate 

to systems and methods for communicating audio informa 
tion captured onboard an aircraft to a computer system on the 
ground. In an exemplary embodiment, audio signals captured 
by audio input devices located in the cockpit or other loca 
tions onboard the aircraft are converted to text using speech 
recognition techniques and stored onboard the aircraft as text 
data. Additionally, concurrent ?ight data is obtained from one 
or more onboard avionics systems and stored in association 
With the text data. In an exemplary embodiment, the text and 
?ight data are arranged or otherWise stored in a time ordered 
sequence in an ordered data structure, such as a circular 
buffer. In this regard, When the data structure is full, the oldest 
text and ?ight data are deleted, removed, or otherWise over 
Written by the most recently obtained text and ?ight data, such 
that the data structure maintains the more recent text and 
?ight data in arranged With a ?rst in, ?rst out ordering. In 
response to a transmission triggering event, such as a Warning 
issued by an onboard avionics system or a manual request for 
transmission (e.g., by a pilot, a co-pilot, another creW mem 
ber, or ground personnel), the stored text and ?ight data are 
automatically transmitted (i.e., Without or otherWise indepen 
dent of any manual input or other manual intervention) in 
accordance With the time ordered sequence from the aircraft 
to a computer system on the ground, Where the text and ?ight 
data may be stored separate from the aircraft. The text and 
?ight data may subsequently be displayed on a display device 
associated With the computer system, thereby alloWing 
ground personnel to revieW the textual representation of the 
audio captured onboard the aircraft along With its associated 
?ight data in accordance With the time ordered sequence. In 
this manner, the ground personnel may revieW the captured 
audio and its associated operational context independently of 
the ?ight data recorder (FDR) and/or the cockpit voice 
recorder (CVR) onboard the aircraft. 

FIG. 1 depicts an exemplary embodiment of a ?ight track 
ing system 100 for communicating data and/or information 
from an aircraft 120 to a computer system at a ground loca 
tion, such as a ?ight tracking station 104 at a ground opera 
tions center 102. As described in greater detail beloW, audio 
signals captured by an audio input device 125 onboard the 
aircraft 120 are converted to text and stored or otherWise 
recorded as text data using speech recognition techniques and 
stored onboard the aircraft as text data. In response to a 
transmission triggering event, the text data is automatically 
transmitted from the aircraft 120 the ?ight tracking station 
104 for storage and/or revieW at the ground operations center 
102. 
The illustrated embodiment of the aircraft 120 includes, 

Without limitation, a display device 122, a user input device 
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124, the audio input device 125, a processing system 126, a 
display system 128, a communications system 130, a naviga 
tion system 132, a ?ight management system (FMS) 134, one 
or more additional avionics systems 136, and a data storage 
element 138 suitably con?gured to support operation of the 
?ight tracking system 100 in accordance With a cockpit voice 
communication process described in greater detail beloW. 
The display device 122 is realiZed as an electronic display 
capable of graphically displaying ?ight information or other 
data associated With operation of the aircraft 120 under con 
trol of the display system 128 and/or processing system 126. 
The display system 128 generally represents the hardWare, 
softWare, and/ or ?rmWare components con?gured to display, 
render, or otherWise convey one or more graphical represen 
tations or images associated With operation of the aircraft 120 
and/or avionics systems 130, 132, 134, 136 on the display 
device 122, such as, for example, navigational map displays, 
synthetic vision and/or enhanced visions displays, and the 
like. In this regard, the display system 128 may access or 
include one or more databases suitably con?gured to support 
operations of the display system 128, such as, for example, a 
terrain database, an obstacle database, a navigational data 
base, a geopolitical database, a terminal airspace database, a 
special use airspace database, or other information for ren 
dering and/or displaying navigational maps and/ or other con 
tent on the display device 122. The user input device 124 is 
coupled to the processing system 126, and the user input 
device 124 and the processing system 126 are cooperatively 
con?gured to alloW a user (e.g., a pilot, co-pilot, or creW 
member) to interact With the display device 122 and/ or other 
elements onboard the aircraft 120. Depending on the embodi 
ment, the user input device 124 may be realized as a push 
button, sWitch, keypad, touchpad, keyboard, mouse, touch 
panel (or touchscreen), joystick, knob, line select key or 
another suitable device adapted to receive input from a user. 

In addition to the user input device 124, one or more audio 
input devices 125 are also located onboard the aircraft 120. 
The audio input device 125 may be realiZed as a microphone, 
audio transducer, audio sensor, or the like, that is located 
onboard the aircraft 120 and capable of sensing or otherWise 
receiving audio signals Within the cockpit and/ or cabin of the 
aircraft 120. In an exemplary embodiment, the aircraft 120 
includes at least on audio input device 125 located inside the 
cockpit of the aircraft 120. For example, the audio input 
device 125 may be a microphone integrated With a headset 
Worn by a pilot and/or co-pilot of the aircraft 120. 

In the illustrated embodiment, the processing system 126 
generally represents the hardWare, softWare, and/or ?rmWare 
components con?gured to support storing or otherWise 
recording audio captured by the audio input device(s) 125 as 
text data along With ?ight data and/or information received 
from one or more of the avionics systems 128, 130, 132, 134, 
136 onboard the aircraft 120, communicating the recorded 
data and/ or information to the ?ight tracking station 104 at the 
ground operations center 102, and perform additional tasks 
and/or functions to support operation of the ?ight tracking 
system 100, as described in greater detail beloW. In exemplary 
embodiments, the processing system 126 implements a 
speech recognition engine (or voice recognition engine) and/ 
or speech-to-text system adapted to receive audio input from 
the audio input device(s) 125 and convert the audio input into 
a corresponding textual representation, as described in 
greater detail beloW. In this regard, the processing system 126 
may also include various ?lters, analog-to-digital converters 
(ADCs), and the like, Which are suitably con?gured to sup 
port converting or otherWise resolving audio signals received 
via the audio input device(s) 125 into textual representations 
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4 
thereof. In an exemplary embodiment, the processing system 
126 includes or otherWise accesses a memory that maintains 
one or more acoustic noise models for the aircraft 120 Which 
are used for resolving audio input from the audio input device 
(s) 125. For example, each acoustic noise model may corre 
spond to the auditory (or audible) ambient noise (or back 
ground noise) proximate to the audio input device 125 during 
a respective operating state and/ or ?ight phase for the aircraft 
120, that is, the ambient noise and/ or background noise Which 
Would be received by the audio input device 125 during the a 
particular operating state and/or ?ight phase. In this regard, 
each operating state and/or ?ight phase may be associated 
With an acoustic noise model that re?ects the characteristics 
and/or patterns (e. g., volume or sound pressure level, fre 
quencies, and the like) of the noise that Would be sensed or 
otherWise received by the audio input device 125 during that 
respective operating state and/ or ?ight phase. The noise mod 
els are utiliZed by the processing system 126 to construct a 
digital ?lter corresponding to the current ?ight phase and/or 
operating state of the aircraft 120 that is applied to the 
received audio input signals obtained from the audio input 
device 125, as described in greater detail beloW. Additionally, 
the processing system 126 accesses or otherWise includes a 
speech recognition vocabulary (or dictionary) that re?ects 
aerospace grammar conventions (e. g., a vocabulary that 
includes frequently used aviation acronyms, terms and 
phrases, navigation terminology, aviation codes, instrument 
names and/or identi?ers, ?ight operation manual terminol 
ogy, checklist terminology, audio alters, and the like), Which 
is utiliZed by the speech recognition engine implemented by 
the processing system 126. 
As described in greater detail beloW, in an exemplary 

embodiment, the processing system 126 is coupled to the data 
storage element 138, Which stores or otherWise maintains the 
text data (e.g., the textual representations of the content of the 
analog audio signals received via the audio input device 125) 
that is generated by the processing system 126. In an exem 
plary embodiment, the processing system 126 and the data 
storage element 138 are cooperatively con?gured to store the 
text data in an ordered data structure, such as a circular buffer, 
in a time ordered sequence. In this regard, once the allocated 
portion of the data storage element 138 for the circular buffer 
is fully utiliZed, the processing system 126 updates the text 
data maintained in the data storage element 138 by overWrit 
ing the oldest text data With the most recently generated text 
data. In this manner, the contents of the text data maintained 
by the data storage element 138 correspond to the most recent 
subset of audio content received via the audio input device(s) 
125 While the text data representative of older audio content is 
overWritten and/ or deleted. In an exemplary embodiment, the 
data storage element 138 is capable of storing at least ten 
minutes of text data and associated ?ight data. The data stor 
age element 138 may be physically realiZed using RAM 
memory, ROM memory, ?ash memory, registers, a hard disk, 
or another suitable data storage medium knoWn in the art or 
any suitable combination thereof. 

Depending on the embodiment, the processing system 126 
may include or otherWise be realiZed as a general purpose 
processor, a controller, a microprocessor, a microcontroller, a 
content addressable memory, a digital signal processor, an 
application speci?c integrated circuit, a ?eld programmable 
gate array, any suitable programmable logic device, discrete 
gate or transistor logic, processing core, discrete hardWare 
components, or any combination thereof, designed to per 
form the functions described herein. In practice, the process 
ing system 126 includes processing logic that may be con?g 
ured to carry out the functions, techniques, and processing 
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tasks associated With the operation of the ?ight tracking sys 
tem 100 described in greater detail below. Furthermore, the 
steps of a method or algorithm described in connection With 
the embodiments disclosed herein may be embodied directly 
in hardWare, in ?rmware, in a software module executed by 
the processing system 126, or in any practical combination 
thereof. In accordance With one or more embodiments, the 
processing system 126 includes or otherWise accesses a 
memory or another suitable non-transitory short or long term 
storage media capable of storing computer-executable pro 
gramming instructions or other data for execution that, When 
read and executed by the processing system 126, cause the 
processing system 126 to execute and perform one or more of 
the processes tasks, operations, and/or functions described 
herein. 

Still referring to FIG. 1, in an exemplary embodiment, the 
processing system 126 is coupled to the navigation system 
132, Which is con?gured to provide real-time navigational 
data and/or information regarding operation of the aircraft 
120. The navigation system 132 may be realiZed as a global 
positioning system (GPS), inertial reference system (IRS), or 
a radio-based navigation system (e. g., VHF omni-directional 
radio range (VOR) or long range aid to navigation (LO 
RAN)), and may include one or more navigational radios or 
other sensors suitably con?gured to support operation of the 
navigation system 132, as Will be appreciated in the art. The 
navigation system 132 is capable of obtaining and/or deter 
mining 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 132 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 ref 

erence). 
As illustrated in FIG. 1, the processing system 126 is also 

coupled to the communications system 130, Which is con?g 
ured to support communications to and/or from the aircraft 
120. For example, the communications system 130 may sup 
port communications betWeen the aircraft 120 and one or 
more ground locations, such as the ground operations center 
102, air tra?ic control, and/ or another suitable command cen 
ter or ground location. In this regard, the communications 
system 130 may be realiZed using a radio communication 
system or another suitable data link system. 

In an exemplary embodiment, the processing system 126 is 
also coupled to the FMS 134, Which is coupled to the navi 
gation system 132, the communications system 130, and one 
or more additional avionics systems 136 to support naviga 
tion, ?ight 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 126. It should be noted 
that although FIG. 1 depicts a single avionics system 136, in 
practice, the ?ight tracking system 100 and/or aircraft 120 
Will likely include numerous avionics systems for obtaining 
and/ or providing real-time ?ight-related information that 
may be displayed on the display device 122 or otherWise 
provided to a user (e. g., a pilot, a co-pilot, or creW member). 
For example, practical embodiments of the ?ight tracking 
system 100 and/or aircraft 120 Will likely include one or more 
of the folloWing avionics systems suitably con?gured to sup 
port operation of the aircraft 120: a Weather system, an air 
tra?ic management system, a radar system, a tra?ic avoid 
ance system, an autopilot system, an autothrust system, a 
?ight control system, hydraulics systems, pneumatics sys 
tems, environmental systems, electrical systems, engine sys 
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6 
tems, trim systems, lighting systems, creW alerting systems, 
electronic checklist systems, a stall warning system, a stick 
shaker, an electronic ?ight bag and/ or another suitable avion 
ics system. 

In the illustrated embodiment of FIG. 1, the ground opera 
tions center 102 generally represents a facility located on the 
ground that includes one or more ?ight tracking stations 104 
equipped to track, analyZe, and otherWise monitor operations 
of one or more aircraft 120. In this regard, the ?ight tracking 
station 104 generally represents a computer or other comput 
ing system at the ground operations center 102 that may be 
operated by ground personnel to monitor, track and/or ana 
lyZe the ?ight of the aircraft 120. In an exemplary embodi 
ment, the ?ight tracking station 104 includes a user input 
device 106, a display device 108, a communications system 
110, aprocessing system 112, and a data storage element 114. 
In exemplary embodiments, the display device 108 is realiZed 
as an electronic display coupled to the processing system 112 
that is capable of graphically displaying text data and ?ight 
data received from the aircraft 120 under control of the pro 
cessing system 112, as described in greater detail beloW. 
Depending on the embodiment, the user input device 106 may 
be realiZed as a keypad, touchpad, keyboard, mouse, touch 
panel (or touchscreen), joystick, knob, line select key or 
another suitable device adapted to receive input from a user, 
such as an audio input device, such as a microphone, audio 
transducer, audio sensor, or the like. The communications 
system 110 generally represents the combination of hard 
Ware, softWare, ?rmWare and/or other components con?g 
ured to support communications betWeen the ?ight tracking 
station 104 and the aircraft 120 (e.g., via communications 
system 130), such as, for example, using data link avionics, a 
data link infrastructure, and/or a data link service provider. 
The processing system 112 generally represents the hard 

Ware, softWare, and/or ?rmWare components con?gured to 
receive or otherWise obtain the text data and ?ight data from 
the aircraft 120 (e. g., via communications systems 110, 130), 
store the text data and ?ight data received from the aircraft 
120 in data storage element 114, and render or otherWise 
display a graphical representations of the received text data 
and ?ight data on the display device 108. Depending on the 
embodiment, the processing system 1 12 may be implemented 
or realiZed With a general purpose processor, a controller, a 
microprocessor, a microcontroller, a content addressable 
memory, a digital signal processor, an application speci?c 
integrated circuit, a ?eld programmable gate array, any suit 
able programmable logic device, discrete gate or transistor 
logic, processing core, discrete hardWare components, or any 
combination thereof, designed to perform the functions 
described herein. 

It should be understood that FIG. 1 is a simpli?ed repre 
sentation of the ?ight tracking 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. For example, in some embodi 
ments, the display device 122, the user input device 124, the 
audio input device 125, and/or the processing system 126 
may be implemented as an electronic ?ight bag that is physi 
cally separate from the aircraft 120 but capable of being 
communicatively coupled to the other elements of the aircraft 
120 When onboard the aircraft 120. Furthermore, practical 
embodiments of the ?ight tracking system 100 and/or aircraft 
120 Will include numerous other devices and components for 
providing additional functions and features, as Will be appre 
ciated in the art. In this regard, it Will be appreciated that 
although FIG. 1 shoWs a single display device 122, in prac 
tice, additional display devices may be present onboard the 
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aircraft 120. Additionally, it should be noted that in other 
embodiments, features and/or functionality of processing 
system 126 described herein can be implemented by or oth 
erWise integrated With the features and/or functionality pro 
vided by another element onboard the aircraft 120, such as, 
for example, the FMS 134 or another avionics system 136. 
That is, the processing system 126 may be a component of the 
FMS 134 or another avionics system 136. 

Referring noW to FIG. 2, in an exemplary embodiment, the 
?ight tracking system 100 is con?gured to perform a cockpit 
voice communication process 200 and additional tasks, func 
tions, and operations described beloW. The various tasks per 
formed in connection With the illustrated process 200 may be 
performed by softWare, hardWare, ?rmWare, or any combina 
tion thereof. For illustrative purposes, the folloWing descrip 
tion may refer to elements mentioned above in connection 
With FIG. 1. In practice, portions of the cockpit voice com 
munication process 200 may be performed by different ele 
ments of the ?ight tracking system 100, such as, the audio 
input device 125, the processing system 126, the communi 
cations system 130, the navigation system 132, the FMS 134, 
and/or the avionics system(s) 136. It should be appreciated 
that the cockpit voice communication process 200 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 cockpit 
voice communication process 200 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. 
2 could be omitted from a practical embodiment of the cock 
pit voice communication process 200 as long as the intended 
overall functionality remains intact. 

Still referring to FIG. 2, and With continued reference to 
FIG. 1, in an exemplary embodiment, the cockpit voice com 
munication process 200 begins by receiving or otherWise 
obtaining audio input from one or more audio input devices 
onboard the aircraft (task 202). In this regard, an audio input 
device 125 onboard the aircraft 120 receives or otherWise 
senses sounds or other audible information and converts those 
sounds to a corresponding electrical signal (i.e., an audio 
signal) that is provided to the processing system 126. In an 
exemplary embodiment, the audio input device 125 generates 
an analog audio signal in response to receiving or otherWise 
sensing a sound and provides the analog audio signal to the 
processing system 126. 

In an exemplary embodiment, the cockpit voice commu 
nication process 200 continues by generating a textual repre 
sentation of the audio input obtained from the audio input 
device(s) onboard the aircraft (task 204). In this regard, the 
processing system 126 converts analog audio signals received 
via the audio input device(s) 125 into digital data that repre 
sents the speech (or voice) content of the analog audio signal 
in text form. For example, in accordance With one or more 
embodiments, the processing system 126 identi?es or other 
Wise determines the current ?ight phase (or operating state) of 
the aircraft 120, obtains the acoustic noise model correspond 
ing to the current ?ight phase of the aircraft 120, converts the 
analog audio signal to a corresponding digital audio signal, 
and ?lters the digital audio signal based on that acoustic noise 
model to obtain a ?ltered digital audio signal. The processing 
system 126 then performs one or more speech recognition 
techniques and/or algorithms to recogniZe or otherWise 
resolve the ?ltered digital audio signal into one or more Words 
(or terms) in the speech recognition vocabulary (or dictio 
nary). In this manner, the processing system 126 processes 
the ?ltered digital audio input signal and executes one or more 
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8 
speech recognition algorithms to identify or otherWise recog 
niZe the audio input (or portions thereof) as corresponding to 
or otherWise matching one or more Words in the speech rec 
ognition vocabulary. After recognizing the audio input as one 
or more Words in the speech recognition vocabulary and 
resolving the content of the audio input into its corresponding 
textual representation, the processing system 126 creates one 
or more text data objects (e.g., strings, characters, or the like) 
that correspond to the content of the audio input. The pro 
cessing system 126 records or otherWise stores the generated 
text data in the data storage element 138 in a time ordered 
sequence, as described in greater detail beloW. In this regard, 
the processing system 126 may timestamp or otherWise tag 
the text data With the time at Which the corresponding audio 
input Was received. 

In an exemplary embodiment, contemporaneously and/or 
concurrently to receiving the audio input from the audio input 
device(s) onboard the aircraft, the cockpit voice communica 
tion process 200 receives or otherWise obtains real-time ?ight 
data and/or information from one or more avioinics systems 
onboard the aircraft (task 206). In this regard, the obtained 
?ight data and/or information re?ects the operation of the 
aircraft 120 at or around the time the audio input Was 
received. For example, in response to receiving audio input 
from the audio input device 125, the processing system 126 
may obtain, from the navigation system 132 the current posi 
tion of the aircraft 120 (e.g., the instantaneous latitude, lon 
gitude, altitude, heading, and the like). Additionally, the pro 
cessing system 126 may obtain other ?ight data and/or 
information from the FMS 134 or other avionics systems 136 
onboard the aircraft 120, such as, for example, the current 
velocity of the aircraft 120, the current orientation of the 
aircraft 120 (e.g., roll, pitch, and yaW), the current meteoro 
logical conditions proximate the aircraft (e.g., the tempera 
ture, pressure, Winds, and the like outside the aircraft 120), the 
current conditions onboard the aircraft 120 (e.g., the cabin 
pressure, cabin temperature, and the like), the current engine 
status (e.g., engine cutoff parameters, identi?cation of shut 
doWn and/or inoperable engines), and the like. The process 
ing system 126 records or otherWise stores the obtained ?ight 
data in the data storage element 138 in a time ordered 
sequence, as described in greater detail beloW. In this regard, 
the processing system 126 may timestamp or otherWise tag 
the obtained ?ight data With the time at Which it Was received. 

In an exemplary embodiment, the cockpit voice commu 
nication process 200 continues by storing or otherWise main 
taining the text data in association With the obtained ?ight 
data that corresponds to the operation of the aircraft at or 
around the time at Which the audio input Was received (task 
208). For example, in accordance With one embodiment, the 
processing system 126 associates the text data and ?ight data 
by appending the obtained ?ight data as metadata associated 
With the text data generated based on audio input received at 
the time corresponding to the obtained ?ight data. In this 
regard, the processing system 126 may combine the text data 
and the ?ight data obtained at substantially the same time 
(e.g., text data and ?ight data having matching timestamps) 
into a single data object by utiliZing the obtained ?ight data as 
a tag or metadata that is associated With the text data. In this 
manner, the text data objects are stored in the data storage 
element 138 With their associated ?ight data (e.g., the ?ight 
data having the matching timestamp). As described above, in 
an exemplary embodiment, the processing system 126 and 
the data storage element 138 are cooperatively con?gured to 
implement an ordered data structure, such as a circular buffer, 
Wherein the text data objects and associated ?ight data are 
stored at the logical end of the circular buffer. In this regard, 
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When the circular buffer is full (e.g., the logical end is 
reached), the most recently generated text data objects are 
stored by overwriting the least recently generated text data 
objects in the circular buffer (e. g., by storing the most recent 
text data and ?ight data at the entry corresponding to logical 
beginning of the circular buffer and incrementing the logical 
beginning and end of the circular buffer such that the entry for 
most recent text and ?ight data corresponds to the logical end 
of the circular buffer). As a result, the contents of the circular 
buffer correspond to a time-ordered sequence of the most 
recently generated text data objects and their associated ?ight 
data. In another embodiment, the processing system 126 
maintains the association betWeen the text data and the con 
current ?ight data by storing or otherWise maintaining the text 
data and the concurrent ?ight data logically adjacent to one 
another in the circular buffer. For example, using the times 
tamps of the text data and the ?ight data, the processing 
system 126 may order the data sequentially When storing 
them in the circular buffer maintained by the data storage 
element 138. In this manner, text data corresponding to audio 
input received at a ?rst time Will be logically adjacent to ?ight 
data corresponding to the operation of the aircraft 120 at the 
?rst time. 

In an exemplary embodiment, the cockpit voice commu 
nication process 200 continuously monitors for a transmis 
sion triggering event (task 210). In this regard, a transmission 
triggering event is an occurrence or event that indicates that 
the stored text data and ?ight data onboard the aircraft 120 
should be transmitted to a ground location. Absent a trans 
mission triggering event, the loop de?ned by tasks 202, 204, 
206, 208, and 210 repeats throughout operation of the aircraft 
120 to continuously capture audio input from the audio input 
device(s) 125 onboard the aircraft 120 and obtain correspond 
ing real-time ?ight data from the onboard avionics systems 
132, 134, 136, convert the captured audio input into text data 
representative of the received audio, and store the text data 
and ?ight data in the data storage element 138 in a time 
ordered sequence. In accordance With one or more embodi 
ments, after the aircraft 120 has landed or otherWise ceased 
operation, the cockpit voice communication process 200 may 
automatically cease or otherWise terminate operation and the 
pilot and/or co-pilot may manipulate the user input device 
124 to delete the text data and ?ight data stored in the data 
storage element 138. 

In response to detecting or otherWise identifying a trans 
mission triggering event, the cockpit voice communication 
process 200 automatically transmits or otherWise communi 
cates the time-ordered sequence of text data and ?ight data to 
one or more ground locations (task 212). In accordance With 
one or more embodiments, the processing system 126 moni 
tors the output of one or more of the avionics systems 132, 
134, 136 onboard the aircraft 120 and automatically identi?es 
a transmission triggering event based on the output of one or 
more of the avionics systems 132, 134, 136. For example, the 
FMS 134 and/or the onboard avionics 136 may generate a 
Warning or noti?cation (e.g., a stall Warning, a ground prox 
imity and/ or terrain proximity Warning, a tra?ic collision 
avoidance system resolution advisory Warning, a collision 
Warning, a cabin pressure loss Warning, a stick shaker Wam 
ing, a smoke Warning, an aborted take-off noti?cation, or the 
like) that is received by the processing system 126, Wherein in 
response to receiving the Warning from the FMS 134 and/or 
the onboard avionics 136, the processing system 126 auto 
matically initiates transmission of the text data and ?ight data 
stored in the data storage element 138. In an exemplary 
embodiment, the processing system 126 constructs encrypted 
data link messages that include the text data and ?ight data 
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10 
from the circular buffer arranged in time order (e. g., ?rst in, 
?rst out), and provides the data link messages to the commu 
nications system 130, Which, in turn, transmits or otherWise 
communicates the data link messages to the ground opera 
tions center 102 and/or ?ight tracking station 104. In other 
embodiments, the processing system 126 may identify a 
transmission triggering event in response to receiving a user 
input indicative of a desire to transmit the stored text data and 
?ight data to the ground operations center 102 and/or ?ight 
tracking station 104. For example, the processing system 126 
may display or otherWise render a graphical user interface 
element (e.g., button or the like) on the display device 122 
adapted to alloW a user to initiate transmission of the stored 
text data and ?ight data, Wherein in response to a user (e.g., a 
pilot or co-pilot) manipulating the user input device 124 to 
select the graphical user interface element, the processing 
system 126 constructs data link messages and provides the 
data link messages to the communications system 130 for 
transmission to the ground operations center 102 and/ or ?ight 
tracking station 104. In yet other embodiments, the process 
ing system 126 may identify a transmission triggering event 
in response to receiving a request from the ground operations 
center 102 and/or ?ight tracking station 104 to transmit the 
stored text data and ?ight data. For example, the processing 
system 112 may display or otherWise render a graphical user 
interface element on the display device 108 adapted to alloW 
ground personnel at the ?ight tracking station 104 to transmit 
a request for the stored text data and ?ight data to the aircraft 
120 via communications system 110. It should be noted that 
in alternative embodiments, the cockpit voice communica 
tion process 200 may be con?gured to continuously transmit 
the text data and ?ight data to a ground location Without 
Waiting for a transmission triggering event. 
The processing system 112 at the ?ight tracking station 104 

receives and decrypts the data link mes sages from the aircraft 
120 (e.g., via communications system 110), and stores the 
contents of the data link mes sages (e. g., the text data and ?ight 
data from the data storage element 138) in the data storage 
element 114. Additionally, the processing system 112 may 
display or otherWise render a graphical representation of the 
text data and ?ight data on the display device 108. In this 
regard, the processing system 112 displays the text and ?ight 
data arranged in a time ordered sequence, such that the text 
data that Was least recently generated by the processing sys 
tem 126 and its associated ?ight data is displayed ?rst and 
folloWed by the subsequently generated text data and associ 
ated ?ight data, thereby alloWing the ground personnel at the 
?ight tracking station 104 to revieW the contents of the audio 
captured by the audio input device(s) 125 along With the ?ight 
data in a time-ordered manner to better analyZe operation of 
the aircraft 120. In exemplary embodiments, the ?ight data 
and text data are graphically associated (e.g., by displaying 
the ?ight data and text data having the same timestamp proxi 
mate to one another on the display device 108) such that 
ground personnel can readily ascertain the operational con 
text of the aircraft 120 for the displayed instances of text data. 

FIGS. 3-4 depict graphical representations of an ordered 
data structure 300, such as a circular buffer, that may be stored 
or otherWise maintained by a data storage element 138 
onboard the aircraft 120 in accordance With the cockpit voice 
communication process 200 described above. As illustrated 
in FIG. 3, at an initial time to, the processing system 126 
receives audio input from an audio input device 125 and 
performs speech recognition to convert the received audio 
input into a corresponding textual representation (text_datai 
0). The processing system 126 also obtains real-time ?ight 
data for the aircraft 120 at time tO from one or more avionics 
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systems 132, 134, 136 onboard the aircraft 120, such as, for 
example, the location of the aircraft 120 (aircraft_locationi 
0), the altitude of the aircraft 120 (aircraft_altitudeiO), the 
orientation of the aircraft 120 (aircraft_orientationfO), and 
the like. As illustrated, the processing system 126 creates an 
initial entry 302 in the circular buffer that is timestamped (or 
tagged) With time t0 and includes the corresponding text data 
and ?ight data. At a subsequent time t1, the processing system 
126 receives a second audio input from an audio input device 
125 and performs speech recognition to convert the received 
audio input into a corresponding textual representation (text 
_datail). Again, the processing system 126 also obtains 
real-time ?ight data for the aircraft 120 at time t1 and creates 
an entry 304 in the circular buffer that is timestamped (or 
tagged) With time t 1 and includes the corresponding text data 
and ?ight data. As illustrated in FIG. 3, the circular buffer 300 
maintains the entries 302, 304 in time order, such that entry 
304 folloWs, and is logically adjacent to, the initial entry 302 
corresponding to the preceding audio input. 
As illustrated in FIG. 4, after some subsequent time tN, the 

circular buffer 300 becomes full, Wherein When the process 
ing system 126 receives audio input from an audio input 
device 125 at a subsequent time tN+l, the processing system 
126 overWrites the initial entry 302 in the circular buffer 300 
With the text data and ?ight data for time tN+1 and the entry 
304 for time tl is updated to become the logical beginning of 
the circular buffer 300 When transmission is initiated. In this 
regard, When the processing system 126 identi?es a transmis 
sion triggering event after time tN+l, the processing system 
126 creates encrypted data link messages representative of 
the contents of the circular buffer 300 beginning With the 
contents of the entry 304 corresponding to time t1 and ending 
With the contents of the entry 302 corresponding to time tN+ 1. 
When received by the ?ight tracking station 104, the process 
ing system 112 may display the received text data and ?ight 
data on the display device 108, by ordering the text data and 
?ight data for time tl (e.g., text_datail, aircraft_locationil, 
aircraft_altitudeil, aircraft_orientationil) ?rst and the text 
data and ?ight data for time tN+1 (e.g., text_data_N+l, air 
craft_location_N+l, aircraft_altitude_N+l, aircraft_orienta 
tion_N+ 1) last. 

To brie?y summarize, one advantage of the subject matter 
described herein is that by virtue of converting the captured 
audio into a textual representation before storing and/or trans 
mission, the costs (e.g., amount of storage space required, 
amount of bandWidth required, time required for transmis 
sion) of storing and transmitting the audio information is 
reduced. Additionally, concurrent (or contemporaneous) 
?ight data and/ or information may be obtained and associated 
With the textual representation of the audio information, 
thereby providing the operational context of the captured 
audio to ground personnel revieWing the captured audio 
information. Providing and storing the captured audio and its 
associated ?ight data in a time-ordered sequence separate 
from the aircraft ensures the captured audio and the opera 
tional context for the captured audio Will be available inde 
pendent of the ?ight data recorder (FDR) and/ or cockpit voice 
recorder (CVR). 

For the sake of brevity, conventional techniques related to 
speech recognition, audio processing and sampling, data 
structures, data storage, data transmission, aircraft controls, 
and other functional aspects of the systems (and the indi 
vidual operating components of the systems) may not be 
described in detail herein. Furthermore, the connecting lines 
shoWn in the various ?gures contained herein are intended to 
represent exemplary functional relationships and/or physical 
couplings betWeen the various elements. It should be noted 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
that many alternative or additional functional relationships or 
physical connections may be present in an embodiment of the 
subject matter. 
The subject matter may be described herein in terms of 

functional and/ or logical block components, and With refer 
ence to symbolic representations of operations, processing 
tasks, and functions that may be performed by various com 
puting components or devices. It should be appreciated that 
the various block components shoWn in the ?gures may be 
realiZed by any number of hardWare, softWare, and/or ?rm 
Ware components con?gured to perform the speci?ed func 
tions. For example, an embodiment of a system or a compo 
nent may employ various integrated circuit components, e. g., 
memory elements, digital signal processing elements, logic 
elements, look-up tables, or the like, Which may carry out a 
variety of functions under the control of one or more micro 
processors or other control devices. Furthermore, embodi 
ments of the subject matter described herein can be stored on, 
encoded on, or otherWise embodied by any suitable non 
transitory computer-readable medium as computer-execut 
able instructions or data stored thereon that, When executed 
(e.g., by a processing system), facilitate the processes 
described above. 
The foregoing description refers to elements or nodes or 

features being “coupled” together. As used herein, unless 
expressly stated otherWise, “coupled” means that one ele 
ment/node/feature is directly or indirectly joined to (or 
directly or indirectly communicates With) another element/ 
node/feature, and not necessarily mechanically. Thus, 
although the draWings may depict one exemplary arrange 
ment of elements, 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 in the folloWing description for the purpose 
of reference only, and thus are not intended to be limiting. 

While at least one exemplary embodiment has been pre 
sented 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 exem 
plary embodiments are only examples, and are not intended to 
limit the scope, applicability, or con?guration 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 implementing an exemplary embodiment of the sub 
ject matter. It being understood that various changes may be 
made in the function and arrangement of elements described 
in an exemplary embodiment Without departing from the 
scope of the subject matter as set forth in the appended claims. 
What is claimed is: 
1. A method of communicating information from an air 

craft to a computer system at a ground location, the method 
comprising: 

obtaining an audio input over a period of time from an 
audio input device onboard the aircraft, the audio input 
including a plurality of Words; 

generating pieces of text data representing the Words, 
Wherein each piece of text data is generated at a different 
time from every other piece of the pieces of text data; 
monitoring for a transmission triggering event; 
storing, in a data structure, each piece of the pieces of 

text data such that the pieces of text data are stored in 
the order in Which the pieces of text data Were gener 
ated in a time ordered sequence, Wherein the storing 
includes, if a transmissiontriggering event has not yet 
been identi?ed and the data structure is full, overWrit 
ing the least recently generated piece of text data in 
the data structure With the most recently generated 
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piece of text data Without communicating the least 
recently generated piece of text data to the computer 
system; and 

if a transmission triggering event is identi?ed, automati 
cally communicating the pieces of text data in the data 
structure at a time corresponding to the transmission 
triggering event to the computer system. 

2. The method of claim 1, further comprising: 
obtaining ?ight data from an avionics system onboard the 

aircraft; and 
associating the ?ight data With the pieces of text data prior to 
communicating the pieces of text data. 

3. The method of claim 2, Wherein: 
associating the ?ight data With the pieces of text data com 

prises storing the ?ight data With the pieces of text data 
in the circular buffer. 

4. The method of claim 2, Wherein the ?ight data is 
obtained concurrently to obtaining the audio input. 

5. The method of claim 2, Wherein associating the ?ight 
data comprises appending the ?ight data as metadata associ 
ated With the pieces of text data. 

6. The method of claim 2, Wherein communicating the 
pieces of text data comprises: 

creating a data link message including the pieces of text 
data and the ?ight data; and 
transmitting the data link message from the aircraft to 

the ground location. 
7. The method of claim 1, further comprising: 
obtaining ?ight data from an avionics system onboard the 

aircraft; and 
communicating the ?ight data in association With the 

pieces of text data. 
8. The method of claim 7, Wherein communicating the 

?ight data in association With the pieces of text data com 
prises consecutively communicating the ?ight data and the 
pieces of text data. 

9. The method of claim 1, Wherein communicating the 
pieces of text data comprises communicating the pieces of 
text data in one or more messages that include the pieces of 
text data arranged in accordance With the time ordered 
sequence. 

10. The method of claim 1, Wherein generating the pieces 
of text data comprises recogniZing the Words using a speech 
recognition vocabulary. 

11. The method of claim 10, further comprising ?ltering 
the audio input based on an acoustic noise model correspond 
ing to a current operating state of the aircraft prior to recog 
niZing the Words. 

12. The method of claim 2, further comprising concur 
rently displaying, by the computer system, the Words in 
graphical association With the ?ight data. 

13. A method of communicating information from an air 
craft to a ?ight tracking station at a ground operations center, 
the method comprising: 

receiving an audio input from an audio input device 
onboard the aircraft, the audio input including a plurality 
of Words; 

converting the audio input to pieces of text data represen 
tative of the Words, Wherein each piece of text data is 
generated at a different time from every other piece of 
text data; 
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14 
obtaining ?ight data from an avionics system onboard 

the aircraft; 
monitoring for a transmission triggering event; 

storing, in a data structure, each piece of the pieces of text 
data and the ?ight data such that the pieces of text data 
are stored in the order in Which the pieces of text data 
Were generated, Wherein the storing includes, if a trans 
mission triggering even has not yet been identi?ed and 
the data structure is full, overWriting the least recently 
generated piece of text data in the data structure With the 
most recently generated piece of text data Without com 
municating the least recently generated piece of text data 
to the ?ight tracking station; and 
if a transmission triggering event is identi?ed, transmit 

ting, from the aircraft to the ?ight tracking station, the 
pieces of text data and the ?ight data in the data 
structure at a time corresponding to the transmission 
triggering event. 

14. The method of claim 13, Wherein obtaining the ?ight 
data comprises obtaining the ?ight data concurrently to 
receiving the audio input. 

15. The method of claim 13, further comprising associating 
the ?ight data With the pieces of text data, Wherein transmit 
ting the pieces of text data and the ?ight data comprises 
transmitting the ?ight data With the pieces of text data. 

16. A system comprising: 
an audio input device onboard an aircraft to receive an 

audio input comprising a plurality of Words; 
a processing system coupled to the audio input device to 

generate pieces of text data representative of the Words 
captured over a period of time, Wherein each piece of 
text data is generated at a different time from every other 
piece of the pieces of text data; 
a data storage element onboard the aircraft and coupled 

to the processing system; and 
a communications system coupled to the processing sys 
tem to communicate the pieces of text data from the 
aircraft to a ground location; 
Wherein the processing system is con?gured to: 

monitor for a transmission triggering event; 
store each piece of the pieces of text data in the data 

storage element such that the pieces of text data are 
stored in the order in Which the pieces of text data 
Were generated as a circular buffer, Wherein the 
store the pieces of text data includes, if a transmis 
sion triggering event has not yet been identi?ed and 
the circular buffer is full, overWrite the least 
recently generated piece of text data in the circular 
buffer With the most recently generated piece of 
text data Without communicating the least recently 
generated text data to the communications system; 
and 

if a transmission triggering event is identi?ed, send 
the current pieces of text data in the circular buffer 
to the communications system for communication 
to a ground location. 

17. The system of claim 16, further comprising an avionics 
system onboard the aircraft to provide ?ight data to the pro 
cessing system, Wherein the processing system is con?gured 
to associate the ?ight data and the pieces of text data and 
communicate the ?ight data With the pieces of text data. 

* * * * * 


