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(54) METHOD AND APPARATUS FOR IMPLEMENTING AN AUTONOMOUS DISTRESS TRACKING

TRIGGERING FUNCTION

(57) A system and method for implementing an au-
tonomous distress tracking (ADT) triggering function is
provided. The method comprises receiving a configura-
tion file containing a plurality of user configurable param-
eters from a ground-based system, configuring an aircraft
condition and monitoring function (ACMF) engine to ap-
ply trigger logic specified by the plurality of user config-
urable parameters to aircraft sensor and/or system data
and monitoring for a plurality of distress conditions spec-
ified by the plurality of user configurable parameters; ex-
ecuting the configured ACMF engine to detect the occur-
rence of a distress condition; automatically generating a
data message when a distress condition occurrence has
been detected wherein the data message can include
aircraft position data specified in the user configurable
parameters, the aircraft sensor and/or system data on
which the detection of the one or more trigger conditions
was based, and the identity of the detected distress con-
dition; and automatically sending the data message to a
transmission system onboard the aircraft that is config-

ured to transmit a search and rescue signal.

100

~

DISTRESS CONDITION DETECTION AND TRIGGERING 122

" ONBOARD

TAWS (e.q.,
EGPWS) 124 ACMF 106

ACMFLOGIC )
EXECUTION
ENGINE

130 112
DISTRESS DATA
TRANSMISSION SYSTEMS
118

118

l ELT-OT ool ACMF INPUT

EUT A AND OUTPUT
\ 1s2

120
GROUND
104,
\ DISTRESS CONDITION CONFIGURATION 110
108

REPORT BUILDER TOOL

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 102 482 A1 2

Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims benefit of prior
filed Indian Provisional Patent Application No.
202111025424, filed June 8, 2021, which is hereby in-
corporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the subject matter described
herein relate generally to autonomous distress tracking
(ADT). More particularly, embodiments of the subject
matter relate to systems and methods for providing user
configurable ADT on an aircraft.

BACKGROUND

[0003] Autonomous distress tracking (ADT) has been
mandated for commercial aircraft as part of the Global
Aeronautical Distress and Safety System (GADSS) initi-
ative launched by the International Civil Aviation Organ-
ization (ICAO) after several accidents where downed air-
craft could not be located at all, or only after long and
expensive search efforts. Adding additional equipment
onto an aircraft can be an expensive endeavor in terms
of cost and time due to hardware and software certifica-
tion requirements. Also, adding hardware can increase
the weight of the aircraft and require hardwiring to the
airplane data network, sensors, and systems. Imple-
menting an ADT triggering function with new hardware
can be costly due to, among other things, hardware cer-
tification and hardware infrastructure and wiring changes
required to interface with the onboard aircraft sensors
and avionics systems for aircraft state determination and
distress data transmission.

[0004] Hence, it is desirable to provide systems and
methods for implementing an ADT triggering function
without adding additional hardware. Furthermore, other
desirable features and characteristics of the present in-
vention will become apparent from the subsequent de-
tailed description and the appended claims, taken in con-
junction with the accompanying drawings and the fore-
going technical field and background.

SUMMARY

[0005] This summary is provided to describe select
concepts in a simplified form that are further described
in the Detailed Description. This summary is notintended
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.

[0006] In one embodiment, an autonomous distress
tracking (ADT) triggering function implemented in an air-
craft is disclosed. The ADT triggering function includes
a controller configured to receive a configuration file con-
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taining a plurality of user configurable parameters from
a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The controller is fur-
ther configured to configure an aircraft condition and
monitoring function (ACMF) engine using the plurality of
user configurable parameters from the ground-based
system to apply the trigger logic to the identified aircraft
sensor and/or system data and monitor for the plurality
of distress conditions specified by the plurality of user
configurable parameters; execute the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generate a data message when a distress
condition occurrence has been detected, wherein the da-
ta message includes the aircraft sensor and/or system
data on which the detection of the one or more trigger
conditions was based and the identity of the detected
distress condition; and automatically send the data mes-
sage to a transmission system onboard the aircraft that
is configured to transmit a search and rescue signal,
wherein ADT functionality thatis user configurable is pro-
vided on the aircraft.

[0007] In another embodiment, a computer-imple-
mented method in an aircraft for implementing an auton-
omous distress tracking (ADT) triggering function is dis-
closed. The method includes receiving a configuration
file containing a plurality of user configurable parameters
from a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The method further
includes: configuring an aircraft condition and monitoring
function (ACMF) engine using the plurality of user con-
figurable parameters from the ground-based system to
apply the trigger logic to the identified aircraft sensor
and/or system data and monitoring for the plurality of
distress conditions specified by the plurality of user con-
figurable parameters; executing the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generating a data message when a dis-
tress condition occurrence has been detected wherein
the data message includes the aircraft sensor and/or sys-
tem data on which the detection of the one or more trigger
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conditions was based and the identity of the detected
distress condition; and automatically sending the data
message to a transmission system onboard the aircraft
that is configured to transmit a search and rescue signal,
wherein ADT functionality that is user configurable is pro-
vided on the aircraft.

[0008] Inanotherembodiment, disclosed is anon-tran-
sitory computer-readable medium having stored thereon
instructions that when executed by a processor on an
aircraft cause the processor to perform a method for im-
plementing an autonomous distress tracking (ADT) trig-
gering function. The method includes receiving a config-
uration file containing a plurality of user configurable pa-
rameters from a ground-based system that: identify air-
craft sensor and/or system data from which a plurality of
distress conditions for which to monitor can be deter-
mined, provide trigger logic for each distress condition
wherein the trigger logic for each distress condition iden-
tifies logic to apply to the aircraft sensor and/or system
data and one or more trigger conditions for identifying
the occurrence of the distress condition, and identify air-
craft position data from which an aircraft position can be
derived during the occurrence of adistress condition. The
method further includes: configuring an aircraft condition
and monitoring function (ACMF) engine using the plural-
ity of user configurable parameters from the ground-
based system to apply the trigger logic to the identified
aircraft sensor and/or system data and monitoring for the
plurality of distress conditions specified by the plurality
of user configurable parameters; executing the config-
ured ACMF engine to detect the occurrence of a distress
condition specified in the plurality of user configurable
parameters; automatically generating a data message
when a distress condition occurrence has been detected
wherein the data message includes the aircraft sensor
and/or system data on which the detection of the one or
more trigger conditions was based and the identity of the
detected distress condition; and automatically sending
the data message to a transmission system onboard the
aircraft thatis configured to transmit a search and rescue
signal, wherein ADT functionality thatis user configurable
is provided on the aircraft.

[0009] Furthermore, otherdesirable features and char-
acteristics willbecome apparent from the subsequent de-
tailed description and the appended claims, taken in con-
junction with the accompanying drawings and the pre-
ceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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 wherein:

FIG. 1 is a block diagram depicting an example en-
vironment associated with an aerial vehicle that im-
plements an autonomous distress tracking (ADT)
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triggering function, in accordance with some embod-
iments;

FIG. 2 is a block diagram depicting another example
environment associated with an aerial vehicle that
implements an autonomous distress tracking (ADT)
triggering function, in accordance with some embod-
iments; and

FIG. 3 is a process flow chart depicting an example
process 300 for implementing an autonomous dis-
tress tracking triggering function, in accordance with
some embodiments.

DETAILED DESCRIPTION

[0011] The following detailed description is merely ex-
emplary in nature and is not intended to limit the appli-
cation and uses. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in
the preceding technical field, background, summary, or
the following detailed description. As used herein, the
term "module" refers to any hardware, software,
firmware, electronic control component, processing log-
ic, and/or processor device, individually or in any combi-
nation, including without limitation: application specific
integrated circuit (ASIC), a field-programmable gate-ar-
ray (FPGA), an electronic circuit, a processor (shared,
dedicated, or group) and memory that executes one or
more software or firmware programs, a combinational
logic circuit, and/or other suitable components that pro-
vide the described functionality.

[0012] Embodiments of the present disclosure may be
described herein in terms of functional and/or logical
components and various processing steps. It should be
appreciated that such functional and/or logical compo-
nents may be realized by any number of hardware, soft-
ware, and/or firmware components configured to perform
the specified functions. For example, an embodiment of
the present disclosure may employ various integrated
circuit components, e.g., memory elements, digital signal
processing elements, logic elements, look-up tables, or
the like, which may carry out a variety of functions under
the control of one or more microprocessors or other con-
trol devices. In addition, those skilled in the art will ap-
preciate that embodiments of the present disclosure may
be practiced in conjunction with any number of systems,
and that the systems described herein is merely exem-
plary embodiments of the present disclosure.

[0013] Forthe sake ofbrevity, conventional techniques
related to signal processing, data transmission, signal-
ing, control, and other functional aspects of the systems
(andthe individual operating components of the systems)
may not be described in detail herein. Furthermore, the
connecting lines shown in the various figures contained
herein are intended to represent example functional re-
lationships and/or physical couplings between the vari-
ous elements. It should be noted that many alternative
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or additional functional relationships or physical connec-
tions may be present in an embodiment of the present
disclosure.

[0014] The subject matter described herein discloses
apparatus, systems, techniques, and articles for imple-
menting an autonomous distress tracking (ADT) trigger-
ing function using on-board systems that can detect an
emergency and broadcast position, or distinctive distress
signals from which aircraft position can be derived. The
ICAO has updated ICAO Annex 6 standards to include
requirements for tracking commercial planes during all
phases of flight. ARINC project paper 680 highlights the
objectives and requirements as defined by the ICAO for
including functionality for autonomous identification and
reporting of distress situations using ADT in addition to
Aircraft Tracking (AT) and Post Flight Localization & Re-
covery (PFLR). The apparatus, systems, techniques,
and articles provided herein can provide an operator of
an airplane flexibility in how an ADT triggering function
is implemented while still satisfying ADT mandated ob-
jectives.

[0015] The apparatus, systems, techniques, and arti-
cles provided herein utilizes hardware already existing
on the aircraft that has sufficient CPU processing capa-
bility to hostthe ADT functionality and that can be certified
to DO178 B/C DAL-C assurance level. The apparatus,
systems, techniques, and articles provided herein can
utilize hardware already existing on the aircraft that have
input/output channels available to interface with aircraft
sensors and systems onboard the aircraft. The appara-
tus, systems, techniques, and articles provided herein
can utilize hardware already existing on the aircraft that
have input/output channels available to interface with air
to ground datalink channels to allow aircraft state and
data to be transmitted to ground infrastructure.

[0016] The apparatus, systems, techniques, and arti-
cles provided herein can utilize common software com-
ponents that are common amongst different types of air-
craft and that can be customized by an aircraft operator
via user-selectable parameters for use on different types
of aircraft. Customizing ADT software from scratch for
different aircraft types can lead to high development, ver-
ification, and certification costs, whereas the reuse of
common software components can minimize the devel-
opment, verification, and certification costs.

[0017] FIG. 1 is a block diagram depicting an example
environment 100 associated with an aerial vehicle (e.g.,
manned aircraft, unmanned aircraft, fixed wing, roto craft,
UAV, or other aircraft) that implements an autonomous
distress tracking (ADT) triggering function. The example
environment 100 includes onboard aircraft equipment
102 and ground equipment 104, and implements an air-
craft condition monitoring system (ACMS) that comprises
an onboard aircraft condition monitoring function (ACMF)
106 implemented by the onboard aircraft equipment 102
and a corresponding ground-based Report Builder (RB)
tool 108 implemented by the ground equipment 104.
[0018] The example Report Builder tool 108, imple-
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mented by the ground equipment 104 (e.g., desktop com-
puter), is configured to generate one or more custom
configuration files (e.g., called ACMF applications Field
Loadable Logic File) for a distress conditions configura-
tion database 110. The sets of instructions from one or
more custom configuration files in the distress conditions
configuration database 110 are subsequently delivered
to the ACMF 106 and stored in an onboard distress con-
ditions configuration database 112. These instructions
convey to the ACMF 106 which aircraft parameters to
monitor, which trigger conditions to evaluate, which con-
ditions should trigger the ACMF 106 to generate a dis-
tress signal or report, and which parameters to be includ-
ed in a report, etc.

[0019] The ACMF 106 is the airborne component of
the ACMS. The ACMF 106 collects user-specified pa-
rameters specified in the instructions in the custom con-
figuration files and evaluates conditions based on user-
specified conditions specified in the instructions in the
custom configuration files. When the user-specified con-
ditions are met, the ACMF 106 generates a distress sig-
nal for transmission to a distress data transmission sys-
tem 116 such as ELT-DT 118 and/or reports containing
time-sampled data from an aircraft bus, and/or computed
values that are derived from that time-sampled data.
[0020] A user(e.g., Aircraft Operator or Original Equip-
ment Manufacturer) can configure the conditions to be
evaluated, parameters to be collected including its rate
of collection, format, etc. and build the loadable database
110. The database 110 can be loaded on-board the air-
craft into the onboard distress conditions configuration
database 112 where the ACMF 106 can evaluate the
conditions specified in the onboard distress conditions
configuration database 112 and collect report data spec-
ified in the onboard distress conditions configuration da-
tabase 112 based on trigger conditions specified in the
onboard distress conditions configuration database 112.
The collected reports can be stored in the available/con-
figured storage devices and or can be transmitted
through communication links as needed/configured in
the onboard distress conditions configuration database
112. The collected data can be used for post flight anal-
ysis to support airplane maintenance, performance, trou-
bleshooting, and trend monitoring.

[0021] The example onboard aircraft equipment 102
also includes aircraft sensors and systems 114 (e.g.,
Flight Control System (FCS), Engine Control Unit (ECU),
Inertial Reference System (IRS)), one or more distress
data transmission systems 116 such as an emergency
locator transmitter - Distress Tracker (ELT-DT) 118
and/or a communications management unit (CMU) 120,
and a distress condition detection and triggering system
122. The example distress condition detection and trig-
gering system 122 includes processing components for
implementing a terrain awareness and warning system
(TAWS) 124, such as an enhanced ground proximity
warning system (EGPWS). The processing components
in the example distress condition detection and triggering
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system 122 are also used to implement the ACMF 106.
[0022] The processing components (e.g., controllers)
in the example distress condition detection and triggering
system 122 (and 222) include at least one processor and
a computer-readable storage device or media encoded
with programming instructions for configuring the
processing component. The processor may be any cus-
tom-made or commercially available processor, a central
processing unit (CPU), a graphics processing unit (GPU),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA), an auxiliary processor
among several processors associated with the process-
ing component, a semiconductor-based microprocessor
(in the form of a microchip or chip set), any combination
thereof, or generally any device for executing instruc-
tions.

[0023] The computer readable storage device or me-
dia may include volatile and nonvolatile storage in read-
only memory (ROM), random-access memory (RAM),
and keep-alive memory (KAM), for example. KAM is a
persistent or non-volatile memory that may be used to
store various operating variables while the processor is
powered down. The computer-readable storage device
or media may be implemented using any of a number of
known memory devices such as PROMs (programmable
read-only memory), EPROMs (electrically PROM), EEP-
ROMs (electrically erasable PROM), flash memory, or
any other electric, magnetic, optical, or combination
memory devices capable of storing data, some of which
represent executable programming instructions, used by
the processing component.

[0024] The example TAWS 124 includes software 126
(e.g., GPWS or EGPWS software) for alerting flight crew
members (e.g., pilots) if their aircraftis inimmediate dan-
ger of flying into the ground or an obstacle. To perform
its alerting function the TAWS 124 includes common in-
put and output 128 for interfacing with aircraft sensors
and systems 114, and distress data transmission sys-
tems 116 such as an emergency locator transmitter -
Distress Tracker (ELT-DT) 118 and/or a communications
management unit (CMU) 120. The common input and
output 128 can be made available to the ACMF 106 for
use when collecting user-specified parameters specified
in the instructions in the custom configuration files, eval-
uating conditions based on user-specified conditions
specified in the instructions in the custom configuration
files, and collecting report data specified in the instruc-
tions in the custom configuration files including time-sam-
pled data from an aircraft bus and/or computed values
that are derived from that time-sampled data.

[0025] The example ACMF 106 includes an ACMF log-
ic execution engine 130 comprising software that is con-
figured by the plurality of instructions contained in the
custom configuration files in the distress conditioning
configuration database 112 and an ACMF input and out-
put section 132 for interfacing with aircraft sensors and
systems 114, and distress data transmission systems
116 such as an emergency locator transmitter - Distress
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Tracker (ELT-DT) 118 and/or a communications man-
agement unit (CMU) 120, via the common input and out-
put 128.

[0026] Inthisexample,the ACMF 106 providesan ADT
triggering function implemented in a terrain TAWS 122
on an aircraft. The ADT triggering function comprises
processing components (e.g., a controller) configured to
receive a configuration file containing a plurality of user
configurable parameters from a ground-based system
104 that: identify a plurality of distress conditions for
which to monitor, identify aircraft sensor and/or system
data (e.g., from aircraft sensors and systems 114) from
which the distress conditions can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions (e.g., Unusual Altitude, Unu-
sual Speed, Loss of Thrust/Power, Collision with Terrain)
for identifying the occurrence of the distress condition
(e.g., Engine failure in flight, Loss of control In-flight, Con-
trolled Flight into Terrain, Failure of Onboard Communi-
cation system/Failure to report airplane position or oper-
ational status), and identify aircraft position data from
which an aircraft position can be derived during the oc-
currence of a distress condition.

[0027] The processing components are further config-
ured to execute an ACMF engine that is configured by
the plurality of user configurable parameters from the
ground-based system to apply the trigger logic to the
identified aircraft sensor and/or system data and monitor
for the plurality of distress conditions specified by the
plurality of user configurable parameters, and execute
the configured ACMF engine to detect the occurrence of
a distress condition specified in the plurality of user con-
figurable parameters. The processing components are
further configured to automatically generate a data mes-
sage when a distress condition occurrence has been de-
tected wherein the data message can include aircraft po-
sition data specified in the user configurable parameters,
the aircraft sensor and/or system data on which the de-
tection of the one or more trigger conditions was based,
and the identity of the detected distress condition. The
processing components are further configured to auto-
matically send the data message to a ground center via
the distress data transmission systems 116 such as an
emergency locator transmitter - Distress Tracker (ELT-
DT) 118 and/or a communications management unit
(CMU) 120, via the common input and output 128. Thus,
ADT functionality that is user configurable is provided on
the aircraft.

[0028] To reduce the number of nuisance alerts, a
"Power Valid" discrete signal (e.g., on/off signal) indicat-
ing that the power is valid to the TAWS 124 may be pro-
vided from the TAWS 124 to a distress data transmission
system 116 (e.g., ELT-DT 118 and/or CMU 120). The
Power Valid signal may be used as a supplemental trig-
gering signal that informs the distress data transmission
system 116 of the power state of the TAWS 124. This
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may allow a single instance of an ACMF 106 generated
distress signal, when a Power Valid signal is active, to
trigger the distress data transmission system 116 and
meet desired nuisance alert rates. Alternatively or addi-
tionally, two instances (within a specified time period) of
an ACMF 106 generated distress signal (with or without
an active Power Valid signal) may be used to trigger the
distress data transmission system 116 and meet desired
nuisance alert rates.

[0029] FIG. 2 is a block diagram depicting an example
environment 200 associated with an aerial vehicle (e.g.,
manned aircraft, unmanned aircraft, UAV, or other air-
craft) that implements an autonomous distress tracking
(ADT) triggering function. The example environment 200
includes onboard aircraft equipment 202 and ground
equipment 204, and implements an aircraft condition
monitoring system (ACMS) that comprises an onboard
aircraft condition monitoring function (ACMF) 206 imple-
mented by the onboard aircraft equipment 202 and a cor-
responding ground-based Report Builder (RB) tool 208
implemented by the ground equipment 204.

[0030] The example report builder tool 208, imple-
mented by the ground equipment 204 (e.g., desktop com-
puter), is configured to generate one or more custom
configuration files (e.g., called ACMF applications Field
Loadable Logic File) for a distress conditions configura-
tion database 210. The sets of instructions from one or
more custom configuration files in the distress conditions
configuration database 210 are subsequently delivered
to the ACMF 206 and stored in an onboard distress con-
ditions configuration database 212. These instructions
tell the ACMF 206 which aircraft parameters to monitor,
which trigger conditions to evaluate, which conditions
should trigger the ACMF 206 to generate a distress signal
or a report, and which parameters to be included in a
report, etc.

[0031] The ACMF 206 is the airborne component of
the ACMS. The ACMF 206 collects user-specified pa-
rameters specified in the instructions in the custom con-
figuration files and evaluates conditions based on user-
specified conditions specified in the instructions in the
custom configuration files. When the user-specified con-
ditions are met, the ACMF 206 generates a distress sig-
nal for transmission to a distress data transmission sys-
tem 116 such as ELT-DT 218 and/or reports containing
time-sampled data from an aircraft bus, and/or computed
values that are derived from that time-sampled data.
[0032] Auser(e.g.,Aircraft Operator or Original Equip-
ment Manufacturer) can configure the conditions to be
evaluated, parameters to be collected including its rate
of collection, format, etc. and build the loadable database
210. The database 210 can be loaded on-board the air-
craft into the onboard distress conditions configuration
database 212 where the ACMF 206 can evaluate the
conditions specified in the onboard distress conditions
configuration database 212 and collect report data spec-
ified in the onboard distress conditions configuration da-
tabase 212 based on trigger conditions specified in the
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onboard distress conditions configuration database 212.
The collected reports can be stored in the available/con-
figured storage devices and or can be transmitted
through communication links as needed/configured in
the onboard distress conditions configuration database
212. The collected data can be used for post flight anal-
ysis to support airplane maintenance, performance, trou-
bleshooting, and trend monitoring.

[0033] The example onboard aircraft equipment 202
also includes aircraft sensors and systems 214 (e.g.,
Flight Control System (FCS), Engine Control Unit (ECU),
Inertial Reference System (IRS)), one or more distress
data transmission systems 216 such as an emergency
locator transmitter - Distress Tracker (ELT-DT) 218
and/or a communications management unit (CMU) 220,
and a distress condition detection and triggering system
222. The example distress condition detection and trig-
gering system 222 comprises processing components
included in a modular avionics unit (MAU) processor
module 224. The processing components in the MAU
processor module 224 are used to implement the ACMF
206.

[0034] The MAU processor module 224 is a module
thatisincorporated in a hardware cabinet called the mod-
ular avionics unit (MAU). The MAU blends aircraft-wide
network capabilities connected via a high-speed data bus
(e.g., ASCB data bus) with a cabinet-based modular ar-
chitecture. Field removable modules (such as the MAU
processor module 224)for computing, database storage,
input/output, network communication, and/or power sup-
ply are plugged into the MAU.

[0035] The example MAU processor module 224 in-
cludes common input and output 228 for interfacing with
aircraft sensors and systems 214, and distress data
transmission systems 216 such as an emergency locator
transmitter - Distress Tracker (ELT-DT) 218 and/or a
communications management unit (CMU) 220. The com-
mon input and output 228 can be made available to the
ACMF 206 for use when collecting user-specified param-
eters specified in the instructions in the custom configu-
ration files, evaluating conditions based on user-speci-
fied conditions specified in the instructions in the custom
configuration files, and collecting report data specified in
the instructions in the custom configuration files including
time-sampled data from an aircraft bus and/or computed
values that are derived from that time-sampled data.
[0036] The example ACMF 206 includes an ACMF log-
ic execution engine 230 comprising software for execut-
ing an ACMF engine using the plurality of instructions
contained in the custom configuration files in the distress
conditioning configuration database 212 and an ACMF
input and output section 232 for interfacing with aircraft
sensors and systems 214, and distress data transmission
systems 216 such as an emergency locator transmitter
- Distress Tracker (ELT-DT) 218 and/or a communica-
tions management unit (CMU) 220, via the common input
and output 228.

[0037] Inthisexample,the ACMF 206 providesan ADT
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triggering function implemented on a MAU processor
module 224 on an aircraft. The ADT triggering function
comprises processing components (e.g., a controller)
configured to receive a configuration file containing a plu-
rality of user configurable parameters from a ground-
based system 204 that: identify a plurality of distress con-
ditions for which to monitor, identify aircraft sensor and/or
system data (e.g., fromaircraft sensors and systems 214)
from which the distress conditions can be determined,
provide trigger logic for each distress condition wherein
the trigger logic for each distress condition identifies logic
to apply to the aircraft sensor and/or system data and
one or more trigger conditions (e.g., Unusual Altitude,
Unusual Speed, Loss of Thrust/Power, Collision with Ter-
rain) for identifying the occurrence of the distress condi-
tion (e.g., Engine failure in flight, Loss of control In-flight,
Controlled Flight into Terrain, Failure of Onboard Com-
munication system/Failure to report airplane position or
operational status), and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition.

[0038] The processing components are further config-
ured to execute the ACMF engine that is configured by
the plurality of user configurable parameters from the
ground-based system to apply the trigger logic to the
identified aircraft sensor and/or system data and monitor
for the plurality of distress conditions specified by the
plurality of user configurable parameters, and execute
the configured ACMF engine to detect the occurrence of
a distress condition specified in the plurality of user con-
figurable parameters. The processing components are
further configured to automatically generate a data mes-
sage when a distress condition occurrence has been de-
tected wherein the data message can include aircraft po-
sition data specified in the user configurable parameters,
the aircraft sensor and/or system data on which the de-
tection of the one or more trigger conditions was based,
and the identity of the detected distress condition. The
processing components are further configured to auto-
matically send the data message to a ground center via
the distress data transmission systems 216 such as an
emergency locator transmitter - Distress Tracker (ELT-
DT) 218 and/or a communications management unit
(CMU) 220, via the common input and output 228. Thus,
ADT functionality that is user configurable is provided on
the aircraft. To reduce the number of nuisance alerts, in
some examples, two instances (within a specified time
period) of an ACMF 206 generated distress signal may
be used to trigger the distress data transmission system
216 and meet desired nuisance alert rates.

[0039] The example ACMS can comply with all condi-
tions needed to implement an ADT system. First, the ex-
ample ACMS provides Distress Condition Configuration
capabilities. The example ACMS provides ground tools
(e.g., Report Builder tool 108/208) for an ADT system to
configure parameters, distress conditions / trigger logic
and aircraft position parameters for transmission includ-
ing the rate of transmission using transmission systems
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such as CMU, ELT-DT, or SATCOM.

[0040] An example Report Builder (RB) tool (108/208)
provides a User Interface tool with simple modelling in-
terface, where-in a user is provided with a rich set of
toolboxes containing mathematical function models. Ex-
ample mathematical functions provided include Arithme-
tic, Statistical, Logical, Relational, Assignment, Changed
State, signal time and frequency transformation. Triggers
may be configured to be executed at any of the following
typical avionics interval (e.g., 20Hz, 10Hz, 5Hz, 1Hz).
The output of the RB tool (108/208) will be provided to a
Distress Conditions Configuration Database (DCCD)
210 in a format such as Structured Query Language
(SQL), Extensible Markup Language (XML), JavaScript
Object Notation (JSON), or binary format.

[0041] Second, the example ACMS provides Distress
Condition Detection and Triggering. The example ACMS
provides onboard software components (e.g., ACMF log-
ic execution engine 130/230) that operate based on user
configured parameters. The software continuously col-
lects configured parameters, evaluated trigger condi-
tions, and identifies distress conditions.

[0042] The example ACMF Logic Execution Engine
(130/230) performs the ADT functionality by reading the
DCCD database (112/212), processing and executing
the defined triggers, and transmitting the aircraft state
and data via the ACMF Input and Output (I/0O) blocks
(132/232). The ACMF 1/O blocks (132/232) represent
functionality that is capable of performing airplane pa-

rameter 1/O via the avionics available interfaces
(128/228).
[0043] Third, the example ACMS provides Distress

Data Transmission. The example ACMS provides a way
to transmit distress data including aircraft positional in-
formation to ground data centers through various com-
munication channels established in the respective air-
plane.

[0044] Fourth, the example ACMS provides access to
Aircraft Systems and Sensors. The example ACMS pro-
vides access to aircraft systems and sensors that are the
source of airplane parameters information that can be
used for aircraft state or distress condition determination
required to perform ADT functionality.

[0045] FIG. 3 is a process flow chart depicting an ex-
ample process 300 for implementing autonomous dis-
tress tracking. The example process may be performed
in a TAWS or a MAU processor module. The order of
operation within the process 300 is not limited to the se-
quential execution as illustrated in the figure but may be
performed in one or more varying orders as applicable
and in accordance with the present disclosure.

[0046] The example process 300 includes receiving a
configuration file containing a plurality of user configura-
ble parameters from a ground-based system (operation
302). The user configurable parameters may identify a
plurality of distress conditions for which to monitor, iden-
tify aircraft sensor and/or system data from which the
distress conditions can be determined, provide trigger
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logic for each distress condition wherein the trigger logic
for each distress condition identifies logic to apply to the
aircraft sensor and/or system data and one or more trig-
ger conditions for identifying the occurrence of the dis-
tress condition, and identify aircraft position data from
which an aircraft position can be derived during the oc-
currence of a distress condition. The ground-based sys-
tem may comprise a software tool configured to build the
configuration file containing the plurality of user config-
urable parameters and store the configuration file con-
taining the plurality of user configurable parameters in a
database.

[0047] The received configuration file may be subse-
quently stored in a database onboard the aircraft. The
format of the configuration file may comprise Structured
Query Language (SQL), Extensible Markup Language
(XML), JavaScript Object Notation (JSON), or binary for-
mat.

[0048] The trigger logic may comprise one or more
mathematical functions including one or more of arith-
metic, statistical, logical, relational, assignment, changed
state, signal time, or frequency transformation functions.
The trigger logic may be configured to be executed at
one or more of the following avionics intervals: 20 Hertz
(Hz), 10Hz, 5Hz, or 1Hz.

[0049] The example process 300 includes configuring
an ACMF engine using the plurality of user configurable
parameters to apply the trigger logic to the identified air-
craft sensor and/or system data and monitoring for the
plurality of distress conditions specified by the plurality
of user configurable parameters (operation 304).
[0050] The example process 300 includes executing
the configured ACMF engine to detect the occurrence of
a distress condition specified in the plurality of user con-
figurable parameters (operation 306). Executing the con-
figured ACMF engine may comprises applying the trigger
logic specified in the user configurable parameters to the
aircraft sensor and/or system data specified in the user
configurable parameters, and detecting the occurrence
of a distress condition identified in the plurality of user
configurable parameters when the occurrence of one or
more of the trigger conditions specified in the user con-
figurable parameters is detected.

[0051] The example process 300 includes automati-
cally generating a data message when a distress condi-
tion occurrence has been detected (operation 308). The
data message may include aircraft position data specified
in the user configurable parameters, the aircraft sensor
and/or system data on which the detection of the one or
more trigger conditions was based, and the identity of
the detected distress condition.

[0052] The example process 300 includes automati-
cally sending the data message to a transmission system
onboard the aircraftthatis configured to transmita search
and rescue signal (operation 310). The user configurable
parameters may comprise an identity of a transmission
system onboard the aircraft to use to automatically trans-
mit the search and rescue signal to a ground center, and
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automatically sending the data message may comprise
automatically transmitting the search and rescue signal
to the ground center using the transmission system spec-
ified in the user configurable parameters. The transmis-
sion system may comprise an onboard emergency loca-
tor transmitter - Distress Tracker (ELT-DT) or a commu-
nication management unit (CMU).

[0053] Described herein are apparatus, systems, tech-
niques, and articles forimplementing an autonomous dis-
tress tracking (ADT) triggering function using on-board
systems that can detect an emergency and broadcast
position, or distinctive distress signals from which aircraft
position can be derived. The apparatus, systems, tech-
niques and articles provided herein can eliminate the
need for separate hardware to implement an ADT solu-
tion, eliminate separate hardware certification and cost,
allow for reusing of ACMF software component stacks
and configuration tools to speed up ADT development
and deployment, provide a retrofit solution that can be
deployed into an aircraft that hosts a TAWS or MAU proc-
essor module, provide a configuration and modelling tool
that simplifies ADT distress condition configuration and
destination transmission systems, and allow for addition-
al ADT requirements (parameters or trigger scenarios,
etc.)to be enforced infuture through the use of the ground
tool to configure parameters.

[0054] In one embodiment, an autonomous distress
tracking (ADT) triggering function implemented in a ter-
rain awareness and warning system (TAWS) on an air-
craftis provided. The system comprises a controller con-
figured to receive a configuration file containing a plurality
of user configurable parameters from a ground-based
system that: identify aircraft sensor and/or system data
from which a plurality of distress conditions for which to
monitor can be determined, provide trigger logic for each
distress condition wherein the trigger logic for each dis-
tress condition identifies logic to apply to the aircraft sen-
sor and/or system data and one ormore trigger conditions
for identifying the occurrence of the distress condition,
and identify aircraft position data from which an aircraft
position can be derived during the occurrence of a dis-
tress condition. The controller is further configured to
configure an aircraft condition and monitoring function
(ACMF) engine using the plurality of user configurable
parameters from the ground-based system to apply the
trigger logic to the identified aircraft sensor and/or system
data and monitor for the plurality of distress conditions
specified by the plurality of user configurable parameters;
execute the configured ACMF engine to detect the oc-
currence of a distress condition specified in the plurality
of user configurable parameters; automatically generate
a data message when a distress condition occurrence
has been detected, wherein the data message includes
the aircraft sensor and/or system data on which the de-
tection of the one or more trigger conditions was based,
and the identity of the detected distress condition; and
automatically send the data message to a transmission
system onboard the aircraft that is configured to transmit



15 EP 4 102 482 A1 16

a search and rescue signal, wherein ADT functionality
that is user configurable is provided on the aircraft.
[0055] These aspects and other embodiments may in-
clude one or more of the following features. The config-
uration file may be stored in a database onboard the air-
craft. To execute the controller may be further configured
to apply the trigger logic specified in the user configurable
parameters to the aircraft sensor and/or system data
specified in the user configurable parameters; and detect
the occurrence of a distress condition identified in the
plurality of user configurable parameters when the oc-
currence of one or more of the trigger conditions specified
in the user configurable parameters is detected. ADT
functionality that is user configurable may be provided
on the aircraft without additional hardware being added
to the aircraft. The ground-based system may comprise
a software tool configured to build the configuration file
containing the plurality of user configurable parameters
and store the configuration file containing the plurality of
user configurable parameters in a database. The trigger
logic may comprise one or more mathematical functions
including one or more of arithmetic, statistical, logical,
relational, assignment, changed state, signal time, or fre-
quency transformation functions. The trigger logic may
be configured to be executed at one or more of the fol-
lowing avionics intervals 20 Hertz (Hz), 10Hz, 5Hz, or
1Hz. The format of the configuration file may comprise
Structured Query Language (SQL), Extensible Markup
Language (XML), JavaScript Object Notation (JSON), or
binary format. The user configurable parameters may fur-
ther comprise an identity of a transmission system on-
board the aircraft that is configured to transmit the search
andrescue signal to a ground center, and to automatically
send the controller may be configured to automatically
transmit the search and rescue signal to the ground cent-
er using the transmission system specified in the user
configurable parameters. The transmission system may
comprise an onboard emergency locator transmitter -
Distress Tracker (ELT-DT) or a communication manage-
ment unit (CMU).

[0056] In another embodiment, a computer-imple-
mented method in a terrain awareness and warning sys-
tem (TAWS) on an aircraft for implementing an autono-
mous distress tracking (ADT) triggering function is pro-
vided. The method comprises receiving a configuration
file containing a plurality of user configurable parameters
from a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The method further
comprises: configuring an aircraft condition and monitor-
ing function (ACMF) engine using the plurality of user
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configurable parameters from the ground-based system
to apply the trigger logic to the identified aircraft sensor
and/or system data and monitoring for the plurality of
distress conditions specified by the plurality of user con-
figurable parameters; executing the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generating a data message when a dis-
tress condition occurrence has been detected wherein
the data message includes the aircraft sensor and/or sys-
tem data on which the detection of the one or more trigger
conditions was based and the identity of the detected
distress condition; and automatically sending the data
message to a transmission system onboard the aircraft
that is configured to transmit a search and rescue signal,
wherein ADT functionality thatis user configurable is pro-
vided on the aircraft.

[0057] These aspects and other embodiments include
one or more of the following features. The executing the
configured ACMF engine may comprise applying the trig-
ger logic specified in the user configurable parameters
to the aircraft sensor and/or system data specified in the
user configurable parameters; and detecting the occur-
rence of a distress condition identified in the plurality of
user configurable parameters when the occurrence of
one or more of the trigger conditions specified in the user
configurable parameters is detected. The method may
further comprise storing the configuration file in a data-
base onboard the aircraft. The ADT functionality that is
user configurable may be provided on the aircraft without
additional hardware being added to the aircraft. The
ground-based system may comprise a software tool con-
figured to build the configuration file containing the plu-
rality of user configurable parameters and store the con-
figuration file containing the plurality of user configurable
parameters in a database. The trigger logic may com-
prise one or more mathematical functions including one
or more of arithmetic, statistical, logical, relational, as-
signment, changed state, signal time, or frequency trans-
formation functions. The trigger logic may be configured
to be executed at one or more of the following avionics
intervals 20 Hertz (Hz), 10Hz, 5Hz, or 1Hz. The format
of the configuration file may comprise Structured Query
Language (SQL), Extensible Markup Language (XML),
JavaScript Object Notation (JSON), or binary format. The
user configurable parameters may further comprise an
identity of a transmission system onboard the aircraft that
is configured to transmit the search and rescue signal to
aground center, and automatically sending the data mes-
sage may comprise automatically transmitting the search
and rescue signal to the ground center using the trans-
mission system specified in the user configurable param-
eters. The transmission system may comprise an on-
board emergency locator transmitter - Distress Tracker
(ELT-DT) or a communication management unit (CMU).
[0058] In another embodiment, non-transitory compu-
ter-readable medium having stored thereon instructions
thatwhen executed by a processorin aterrain awareness
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and warning system (TAWS) on an aircraft cause the
processor to perform a method for implementing an au-
tonomous distress tracking (ADT) triggering function.
The method comprises receiving a configuration file con-
taining a plurality of user configurable parameters from
a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The method further
comprises: configuring an aircraft condition and monitor-
ing function (ACMF) engine using the plurality of user
configurable parameters from the ground-based system
to apply the trigger logic to the identified aircraft sensor
and/or system data and monitoring for the plurality of
distress conditions specified by the plurality of user con-
figurable parameters; executing the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generating a data message when a dis-
tress condition occurrence has been detected wherein
the data message includes the aircraft sensor and/or sys-
tem data on which the detection of the one or more trigger
conditions was based and the identity of the detected
distress condition; and automatically sending the data
message to a transmission system onboard the aircraft
that is configured to transmit a search and rescue signal,
wherein ADT functionality that is user configurable is pro-
vided on the aircraft.

[0059] These aspects and other embodiments include
one or more of the following features. The executing the
configured ACMF engine may comprise applying the trig-
ger logic specified in the user configurable parameters
to the aircraft sensor and/or system data specified in the
user configurable parameters; and detecting the occur-
rence of a distress condition identified in the plurality of
user configurable parameters when the occurrence of
one or more of the trigger conditions specified in the user
configurable parameters is detected. The method may
further comprise storing the configuration file in a data-
base onboard the aircraft. The ADT functionality that is
user configurable may be provided on the aircraft without
additional hardware being added to the aircraft. The
ground-based system may comprise a software tool con-
figured to build the configuration file containing the plu-
rality of user configurable parameters and store the con-
figuration file containing the plurality of user configurable
parameters in a database. The trigger logic may com-
prise one or more mathematical functions including one
or more of arithmetic, statistical, logical, relational, as-
signment, changed state, signal time, or frequency trans-
formation functions. The trigger logic may be configured
to be executed at one or more of the following avionics
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intervals 20 Hertz (Hz), 10Hz, 5Hz, or 1Hz. The format
of the configuration file may comprise Structured Query
Language (SQL), Extensible Markup Language (XML),
JavaScript Object Notation (JSON), or binary format. The
user configurable parameters may further comprise an
identity of a transmission system onboard the aircraft that
is configured to transmit the search and rescue signal to
aground center, and automatically sending the data mes-
sage may comprise automatically transmitting the search
and rescue signal to the ground center using the trans-
mission system specified in the user configurable param-
eters. The transmission system may comprise an on-
board emergency locator transmitter - Distress Tracker
(ELT-DT) or a communication management unit (CMU).
[0060] In another embodiment, an autonomous dis-
tress tracking (ADT) triggering function implemented in
a modular avionics unit (MAU) processor module on an
aircraft is provided. The system comprises a controller
configured to receive a configuration file containing a plu-
rality of user configurable parameters from a ground-
based system that: identify aircraft sensor and/or system
datafrom which a plurality of distress conditions for which
to monitor can be determined, provide trigger logic for
each distress condition wherein the trigger logic for each
distress condition identifies logic to apply to the aircraft
sensor and/or system data and one or more trigger con-
ditions for identifying the occurrence of the distress con-
dition, and identify aircraft position data from which an
aircraft position can be derived during the occurrence of
a distress condition. The controller is further configured
to configure an aircraft condition and monitoring function
(ACMF) engine using the plurality of user configurable
parameters from the ground-based system to apply the
trigger logic to the identified aircraft sensor and/or system
data and monitor for the plurality of distress conditions
specified by the plurality of user configurable parameters;
execute the configured ACMF engine to detect the oc-
currence of a distress condition specified in the plurality
of user configurable parameters; automatically generate
a data message when a distress condition occurrence
has been detected, wherein the data message includes
the aircraft sensor and/or system data on which the de-
tection of the one or more trigger conditions was based
and the identity of the detected distress condition; and
automatically send the data message to a transmission
system onboard the aircraft that is configured to transmit
a search and rescue signal, wherein ADT functionality
that is user configurable is provided on the aircraft.

[0061] These aspects and other embodiments may in-
clude one or more of the following features. The config-
uration file may be stored in a database onboard the air-
craft. To execute the controller may be further configured
to apply the trigger logic specified in the user configurable
parameters to the aircraft sensor and/or system data
specified in the user configurable parameters; and detect
the occurrence of a distress condition identified in the
plurality of user configurable parameters when the oc-
currence of one or more of the trigger conditions specified
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in the user configurable parameters is detected. ADT
functionality that is user configurable may be provided
on the aircraft without additional hardware being added
to the aircraft. The ground-based system may comprise
a software tool configured to build the configuration file
containing the plurality of user configurable parameters
and store the configuration file containing the plurality of
user configurable parameters in a database. The trigger
logic may comprise one or more mathematical functions
including one or more of arithmetic, statistical, logical,
relational, assignment, changed state, signal time, or fre-
quency transformation functions. The trigger logic may
be configured to be executed at one or more of the fol-
lowing avionics intervals 20 Hertz (Hz), 10Hz, 5Hz, or
1Hz. The format of the configuration file may comprise
Structured Query Language (SQL), Extensible Markup
Language (XML), JavaScript Object Notation (JSON), or
binary format. The user configurable parameters may fur-
ther comprise an identity of a transmission system on-
board the aircraft that is configured to transmit the search
and rescue signal to a ground center, and to automatically
send the controller may be configured to automatically
transmit the search and rescue signal to the ground cent-
er using the transmission system specified in the user
configurable parameters. The transmission system may
comprise an onboard emergency locator transmitter -
Distress Tracker (ELT-DT) or a communication manage-
ment unit (CMU).

[0062] In another embodiment, a computer-imple-
mented method in a modular avionics unit (MAU) proc-
essor module on an aircraft for implementing an auton-
omous distress tracking (ADT) triggering function is pro-
vided. The method comprises receiving a configuration
file containing a plurality of user configurable parameters
from a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The method further
comprises: configuring an aircraft condition and monitor-
ing function (ACMF) engine using the plurality of user
configurable parameters from the ground-based system
to apply the trigger logic to the identified aircraft sensor
and/or system data and monitoring for the plurality of
distress conditions specified by the plurality of user con-
figurable parameters; executing the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generating a data message when a dis-
tress condition occurrence has been detected wherein
the data message includes the aircraft sensor and/or sys-
tem data on which the detection of the one or more trigger
conditions was based and the identity of the detected
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distress condition; and automatically sending the data
message to a transmission system onboard the aircraft
that is configured to transmit a search and rescue signal,
wherein ADT functionality thatis user configurable is pro-
vided on the aircraft.

[0063] These aspects and other embodiments include
one or more of the following features. The executing the
configured ACMF engine may comprise applying the trig-
ger logic specified in the user configurable parameters
to the aircraft sensor and/or system data specified in the
user configurable parameters; and detecting the occur-
rence of a distress condition identified in the plurality of
user configurable parameters when the occurrence of
one or more of the trigger conditions specified in the user
configurable parameters is detected. The method may
further comprise storing the configuration file in a data-
base onboard the aircraft. The ADT functionality that is
user configurable may be provided on the aircraft without
additional hardware being added to the aircraft. The
ground-based system may comprise a software tool con-
figured to build the configuration file containing the plu-
rality of user configurable parameters and store the con-
figuration file containing the plurality of user configurable
parameters in a database. The trigger logic may com-
prise one or more mathematical functions including one
or more of arithmetic, statistical, logical, relational, as-
signment, changed state, signal time, or frequency trans-
formation functions. The trigger logic may be configured
to be executed at one or more of the following avionics
intervals 20 Hertz (Hz), 10Hz, 5Hz, or 1Hz. The format
of the configuration file may comprise Structured Query
Language (SQL), Extensible Markup Language (XML),
JavaScript Object Notation (JSON), or binary format. The
user configurable parameters may further comprise an
identity of a transmission system onboard the aircraft that
is configured to transmit the search and rescue signal to
aground center, and automatically sending the data mes-
sage may comprise automatically transmitting the search
and rescue signal to the ground center using the trans-
mission system specified in the user configurable param-
eters. The transmission system may comprise an on-
board emergency locator transmitter - Distress Tracker
(ELT-DT) or a communication management unit (CMU).
[0064] In another embodiment, non-transitory compu-
ter-readable medium having stored thereon instructions
that when executed by a processor in a modular avionics
unit (MAU) processor module on an aircraft cause the
processor to perform a method for implementing an au-
tonomous distress tracking (ADT) triggering function.
The method comprises receiving a configuration file con-
taining a plurality of user configurable parameters from
a ground-based system that: identify aircraft sensor
and/or system data from which a plurality of distress con-
ditions for which to monitor can be determined, provide
trigger logic for each distress condition wherein the trig-
ger logic for each distress condition identifies logic to
apply to the aircraft sensor and/or system data and one
or more trigger conditions for identifying the occurrence
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ofthe distress condition, and identify aircraft position data
from which an aircraft position can be derived during the
occurrence of a distress condition. The method further
comprises: configuring an aircraft condition and monitor-
ing function (ACMF) engine using the plurality of user
configurable parameters from the ground-based system
to apply the trigger logic to the identified aircraft sensor
and/or system data and monitoring for the plurality of
distress conditions specified by the plurality of user con-
figurable parameters; executing the configured ACMF
engine to detect the occurrence of a distress condition
specified in the plurality of user configurable parameters;
automatically generating a data message when a dis-
tress condition occurrence has been detected wherein
the data message includes the aircraft sensor and/or sys-
tem data on which the detection of the one or more trigger
conditions was based and the identity of the detected
distress condition; and automatically sending the data
message to a transmission system onboard the aircraft
that is configured to transmit a search and rescue signal,
wherein ADT functionality that is user configurable is pro-
vided on the aircraft.

[0065] These aspects and other embodiments include
one or more of the following features. The executing the
configured ACMF engine may comprise applying the trig-
ger logic specified in the user configurable parameters
to the aircraft sensor and/or system data specified in the
user configurable parameters; and detecting the occur-
rence of a distress condition identified in the plurality of
user configurable parameters when the occurrence of
one or more of the trigger conditions specified in the user
configurable parameters is detected. The method may
further comprise storing the configuration file in a data-
base onboard the aircraft. The ADT functionality that is
user configurable may be provided on the aircraft without
additional hardware being added to the aircraft. The
ground-based system may comprise a software tool con-
figured to build the configuration file containing the plu-
rality of user configurable parameters and store the con-
figuration file containing the plurality of user configurable
parameters in a database. The trigger logic may com-
prise one or more mathematical functions including one
or more of arithmetic, statistical, logical, relational, as-
signment, changed state, signal time, or frequency trans-
formation functions. The trigger logic may be configured
to be executed at one or more of the following avionics
intervals 20 Hertz (Hz), 10Hz, 5Hz, or 1Hz. The format
of the configuration file may comprise Structured Query
Language (SQL), Extensible Markup Language (XML),
JavaScript Object Notation (JSON), or binary format. The
user configurable parameters may further comprise an
identity of a transmission system onboard the aircraft that
is configured to transmit the search and rescue signal to
aground center, and automatically sending the data mes-
sage may comprise automatically transmitting the search
and rescue signal to the ground center using the trans-
mission system specified in the user configurable param-
eters. The transmission system may comprise an on-
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board emergency locator transmitter - Distress Tracker
(ELT-DT) or a communication management unit (CMU).
[0066] Those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. Some of the embodiments and implementations
are described above in terms of functional and/or logical
block components (or modules) and various processing
steps. However, it should be appreciated that such block
components (or modules) may be realized by any
number of hardware, software, and/or firmware compo-
nents configured to perform the specified functions. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present invention. For
example, an embodiment of a system or a component
may employ various integrated circuit components, e.g.,
memory elements, digital signal processing elements,
logic elements, look-up tables, or the like, which may
carry out a variety of functions under the control of one
or more microprocessors or other control devices. In ad-
dition, those skilled in the art will appreciate that embod-
iments described herein are merely exemplary imple-
mentations.

[0067] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, butin the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0068] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in software exe-
cuted by a processor, or in a combination of the two. A
software may reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or
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any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor
such that the processor can read information from, and
write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
[0069] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless itis specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0070] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,
or in any other manner, through one or more additional
elements.

[0071] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vastnumber
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. An autonomous distress tracking (ADT) triggering
function implemented in a terrain awareness and
warning system (TAWS) on an aircraft, the ADT trig-

gering function comprising a controller configured to:

receive a configuration file containing a plurality
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of user configurable parameters from a ground-
based system that:

identify aircraft sensor and/or system data
from which a plurality of distress conditions
for which to monitor can be determined,
provide trigger logic for each distress con-
dition, the trigger logic for each distress con-
dition identifying logic to apply to the aircraft
sensor and/or system data and one or more
trigger conditions for identifying the occur-
rence of the distress condition, and
identify aircraft position data from which an
aircraft position can be derived during the
occurrence of a distress condition;

configure an aircraft condition and monitoring
function (ACMF) engine using the plurality of us-
er configurable parameters from the ground-
based system to apply the trigger logic to the
identified aircraft sensor and/or system dataand
monitor for the plurality of distress conditions
specified by the plurality of user configurable pa-
rameters;

execute the configured ACMF engine to detect
the occurrence of a distress condition specified
in the plurality of user configurable parameters;
automatically generate a data message when a
distress condition occurrence has been detect-
ed, the data message including the aircraft sen-
sor and/or system data on which the detection
of the one or more trigger conditions was based
and the identity of the detected distress condi-
tion; and

automatically send the data message to a trans-
mission system onboard the aircraft that is con-
figured to transmit a search and rescue signal;
wherein ADT functionality that is user configura-
ble is provided on the aircraft.

2. The ADT triggering function of claim 1, wherein to
execute the controller is further configured to:

apply the trigger logic specified in the user con-
figurable parameters to the aircraft sensor
and/or system data specified in the user config-
urable parameters; and

detect the occurrence of a distress condition
identified in the plurality of user configurable pa-
rameters when the occurrence of one or more
of the trigger conditions specified in the user
configurable parameters is detected.

3. The ADT triggering function of claim 1, wherein the
ground-based system comprises a software tool
configured to build the configuration file containing
the plurality of user configurable parameters and
store the configuration file containing the plurality of
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user configurable parameters in a database.

The ADT triggering function of claim 1, wherein the
trigger logic comprises one or more mathematical
functions including one or more of arithmetic, statis-
tical, logical, relational, assignment, changed state,
signal time, or frequency transformation functions.

The ADT triggering function of claim 1, wherein the
trigger logic is configured to be executed at one or
more of the following avionics intervals 20 Hertz (Hz),
10Hz, 5Hz, or 1Hz.

The ADT triggering function of claim 1, wherein the
format of the configuration file comprises Structured
Query Language (SQL), Extensible Markup Lan-
guage (XML), JavaScript Object Notation (JSON),
or binary format.

The ADT triggering function of claim 1, wherein:

the user configurable parameters further com-
prise an identity of a transmission system on-
board the aircraft configured to transmit the
search andrescue signaltoaground center, and
the ACMF engine is configured to automatically
transmit the data message to the ground center
using the transmission system specified in the
user configurable parameters.

A computer-implemented method in a modular avi-
onics unit (MAU) processor module on an aircraft for
implementing an autonomous distress tracking
(ADT) triggering function, the method comprising:

receiving a configuration file containing a plural-
ity of user configurable parameters from a
ground-based system that:

identify aircraft sensor and/or system data
from which a plurality of distress conditions
for which to monitor can be determined,
provide trigger logic for each distress con-
dition, the trigger logic for each distress con-
dition identifying logic to apply to the aircraft
sensor and/or system data and one or more
trigger conditions for identifying the occur-
rence of the distress condition, and
identify aircraft position data from which an
aircraft position can be derived during the
occurrence of a distress condition;

configuring an aircraft condition and monitoring
function (ACMF) engine using the plurality of us-
er configurable parameters from the ground-
based system to apply the trigger logic to the
identified aircraft sensor and/or system data and
monitoring for the plurality of distress conditions
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specified by the plurality of user configurable pa-
rameters;

executing the configured ACMF engine to detect
the occurrence of a distress condition specified
in the plurality of user configurable parameters;
automatically generating a data message when
a distress condition occurrence has been de-
tected, the data message including the aircraft
sensor and/or system data on which the detec-
tion of the one or more trigger conditions was
based and the identity of the detected distress
condition; and

automatically sending the data message to a
transmission system onboard the aircraft that is
configured to transmit a search and rescue sig-
nal;

wherein ADT functionality that is user configura-
ble is provided on the aircraft.

9. The method of claim 8, wherein executing the con-

figured ACMF engine comprises:

applying the trigger logic specified in the user
configurable parameters to the aircraft sensor
and/or system data specified in the user config-
urable parameters; and

detecting the occurrence of a distress condition
identified in the plurality of user configurable pa-
rameters when the occurrence of one or more
of the trigger conditions specified in the user
configurable parameters is detected.

10. The method of claim 8, wherein:

the user configurable parameters further com-
prise an identity of a transmission system on-
board the aircraft that is configured to transmit
the search and rescue signal to a ground center,
and

automatically sending the data message com-
prises automatically transmitting the search and
rescue signal to the ground center using the
transmission system specified in the user con-
figurable parameters.
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/ 300

Receive a configuration file containing a plurality of user
configurable parameters from a ground-based system

i

304

Configure an ACMF engine using the plurality of user
configurable parameters to apply the trigger logic to the
identified aircraft sensor and/or system data and monitoring for
the plurality of distress conditions specified by the plurality of
user configurable parameters

l

306

Execute the configured ACMF engine to detect the occurrence
of a distress condition specified in the plurality of user
configurable parameters

'

308

Automatically generate a data message when a distress
condition occurrence has been detected

'

310

Automatically send the data message to a transmission system
onboard the aircraft that is configured to transmit a search and
rescue signal

FIG. 3
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