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(57) Abstract: The present disclosure relates to health monitoring and maintenance of mobile platforms such as aircraft. In particu-
lar, onboard apparatus and methods and also ground-based apparatus and methods that cooperate in assisting with the maintenance
of mobile platforms by facilitating diagnosis of events detected onboard mobile platforms while such mobile platforms are in opera-
tion (e.g., transit, flight) are disclosed. In various aspects, the present disclosure discloses apparatus and methods for handling and
reporting the detection of events onboard mobile platforms, reporting predefined additional information associated with the event
upon request from a ground facility, identifying one or more potential causes for the detected event and determining the occurrence
probability for each potential cause identified.



METHODS AND APPARATUS FOR ASSISTING IN THE MAINTENANCE OF
AIRCRAFT AND OTHER MOBILE PLATFORMS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This International PCT Patent Application relies for priority on U.S.
Provisional Patent Application Serial No. 62/017,488, filed on June 26, 2014.

TECHNICAL FIELD

[0002] The disclosure relates generally to maintenance of mobile platforms,
and more particularly to the methods and apparatus to assist with the health
monitoring and maintenance of aircraft and other mobile platforms.

BACKGROUND OF THE ART

[0003] Some aircraft have onboard monitoring systems that can monitor the
health of some systems of such aircraft and that are able to detect conditions that
are indicative of non-normal operation (i.e., faults) associated with such systems
based on sensed parameters. When a fault is detected by the monitoring system, a
concise message may be transmitted from the aircraft to inform an operator or
maintenance provider for the aircraft that the fault has been detected. Based on
such message, maintenance personnel may be alerted of the detected condition and
prepare to troubleshoot the problem once the aircraft has landed and, if necessary,
make necessary repairs. Depending on the particular fault detected, troubleshooting
the problem can be Ilabour-intensive, time-consuming and hence costly.
Furthermore, the airplane must typically remain out of service at the maintenance
facility to be available to maintenance personnel while such troubleshooting and

repair is performed.

[0004] Improvement is therefore desirable.
SUMMARY
[0005] In one aspect, the disclosure describes a computer-implemented

method for assisting with maintenance of an aircraft. The method comprises:

detecting an event on the aircraft;

generating additional information associated with the event and storing the
additional information in computer-readable medium onboard the aircraft;

transmitting, from the aircraft, an advisory message relating to the event;
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receiving, at the airgraft, a query message via a firsi communication profocol,
the query message requesting the additional information associated with the event;
and

fransmitting, from the aircraft, a response message via a second
communication protocol different from the first communication protocol, the

response message comprising the additional information associated with the event.

[0006] In some embodiments, the first communication protocol comprises

Aircratt Communications Addressing and Reporting Systems (ACARS).

{00077 in some embodiments, the second communication protocol

comprises an internet protocol.

[0008] In some embodiments, the response message is transmifted via
satellite communications (SATCOM). in some embodiments, the advisory message

is transmitted via the first communication protocol.

[0009] in some embodiments, the advisory message comprises identification

of the event and a link io the additional information.

[0010] In some embodimenis, the response message is be larger in size

than the advisory message.

[0011] in some embodiments, the additional information is automatically
generated upon detection of the event. The contenis of the additional information
may be predefined based on the event. The additional information may comprise a
value of a sensed parameter relating to a system of the aircraft associated with the

avent.
(00121 in some embodiments, the additional information comprises:

a first value of a sensed parameter relating to a sysiem of the aircrafi
associated with the event before the detection of the event; and

a second value of the sensed parameter relating o the system of the aircraft
after the detection of the event.
[0 3] In some embodimenis, the additional information comprises

environmential data associated with the aircraft.

(0014} in some embodiments, the event comprises a fault condition.
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[0015] in some embodimenis, transmitting the response message occurs

while the aircraft is in flight.

[0016] In another aspect, ihe disclosure describes an apparatus for
installation onboard an aircraft and for assisting with maintenance of the aircraft.

The apparatus comprises:

a communication terminal for receiving messages and for iransmitting
messages from the aireraft, the communication terminal being configured for
communication using a first communication protocol and a second
communication protocol different from the first communication protocol; and
a monitoring unit coupled to the communication terminal and also coupled to
a monitored system of the aircraft, the moniloring unit comprising a data
processor and a non-transitory  compuier-readable medium  containing
instructions readable and executable by the data processor to perform a
method compyrising:
detecting an event assaciated with the monitored system;
generating additional information associated with the event and
storing the additional information;
commanding ransmission, from the aircraft, of an advisory message
relating to the event on the aircraft;
after receipt, via the first communication protocol, of a guery message
reguesting the additional information associated with the event,
commanding transmission, via the second communication protocol, of
a response message comprising the additional information

associated with the svent.

(0017} In some embodiments, the first communication protocol comprises
ACARS.
[0018] In some embodiments, the second communication protoco!

comprises an internet profocol.

[0019] in some embodiments, the commanded transmission of the advisory

message is via the first communication protocol.

(00201 In some embodiments, the advisory message comprises identification

of the event and a link {o the additional nformation.

-3
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(0021} in some embodiments, the response message is larger in size than

the advisory message.

10022} in some embodiments, the instructions are configured to cause the
monitoring unit 1o, upon detection of the event, automatically generate the additional
information. The conients of the additional information may be predefined based on
the event. The additional information may comprise a value of a sensed parameter

refating to the monitored sysiem.
[0023] in some embodiments, the additional information comprises:

a first value of a sensed parametsr relating 1o the monitored system before
the detection of the svent; and

a second value of the sensed parameter relating to the monitored system
after the detection of the event.
[0024] in some embodiments, the additional information comprises

environmenial data associated with the aircraft.
(0025} in some embodiments, the event comprises a fault condition.

[0026] in another aspect, the disclosure describes an aircraft comprising the

apparatus defined above.

[0027] In another aspect, the disclosure describes a method for assisting

with the maintenance of a2 mobile platform. The method comprises:

receiving, at a ground facility, an advisory message from a mobile platform,
the advisory message comprising identification of an event detected onboard the
mobile platform;

ransmitting, from the ground facility, a query message to the mobile piatform
via a first communication profocol, the query message requesting predefined
additional information associated with the event and stored on the mobile platform;
and

receiving, at the ground facility, a response message from the mobile
platform via a second communication protoco! different from the first communication
protocol, the response message comprising the additional information associated

with the event.
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[0028] in some embodiments, the first communication protoco! comprises
ACARS.

10029} in some embodimenis, the second comnunication protocol

comprises an Internet protocol.

10030} In soms embodimants, the response message is be received via
SATCOM.
[0031] in some embodiments, in addition to the identification of the svent,

the advisory message comprises a link {o the additional information. The query

message may comprise the link.

[0032] in some embodiments, the response message is larger in size than

the advisory message.

{00331 in some ambodiments, the additional information comprises a value
of a sensed parameater relating 10 a system of the mobile platform associated with
the event.
(0034} in some embodiments, the additional information comprises:

a first value of a sensed parameter relating o a system of the mobile
platiorm associated with the event before the detection of the event; and

a second valus of the sensed parametsr relating (o the system of the mobile

platform after the detection of the event.

[0035] In some embodiments, the additional information comprises

environmental data associated with the mobile platform.
[0036] in some embodiments, the event comprises a fauli condition.

10037} In some embodiments, receiving the response message occurs while

the mobile platform is in transit.

[0038] In some embodiments, the advisory message is received via the first

communication protocol.
[0039] In another aspect, the disclosure describes a ground-based
apparatus for assisting with mainienance of a mobile platform. The apparatus

COmprises:
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a communicaiion terminal for communicating with the mobile platform using
a first communication protocol and a second communication protocol different from
the first communication proiocol;
a data processor coupled to the communication terminal; and
a non-transitory computer-readable medium containing instructions readable
and execuiable by the data processor (o perform a method comprising:
after receipt, via the first communication protocol, of an advisory
message comprising identification of an event detected onboard the mobile
platform, commanding fransmission of a query message to the mobile
platform requesting predefined additional information associated with the
event and stored on the mobile platform; and
after receipt, via the second communication protocel, of a response
message comprising the additional information associated with the event
from the mobile platform, storing the additional information in the same or

other non-transitory computer-readable medium.

(00401 In some embodiments, the first communication profocol comprises
ACARS.
(00411 in some embodiments, the second communication protocol

comprises an internet protocol,

{0042} In some embodiments, in addition to the identification of the svent,
the advisory message comprisaes a link (o the additional information. The query

message may comprise the link.

[0043] In some embodiments, the response messags is larger in size than

the advisory messags.

[0044] in sgme embodiments, the commanding of the transmission of the

query message is done upon receipt of user input.

[0045] in some embodiments, the additional information comprises a valueg
of a sensed paramester relating {0 a system of the mobile platform associated with

the event.
[0046] in some embodiments, the additional information comprises:

a first value of a sensed parameter relating to a system of the mobile

platform asscciated with the event before the detection of the event; and

-6 -
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a second value of the sensed parameter relating o the system of the mobile
platiorm after the detection of the event.
[0047] In some embodiments, the additional information comprises

environmental data associated with the mobiie platform,
[0048] In some embodiments, the event comprises a fault condition.

[0049] In some embodiments, the advisory message is received via the first

communication protocol.

(00507 in some embodiments, the instructions are configured to cause a
graphic user interface to be displayed on a display device, the graphic user interface
identifying the event based on the advisory message received and facilitating

generation of the guery massage via user input.

[0051] in ancther aspect, the disclosure describes a ground-based
apparatus for assisting with maintenance of a mobile platform. The apparatus

comprises:

a communication terminal for communicating with the mobile platform;

a display device;

a data processor coupled to the communication terminal and to the dispiay

device; and

a non-transitory computer-readable medium containing instructions readable

and executable by the data processor to perform a method comprising:
based on an advisory messags received and comprising information
identifying an event detecied onboard the mobile platform, generating
a graphic user interface (GUI) on the display device, the GUI
identifying the event and facilitating generation of a request, via user
input, for predefined additional information about the event storad on

the mobile platform.

00521 In some embodiments, the request for additional information is based

on a link provided in the advisory message.

[0053] in some embodiments, the rsquest for additional information
comprises a query message for fransmission o the mobile platform, the query

message comprising a link provided in the advisory message.

-7 -
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[0054] in some embodiments, the link includes an identifier associated with

the additional information stored on the mobile platform.

[0055] I another aspect, the disclosure describes a computer-implemented
method for handling the detection of an event onboard an aircraft. The method

comprises:

detecting the event;

generating predefined additional information related to the event and storing
the additional information in a computer-readable medium; and

transmitting an advisory message from the aircraft, the advisory message

comprising identification of the event and a link o the additional information.

[D056] In some embodiments, the advisory message is transmitted via
ACARS.
100577 in some embodiments, the link comprises an identifier associated

with the additional information.

(0058} in some embodiments, the additional information comprises a valug

of a sensed parameter refaling (o a system of the aircraft associated with the event.

[D059] In some embodiments, the method further comprises, upon receipt of
a guery message referencing the link, commanding transmission of a response

message comprising the additional information associated with the event.

[0080] in another aspect, the disclosure describes an apparatus for
instailation onboard an aircraft and handling the detection of an event onboard an

aircraft. The apparatus comprises:

a communication terminal for transmitting messages from the aircraft; and
a monitoring unit coupled 1o the communication terminal and also coupled o
a monitored system of the aircraft, the monitoring unit comprising a data
processor and a non-transifory computer-readable medium  containing
instructions readable and executable by the data processor 1o perform a
method comprising:
detecting an event associated with the monitored sysiem;
generating predefined additional information related to the event; and
commanding the transmission of an advisory message from the
aircraft via the communication terminal, the advisory message

-8 -
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comprising information identifving the event and a link io the

additional information.

[o061] in some embodiments, the link comprises an identifier associated

with the additional information.

[0062] In some embodiments, the additional information comprises a value

of a sensed parameter relating 1o a system of the aircraft associated with the event.

[0063] in some embodiments, the instructions are configured o cause the
monitoring  unit to, upon receipt of a query message referencing the link
commanding transmission of a response message comprising the additional

information.

(0064} In another aspect, the disciosure describes a computar-implemented
method for handiing the detsction of an event onboard an aircraft. The method

comprises:

detacting the event;

generating predefined additional information based on the event and sioring
the additional information in computer-readable medium; and

upon receiving a request for the additional information from a ground facility,
automatically transmitting the additional information from the aircraft to the ground

facility.

[0065] in some embodiments, the method comprises transmitiing an
advisory message to the ground faciiity after detection of the event, the advisory
message comprising identification of the event and a link to the additional

information.
[0066] In some embodiments, the request comprises a reference to the link.

(0067} In some embodiments, the request is received via ACARS and the

transmission of the additional information is transmitted via an Internet protocol.

[0068] In some embodiments, the auvtomalic transmission of the additional

information is dong without user input.
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[0069] in ancther aspect, the disclosure describes an apparatus for
installation onboard an aircraft and for handling the detection of an event onboard an

aircraft. The apparatus comprises:

a communication terminal for transmitting messages from the aircraft; and
a monitoring unit coupled to the communication terminal and also coupled fo
a monitored system of the aircraft, the monitoring unit comprising a data
processer and a non-transitory computer-readable medium  containing
instructions readable and executable by the data processor 10 perform a
method comprising:
detecting an event associated with the monitored system;
generating predefined additional information based on the event; and
upon receiving a request for the additional information from a ground
facility, automatically commanding the transmission of the additional

information to the ground facility via the communication terminal.

[0070) In soime embodiments, the instructions are configured to cause the
monitoring unit to com mand the transmission of an advisory message {o the ground
facility after detection of the event, the advisory message comprising identification of

the event and a link {o the additional information.
[0071] In some embodiments, the request comprises a reference to the link.

(0072} in some embodimants, the request is received via ACARS and the

additional information is commanded for transmission via an Internat profocol.

[0073] In anothar aspect, the disclosure describes a computer-implemented
method for handling the detection of an event onboard an aircraft.  The method

COMPrises:

detecting the event;

generating data identifying the event for inclusion into an advisory message
for transmission from the aircraft; and

generating predefined additional information based on the event for inclusion
into a response message for transmission from the aircraft upon request from a

ground facility.

-10 -
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0074} in some embodiments, the method comprises generating a link to the

additional information for inclusion into the advisory message.

[0075] In some embodiments, the additional information comprises a value

of a sensed parameter relating to a sysiem associatad with the event.

[0076] In some embodiments, the method comprises automatically

transmitting the response message upon receipt of the request.

10077} In ancther aspect, the disclosure describes an apparatus for
installation onboard an alrcraft and for handling the detection of an event onboard an

aircraft. The apparatus comprises:

a communication terminal for transmitting messages from the aircraft; and
a monitoring unit coupled to the communication ferminal and also coupled to
a monitored system of the aircrafl, the monitoring unit comprising a data
processor and a non-transitory computer-readable medium  containing
instructions readable and executable by the data processor o perform a
method comprising:
detecting an event;
generating data identifying the event for inclusion into an advisory
message for fransmission from the aircraft; and
generating predefined additional information based on the event for
inclusion into a response message for fransmission from the aircraft

upon request from a ground facility.

[0078] in some embodimants, the instructions are configured to cause the
monitoring unit to generate a link to the additional information for inclusion into the

advisory message.

[0079] In some embodiments, the additional information comprises a value

of a sensed parameter relating to a system associated with the event.

[0080] In some embodiments, the instructions are configured to cause the
monitoring unit to automatically command transmission of the response message

upon receipt of the reguest.

(6081} In another aspect, the disclosure describes a compuier program
product comprising a non-transitory compuler readable storage medium having
program code embodied therewith, the program code readable/executable by a

11 -
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compuier, processor or logic circuit to perform any one of the methods disclosed

herein.

[0082] Further details of these and other aspects of the subject matter of this
application wili be apparent from the detailed description and drawings included
below.

DESCRIPTION OF THE DRAWINGS
(00831 Reference is now made 1o the accompanying drawings, in which:

(00841 FIG. 1 is a top plan view of an exemplary aireraft comprising an

exemplary onboard apparatus for assisting with maintenance of the aircraft;

[0085] FIG. 2 shows a schematic representation of the aircraft of FIG. 1 and

a schemalic representation of an exemplary ground facility;

[0086] FIG. 3 is a fiowchart of an exemplary method for assisting with

mainienance of the aircraft of FIG. 1;

10087} FIGS. 4A and 4B show schematic representations of an exemplary

embodiment of the method of FIG. 3;

16088} FiG. 5 is a flowchart of another exemplary method for assisting with
maintenance of the awcraft of FIG. 1;

{40891 FIG. 6 is a flowchart of an exemplary method for handling the

detection of an event onboard the aircraft of FIG. 1:

(003801 FIG. 7 is a flowchart of another exempiary method for handling the

detection of an gvent onboard the aircraft of FIG. 1;

(0081} FIG. 8 is a flowchart of another exemplary method for handiing the
detection of an event onboard the aircraft of FIG. 1;

(0082} FIGS. 8A-9C show an exemplary embodiment of a ground-based

apparatus of the ground facility of FIG. 2;

(6083} FIG. 10 is a flow chart of an exemplary method for determining the

probability of a cause of an gvent detected onboard a mobile platform;

(6084} FIG. 11 is a table Hlustrating exemplary additional information
generated and stored on the aircralt of FIG. 1,

(0085} FIG. 12 is a table illustrating exemplary historical data;

RET-
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[0096] FIG. 13 is a table illustrating exemplary fleet data; and
(0087 FIG. 14 shows an exemplary faull ree.

DETAILED DESCRIPTION

[3088] Aspecis of various embodiments are described through reference 1o

the drawings.

[0089] The present disciosure relates to health monitoring and maintenance
of mobile platforms. In various aspects, the present disclosure relates o assisting
with the maintenance of mobile platforms, handiing the detection of events onboard
mobile platforms, identifying one or more polential causes for detecied events and
determining the occurrence probability for sach potential cause. Accordingly, the
prasent disciosure discloses onboard apparatus and methods and also ground-
based apparatus and methods that may cooperate in assisting with the maintenance
of mobile platiorms by facilifating diagnosis of events detected onboard mobile
platforms while such mobile platforms are in operation {e.q., transii, flighf) and
thereby permit the planning of required maintenance (e.g., obtaining replacement
parts, alerting maintenance personnel) even before the mobile platiorm has landed
or has otherwise returned o a maintenance facility. In somg embodiments, aspects
of the present disclosure may contribute toward reduced maintenance time and
costs and also reduce the time that a mobile platform may be required to be out of
setvice in order 1o have troubleshooting or maintenance performed thereon. Even
though the present disclosure mainly makes reference to aircraft, many aspects of
the present disclosure could equally apply to other types of mobile platforms such as
trains, busses, watercraft (e.g., ships), spacecraft, trucks, automobiles and other

types of vehicles.

(001007 FIG. 1 is a top plan view of an sxemplary airoraft 10 with which
various aspects of the present disclosure may be used. Aircraft 10 may include, for
example, any suitable aircraft such as corporate, private, commercial or any other
type of aircrafl including fixed-wing and rolary-wing aircraft. Aircraft 10 may, for
example, be a narrow-body, twin engine jet airliner. FIG. 1 also shows onhoard
apparatus 12 for assisting with maintenance of aircraft 10. Onboard apparatus 12
may also be used to detect events onboard aircraft 10. Onboard apparatus 12 may
be coupled 1o one or more sensors 14 associated with {e.g.. may be part of} one or
more systems 16 (shown schematically in FIG. 2) of aircraft 10. Onboard apparatus
12 and sensors 14 are shown schematically in FIG. 1 and are shown as being
-13 -
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superimposed over aircraft 10 for illustration purpose only. Gnbeard apparatus 12
may be coupled o sensors 14 via wired or wireless connections. The one or more
systems 16 coupled to onboard apparatus 12 may be located in different areas of
aircraft 10. Systemns 16 may include any monitored system 16 of aircraft 10 and
aspects of the present disclosure are not infended to be limited o the specific
systems 16 disciosed herein. By way of non-limiting examples, such systems 16
may include fuel tanks and fuel delivery systems, landing gear, avionics equipment,
flight control computers, engines, power generators, flight control surfaces,
actuators, hydraulic pumps, water lanks, in-flight entertainment systems,

pressurization systams, doors, lavatories, and various line replaceable units (LRUs).

fo0101] Onboard apparatus 12 may be configured to detect cne or more
evenis associated with one or more of systems 18. The detection of such evenis
may be based on logic rules {g.g., thresholds} siored in memory 26 for sensed
parameters associated with the one or more systems 16. Accordingly, onboard
apparatus 12 may be configured 1o monitor one or more sysiems 16 of aircraft 10
and detect such events. An event may, for example, include an indication of
degraded periormance, a non-normal operating condition, a fault (i.e. failure)
condition, a precursor 10 a faull condition or any other condition that may require

attention, further investigation, maintenance or other action.

1001021 FIG. 2 shows a schematic representation of aircraft 10 and also a
schematic representation of ground facility 18. Onboard apparatus 12 of aircraft 10
may comgprise ong or more health monitoring units 20 (referred hereinafter as "HMU

20" and one or more communication terminals 22 {referred hereinafier as “terminal

227 for receiving messages (i.e., signals) and for transmitling messages (i.e.,
signals} from aircraft 10. HMU 20 may be coupled o terminal 22 and also coupled
to one or more monitored systems 16 of aircraft 10. HMU 20 may comprise one or
more data processors 24 (referred hereinafter as “processor 247 and compuier-
readable memory{ies)y/medium{ia) {referred hereinafter as "memory 28" containing
instructions readable and executable by processor 24. HMU 20 may handle the

monitoring, recording and offlcading of data related to aircraft 10.

[00103] Ground facility 18 may comprise a single facility or a combination of
two or more facilities. For example, ground facility 18 may include the facility of one
or more of: a manufacturer of aireraft 10, a manufacturer of one or more systems 16

{e.g., engine} of aircraft 10, an operator of aircraft 10, & maintenance provider for
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any part of aircraft 10, a daia service provider and/or any other authorised party
involved in the health monitoring, operation and/or maintenance of aircraft 10
Ground facility 18 may comprise a combination of two or more facilities that may be
located remotely from each cother and betwsen which data transfer may be
conducted via known or other means. Ground facility 18 may comprise ground-
based apparatus 28 which may alse assist with maintenance of airgraft 18, Ground-
based apparatus 28 may comprise one or more computers 30 {referred hersinafter
as “computer 307), which may be coupled to one or more communication terminals
32 {referred hereinafter as “terminal 327). Terminal 32 may be configured o recaive

messages {i.e,, signals) and for transmitting messages ({i.e., signals) to aircraft 10

f00104] Ground-based apparatus 28 may comprise one or more data
processors 34 (referred hereinafter as “processor 347 and one or more compuier-
readable memory{ies)/medium{ia)l 36 (referred hereinafler as “memory 3867
cortaining instructions readable and executable by processor 34. Ground-based
apparatus 28 may also comprise one or more digsplay devices 38 (referred
hereinafter as “display 387} coupled 1o computer 30 o permit communication of
information fo a user of ground-based apparatus 28 via suitable graphic user
interface (GUD) sxplained further below. While display 38 may be used to visually
communicate information to a user, other forms of output signal(s) {(e.q., auditory)
may be used instead of or in addition to display 38. Display 38 may, for example,
include one or more cathode-ray tubes (CRTs). liguid crystal displays (LCDs),
plasma displays, light-emitting diode {LED) based displays or any known or other
suitable type of display device. Digplay 38 may be part of a portable electronic
device such as a smart phone, tablet computer and/or laptop computer which may
be in communication with computer 30 {e.g., via an infernet/web-based application)

or may comprise computer 30.

[00105] Display 38 may also provide means for ground-based apparatus 28
to receive input from g user. For example, display 38 may provide a touch-sensitive
surface and a corresponding GUI that permits user input. Cther user input means

such as a keyboard, mouse or voice-based input means may be provided.

[00106] Processors 24 and 34 may, for example, comprise or be part of ong
or more digital computer{s} or other data processors or other suitably programmed

or programmable logic circuits. Processors 24 and 34 may comprise general
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purpose computer(s), special purpose computer(s), or other programmable data
processing apparatus. Processor 24 may be configured for use onboard aircraft 10.

[00107] Memorigs 26 and 36 may comprise any combination of one or more
suitable computer readable medium(ia). The computer readable medium may be a
non-transitory computer readable storage medium. Such non-fransitory computer
readable storage medium may comprisg, for sxample, but not limiled fo, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the foregoing. More specific
examples (a non-exhaustive list) of the computer readable storage medium would
include the following: an electncal connection having one or more wires, g portable
computer disketie, a hard disk, a random access memory (RAM), a read-only
meamory (ROM), an erasable programmable read-only mernory (EPROM or Fiash
memory), an optical fiber, a portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnelic storage device, or any suitable combination of the
foregoing. In the context of this disciosure, a computer-readable storage medium
may be any tangible medium that can contain, or store instructions for use by or in
connection with an instruction execution system, apparaius, or device such as

processors 24 and 34,

[00108] Various aspects of the present disclosure may be embodied as
systems, methods and/or computer program products. Accordingly, aspects of the
present disclosure may iake the form of an entirely hardwars embodiment, an
entirely software embodiment {including firmware, resident soffware, micro-code,
etc.) or an embodiment combining software and hardware aspects. Furthermore,
aspects of the present disclosure may fake the form of a computer program product
embgdied in one or more non-transitory computer readable medium(ia) {e.g.,
memories 26 and/or 38) having computer readable program code {e.q., instructions)
embodied thereon. The computer program product may, for example, be executable
by data processors 24 and/or 34 or other suitable logic circuit to cause the execution
of one or mora of the methods disclosed in the present disclosure in entirety or in

pari.

[00108] Computer program code for carrying out operations for aspects of the
prasent disclosure in accordance with instructions stored in memories 26 and or 36
may be written in any combination of one or more programming languages,

including an object-oriented programming languags such as Java, Smalitalk, C++ or
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the like and conventional procedural programming languages, such as the “C”

programming language or other programming languages.

[00110] Terminals 22 and 32 may be configured to permit communication
between ailrcraft 10 and ground-facility 18 via known or cother commnunication
methods and protocols.  Accordingly, additional intermediate components (not
shown) may be required 1o establish communication between terminals 22 and 32.
in various embodiments, terminals 22 and 32 may be configured for communication
using two or morg ssleclable communication protocols 50 that  different
communication proiocols may be used for different types of communications. For
example, terminals 22 and 32 may be configured for communication via Aircraft
Communications Addressing and Reporting (ACARS) communication protocol.
ACARS communication may be conducted via satsllite communication (SATCOM)
or very high frequency {(VHF) radio. Terminals 22 and 32 may also be configured for
communication via a communication protocol from the Internet suite of protocols
commonly known as TCP/P (referred hereinafter as “Internet protocol”). An Intermet
protocol provides end-to-end connectivity specifyving how data should be formatted,
addressed, transmilted, routed and received at the destination. Communication
between terminals 22 and 32 using an Internetl protoecol may be achieved via

SATCOM, cellular communication or Wik, for example.

00111} Various tasks and methods performed by onboard apparatus 12 and
ground-based apparatus 28 are described below. MHowever, some tasks and
methods said to be performed by ground-based apparatus 28 could be performed by

onboard apparatus 12,

[60112] FIG. 3 is a flowchart of an exemplary method 300 for assisting with
maintenance of aircraft 16. FIG. 4A and FiG. 4B together show schematic
representations of an exemplary embodiment of method 300, Method 300 or part(s)
theraof may be computer-implemented and may be performed using onboard
apparatus 12 based on instructions stored in memory 26. In various embodiments,
method 300 may comprise deiecting an event (see block 302) on aircraft 10;
generating additional information associated with the event (see biock 304) and
storing the addiional information in memory 26 onboard aircraft 10; transmitting,
from aircraft 10, advisory message 40 {see FiG. 44) relating to the event {see block
308); receiving, at aircraft 10, guery message 42 (see FiG. 4B) via a first
communication pretocol {see block 308) where the gquery message 42 reguesis the
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additional information associated with the event; and iransmitting, from aircraft 10,
response message 44 via a second communication protocol different from the first
communication protocol (see block 310) where the response message 44 comprises
the additional information associated with the event. Method 300 or parts thereo!
may be performed while aircraft 10 is in operation {g.g., in flight). Spescifically, any
ong of the transmission of advisory message 40, the receipt of query message 44
and the ransmission of response message 44 may be performed while aircraft 10 s

in flight.

(001131 In some embodiments, the first communication protocol via which
query message 42 may be received may be ACARS. Advisory message 40 may
also be transmitted via ACARS. Communication via the first communication
protocol and via the second communication protoco! may be faciiitated by the same
or different communication service providers. The second communication protocol
via which response message 44 may be transmitted may be an Internet profocol. In
some embodiments, communication via the second communication protocol may be
conducted via SATCOM.

[00114] in soms embodiments, advisory message 40 may comprise
identification of the event and also a link to the additional information. For exampls,
an exemplary advisory message 40 transmitted via ACARS may be in the form
shown below. The field “FDE” may coniain a text skring that identifies the event.
The field “Parameter Report 1D” may contain a text string {i.e., link) that references

the addifional information generated by HMU 20.
-- BEGINNING OF SAMPLE ADVISORY MESSAGE 40 -
FDE : HYD PUMP 3B FAIL {Advisory)
Time: 20Jun2014_17:03:12
FLIGHT _LEG: 08
FLIGHT _PHASE: Climb
Aircraft 1D: XXXXX
Fault Message : ACMP 3B PRESS SWITCH FAIL (2531006PHED)
Fauit-Triggered parameter: YYYY

ATA 29
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Time: 20Jun2014_17:03:12
Parametsr Report 1D: A/C ID_HYD PUMP 3B FAIL_ 20Jun2014_17:03:12
- END OF SAMPLE ADVISORY MESSAGE 40 --

[00115] The link embedded in advisory message 40 may comprise an
identifier that is associated with the additional information stored in memory 26 and
can be used as a reference to the additional information. For example, the link
received in advisory message 40 may be included (i.e., re-fransmitied back io
aircraft 10) in query message 42 s¢ as o identify the additional information that is
requested by ground facility 18. Then, the link received in query message 42 at
onboard apparatus 12 may be used fo retrieve the additional information and
prepare and transmit response message 44. For example, the link may be used t

generaie query message 42 for the additional information that was captured when
advisory message 40 was generaied by aireraft 10, An exemplary qusary message
42 transmitted via ACARS may be in the form shown below. The field "Report ID”
may contain the same fext that references the additional information generataed by
HMU 20 that was included in advisory message 40. Query message 42 may include
details of a data file that was captured and may include a parameter name, a

duration and a rate of the recording.
- BEGINNING OF SAMPLE QUERY MESSAGE 42 -

Request Report

Report 1D: A/C 1D HYD PUMP 3B FAIL 20Jun2014 17:03:12
- END OF SAMPLE QUERY MESSAGE 42 -
[G01161 Since response message 44 may be larger in size than advisory
message 40, it may be more appropriate o transmit such response message 44
using the internst profocol instead of ACARS for economical or other reasons. In
some situations, the selection of the appropriale communication protocol for the
transmission of a message may be made based on the size or nature of the
message, priority level, reliability, transmission speed, cosis, securily, availability
and/or other factors. For example, in some situations it may not be practical to send

large data streams via ACARS because this may be relatively expensive and slow.

[00117] The contents of additional information generated onboard aircraft 10

may be predefined based on the detecled event. For example, when an event is

-19 -



CA 02951985 2016-12-12

WO 2015/198213 PCT/IB2015/054690

detecied by HMU 20, instructions stored in memory 26 may be configured to cause
HML 20 fo collect and store values of certain sensed and/or derived parameters for
certain paricds of time. For example, the additional information may comprise ong
or more values of one or more sensad parameters relating o ons or more systems
18 associated with the event before, during and/or afier detection of the event. In
some gmbodiments, the additional informalion may comprise one or more values of
one or more derived parameters relating io one or more systems 16 associated with
the event before, during and/or afier detection of the event. The sensed parameters
may be associated with the specific system 18 that caused the event or may be
associated with one or more other systems that may interact with the specific
system and therefore may have had a rols to play in the occurrence of the event.
The specific parameters sensed and the asscciated times for the sensed values
reigtive {o the time aib which the event was detecied may be predefined and
associated with the event via instructions stored in mamory 28, Accordingly, when
an event is detected, HMU 20 may automatically proceed (e.g., without reguiring
exiernal instructions, without user inpul) {0 generate the additional information
according to the instructions stored in memory 26. The additional information
generated may be in the form of a detailed report stored in digital form in memory 26

and referenced by way of the link that is transmitted in advisory message 40.

(001181 The additional information generated may be predefined based on
the anticipated data thal will be recuired {0 troubleshoot the event in order to
determing one or more potential (e.q., root) causes of the event and assist
maintenance personne! in planning for any required maintenance procedurss 1o be
performed on aircraft 10. Accordingly, the additional information may comprise
reievani current data which may include and/or be derived based on data collected
at the time the event occurred (8.0, for some lime before and/or after the
occurrence of the event) including potential triggers for the event and parameters
that could have coniributed to or caused the event. For example, in some
embodiments, additional information could include data relating to one or more
systems 16 of arrcrait 10 other than the sysiem 16 that is directly associated with the
gvent, if applicable. The additional information may alse include relevant
environmental data which may include weather data, flight environment data and
performance daia associated with aircraft 10 at the time the event occurred, bafore

the event occurred and/or after the event occurred. Depending on the svent
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additional information and hence the response meassage 44 into which the additional

information is embedded may be substantially larger than the advisory message 40.

[00119] FIG. 5 is a flowchart of another exemplary method 500 for assisting
with maintenance of aircraft 10. FIGS. 4A and 4B aiso show schematic
representations of an exemplary embodiment of method 500, Method 500 or part(s)
theraof may be computer-implemented and may be performed using ground-based
apparatus 28 based on insiructions stored in memory 38. Method 500 may be
ralated to and performed in conjunction and in cooperation with other methods
disclosed herein. Method 500 or pari{s} thereof may be combined with par{s) of
other methods disclosed hersin. For example, while method 300 may be performed
substantially by onboard apparatus 12, method 53¢ may be peiformed substantially
by ground-based apparatus 28. Accordingly, elaborations and variations provided
above in relalion to method 300 may alse apply to method 300 and will not be

repeated.

[00120] In varicus embodiments, method 500 may comprise: receiving, at
ground facility 18, advisory message 40 from a mobile platform {e.g., aircraft 10), the
advisory message 40 comprising idenificalion of an event detecied onboard the
mobile platform (see block 502} transmitling, from ground facilly 18, gquery
message 42 1o the mobile platform via a first communication profocol (e.g., ACARS),
the guery message 42 requesting predefined additional information associated with
the event and stored on the mobile platform (see block 504); and receiving, at
ground facility 18, response message 44 from the mobile plaiform via a second
communication protocol {e.g., Internetl different from the first communication
protocol, the response message 44 comprising the additional information gssociated
with the event {see block 506).

001217 The transmission of query message 42 may be commanded by
processor 34 and may be done upon receiving user input.  For example, once
advisory message 40 has been received at ground facility 18, a user and/or
computer 30 may consider the event that has been detected and determing whether
or not the additional information is required. Accordingly, in some embodiments, the
user may select 1o reguest the predefined additional information that is stored on
aircraft 10, Upon receipt of such user input, computer 30 may generate query

message 42 including the link to the additional information from advisory message
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40 and command terminal 32 {0 transmii guery message 42 to aircraft 10

Computer 30 may instruct that query message 42 be transmitied via ACAHRS.

[00122] FIG. 6 is a flowchart of an exemplary method 600 for handling the
detection of an event onboard aircraft 10. Method 600 or pari{s} therecf may be
computer-implemenied and may be performed using onboard apparatus 12 based
orn instructions stored in memory 26. Msthod 800 may be related o and performed
in conjunction and cooperation with other methods disciosed hersin. Method 600 or
pari{s) thereof may be combined with pari(s} of other methods disclosed herein.
Accordingly, elaborations and variations provided above in relation to methods 300

and 500 may also apply to method 800 and will not be repeated.

[00123] in various embodiments, method 800 may comprise: detecting the
event (see biock 602); generating predefined additional information related {0 the
agvent and storing the additional information in compuler-readable medium 26 (see
block 804); and transmitiing advisory message 40 from aircraft 10 where advisory
message 40 comprises identification of the event and also a link o the additional
information {see biock 606). Method 800 may alse comprise, upon receipt of &
guery message referencing the link, commanding transmission of response
message 44 comprising the additional information. The transmission ¢of advisory
message 40 and/or response message 44 may be commanded by HMU 20 and may

be performed via terminal 22.

(001241 FIG. 7 is a flowchart of another exemplary method 700 for handling
the detection of an event onboard aircraft 10. Method 700 or part(s} thereof may be
compuier-implemented and may be performed using onboard apparatus 12 based
on instructions stored in memory 26. Method 700 may be related to and performed
in conjunction and cooperation with other methods described herein, Method 7CC or
pari(s) thereof may be combined with parl{s) of other methods disciosed herein.
Accordingly, elaborations and variations provided in relation o other meathods

descrived herein may also apply o method 700 and will not be repeatsd.

[00125] in various embodimeants, method 700 may comprise: detecting the
gvent (ses block 702); generating predefined additional information based on the
event and storing the additional information in compuier-readable medium 26 (see
block 704); and upon receiving a request for the additional information from ground
facility 18, sutomatically transmitting the additional information from aircraft 10 to

ground facility 18 {see block 708}, The transmission of the additional information

-20 -



CA 02951985 2016-12-12

WO 2015/198213 PCT/IB2015/054690

may be automatically commanded by HMU 20 without requiring further external
instructions from a pilot or other gperator of aircraft 10, In some embodiments, the
raguest may comprise query message 42 which may include the link associated with
the additional information and the link may be used by HMU 20 o refrieve the
additional information and command the ifransmission of response message 44 via
terminal 22. Method 700 may aiso comprise the transmission of advisory message
40 to ground facility 18 after detection of the event and advisory message 40 may

comprise identification of the event and a link o the additional information.

[00126] FiG. 8 is a flowchart of another exemplary method 800 for handiing
the detection of an event onboard aircraft 10. Method 800 or part(s) thereof may be
computer-implemented and may be performed using onboard apparatus 12 based
on instructions stored in memory 26. Method 800 may be refated to and performed
in conjunction and cooperation with other methods described herein. Method 800 or
pari{s) therecf may be combined with pari(s) of other methods disciosed herein.
Accordingly, elaborations and variations provided in relation to other methods
described herein may also apply to method 800 and will not be repsated.

[00127] in various embodiments, method 800 may comprise: detecting the
event {see block 802}, generating data identifying the event for inclusion into
advisory message 40 for transmission from aircraft 10 (see block 3804); and
generating predefined additional information based on the event for inclusion into
response message 44 for transmission from aircraft 10 upon request from ground
facility 18 (see block B08). The additional information may be siored in memory 26.
Method 800 may alsc include generating a link io the additional information for
inciusion into advisory message 40. Method 800 may also comprise automatically
transmitling response message 44 upon receipt of the request. Again, the automalic
transmission of response message 44 may be commanded by HMU 20 via terminal

22.

(001281 FIGS. 9A-9C shows an exemplary embodiment of ground-based
apparatus 28. Ground-bassed apparatus 28 may comprise one or more general
purpese compulers, special purpose computers, or other programmable dala
processing apparatus. The exemplary embodiment of ground-based apparatus
shown in FIG. 8C is a tablet computer that may comprise terminal 32, processor 34,
memory 36 and display 38. Ground-based apparatus 28 may be configured for

wired or wireless communication with one or more other data processing apparatus
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and data storage devices that may be part of ground-based apparatus 28 or ground
facility 18 and that are not specifically shown in the figures.

[00129] Display 38 may comprise a touch-sensitive surface that permiis user
interaction with ground-based apparatus 28. Display 38 may be used 1o present &
suitable GUI such as that shown in FIGS. 9A-9C. GUI may be designed to divide
the area of display 38 into two or more regions 38A-38l. The different regions 38A-
381 may have different functions such as displaying different categories of
information and/or may comprise interactive obiects or non-interactive {e.q., display-
only) objects. For example, such objects may inciude cursors, buttons, icons, tabs,
scroll bars, hyperlinks, radio buttons, check boxes, editable data fields, lists of
selectable items, pull-down menus, display-only text and/or graphic fields and/or any

other objecis suitable for use in GUis.

1o0134] In the specific example shown in FIG. 94, the data shown on display
38 may be derived from advisory message 40 that may have been received at
ground-based apparatus 28 via ACARS. For example, region 38A of display 38 may
show flight information such as an identification number (e.g.. serial number, tail
number) of aircraft 10, flight leg, dale and time at which the event was delected.
Region 388 may show a concise identification of the event such as a message
generated by a crew alerting system (CAS) of aircraft 10. Region 38C may show a
more detailed {(2.g., comprehensive) identification of the event including the time at
which the CAS message was generated, the phase of flight of aircraft 10, and an
associate Air Transport Association (ATA)} code associated with the event. Region
380 may show one or more potential causes of the detected event. Region 38E
may show a message generated by an onboard maintenance system (OMS) of
aircraft 10. The role of the OMS may be 1o caplure maintenance data related to one
or more of systems 18 and generate fault messages when appropriate. Region 38F
may show one or more recommended actions {0 address the event by remedying or
mitigating the potential cause(s) of the event. Region 38G may show a number of
potential causes of the event with associated occurrence probabilities determined
based on the data available. Region 38H may provide an indication of the type of
data {e.g., current data, historical data, environmental data and/or fleet data) that
has besan used in identifying the potential causes listed in region 38G and/or used in
causes. Region 38l may comprise ong or more interactive objects which the user
may use to interact with ground-hased apparatus 28. For example, region 38| may
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comprise bulton 46 which may be activated by a user to reguest the predefined
additional information from aircraft 10. Region 38! may also comprise other buttons
to access maintenance-related documentation or to plan maintenance-related

activities.

fo0131] The information shown in the different regions 38A-38H of display 38
of FIG. 9A may be based on advisory message 40, historical data and fleet data
(a.g., reference levels). In the GUI shown in FiG. 9A, since the additional
information has not vet bean requested, the occurrence probabilities of the potential
causes identified may not yet be refined o a leve! suitable to recommend a course
of action {0 address the detected gvent at this point.  For example, an “Unknown”
potential cause may be listed together with the other known potential causes. f the
probability associated to the “Unknown” cause is higher than the other known
potential causes, then the recommended action shown in region 38F may be {0
raequest the additional information associated with the event and stored on aircraft
10. The requesi for the additional information may be initiated by the user by
actuating button 46 in region 38! of display 38. For example, hased on the nature of
the eveni, the user may determine whether investigating the event can be deferred
until aircraft 10 has landed or whether the event should be invesligated immediately.
In some embodiments, the request for the additional information could alternatively
be initiaied automatically without requiring user input. The initiation of the request
for the additional information may comprise using the link obtained from advisory
message 40 in order to generate query message 42 and commanding the

transmission of query message 42 1o aircraft 10 via ACARS.

[00132] The list of polential causes shown in 38G and their associated
occurrence probabiliies may be determined based on diagnostic {e.g., fault
isolation) rules associated with the event. The diagnostic rules may be pradefined
based on the event and may be stored in memory 38 of ground-based apparatus 28.
The diagnostic rules may comprise deductive event {e.g., faillure) analysis rules
including Boolean logic. In some embodiments, the diagnostic rules may be based
on one or more predetermingd fault trees associated with known potential events
that may be detected and/or systems 16 of aircraft 10, In some embodiments, the
diagnostic rules may include a look-up table ideniifying potential root causes for

Known potential events.
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1001331 As shown in region 38G, the occurrence probabiliies may be
presented as numerical valuss such as a probability percentage being associated
with each potential cause. The occurrence probabilities could instead or in addition
be represented in the form of a bar graph. Other forms of presenting occurrence
probabilities could also be used to provide an indication of likelihood of each
potential cause. bExamples of such indications could include colors such as red,

vellow and green or descriptive words such as “LOW”, "MEDIUM” and "HIGH".

[00134] The use of data from different sources may permit the occurence
probabilities {o be refined to a level suitable for initiating recommended actions to
addrass the event. Region 38H of display 38 shows in tabular format which type of
data has been considered to determine the cceurrence probabilities of the potential
causes identified. In the example shown in FIGS. 9A-9C, a white circle in region
38H may indicate that the particular type of data was not considered in the
determination of the occurrence probabllity, a gray circle may indicate that the
particular type of data was considered but no relevant event data was found, a black
circle may indicate that the particular type of data was considered and relevant data
was found and considered. Accordingly, the GUI may provide an indication of
potential causss for the event detected with associated occurrence probabilitises and
also an indication of refinement of the occurrence probabilities computed. The level
of refinement may also provide an indication of reliability in the ideniified potential
cause(s) and the recommended action{s). Therefore depending on whether the
potential causes identified and the coresponding occurrence probabilities are
satisfactory 1o a user based only on advisory message 40 (and optionally historical
data and/or fleet data), a user may decide whether or not the additional information

stored on aircraft 10 should be requested.

(0013581 As explained above, the additional information that is ransmitted in
response message 44 may comprise current data and/or environmential data. In
addition o using current and environmental data, the identification of potential
causes and also the computation of occurrence probabilities may be conducted
using historical data and/or fleet data. Historical data may comprise similar event
data and trends from the specific (target) aircraft 10. For example, historical data
may relate {0 g previous occurrence of the same or & related event on the same
aircraft 10, Historical data may also relate 1o a previous occurrence of another event

associated wiith the same or other system 16 of the same aircraft 10. Figet dala
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may comprise event and/or paramelric data associated with one or morg other
comparable aircraft. For example, fleet data may relate to a previous occurrence of
the same svent on one or more other aircraft. Fleet data may also relate o a
previous cccurrence of ancther event associated with the same or other system 1€

of one or more other aircraft.

[00136] With respect to current data, the data may be analyzed using an
algorithm and a weighted probability value may be assigned, if applicable, 1o a
potential cause. With respect to historical data, this data may be stored in memory
38 and the analysis using this data may be done without requiring the additional
information from aircraft 10, The historical data may be analyzed for past faulls and
parameters that are trending to the event. A weighted sciution may be used to
determing if g potential cause can be determined based on the event history or data
trends associated with aircraft 10, With respect o environmental data, the analysis
may be conducted based on a model of the specific system 16 where the flight
conditions and the envirpnmental conditions are analyzed and the output is weighted
and added o the results. With respect 10 fleet data, this data may be stored in a
fleet database in mamory 36 and the analysis using this data may be done without
raequiring the additional information from aircraft 10. The fleef data may be analyzed

for similar events, associated parametric data and for trends or potential causes.

1001371 FIG. 9B shows an exemplary representation of the GUI of FIG. A
after the user has requested the additiona!l information by actuating button 48. FIG.
9B shows a progress bar indicating the downloading of the additional information
(HMU Data).

[00138] FIG. ¢C shows another exemplary representation of the GUI of FIG,
9A after the additional information has been received at ground-based apparatus 28
and analysed. FIG. 8C shows that current data, historical data, environmental data
and fleet data have heen considered and that relevant data has been found. With
raspect to the "K16 Rslay” potential cause, historical data is indicated as having
been considered but that no data relevant o this specific potential cause was found.
Nevertheless, the occurrence probabilities shown in FIG. 9C have been refined so
that the probability of "K16 Relay” potential cause is shown as being relatively high
and the “Unknown” potential cause is shown as being relatively low. In view of the

refined cccurrence probabilities, the possible cause has been identified as “Ki6
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Relay” in region 38D and the recommended action has been identified as

“Troubleshoot K16 Relay” in region 38F of display 38.

[00139] Ground-based apparatus 28 may permit the investigation inio an
gvent to begin even when aircraft 10 is still in flight and hence remately from aircraft
10. The investigation may also be conducted substantially immediately after the
event has been defected. Based on the recommended action{s} that is/are output
by ground-based apparatus 28, required maintenance-related activities associated
with the racommended action{s) may aiso be niliated even though aircraft 10 may
still be in flight. For example, a replacement “K18 Relay” could be ordered and
delivered to the location where aircraft 10 is next scheduled to land. Also, required
maintenance personnel may be notified and instructed to schedule and perform the
repiacement of the K18 Relay” when aircraft 10 lands. Accordingly, maintenance
persgnngl may carry gut preparaiory maintenance-related activities before physically
getting access o the aircraft and in some cases even before the aircraft has landed.
For example, maintenance personnel may make preparations including staffing,
obtaining the neceassary tools and replacement paris and/or reviewing the necessary
maintenance procedures so that the replacement of "K18 Relay” may be performed
raiatively sfficiently once alrcraft 10 has landed and so that aircraft 10 may returmn to
service relatively quickly {.e., reduced turnaround tme). In some cases the
identification of a recommended action using ground-based apparatus 28 may
reduce or substantiaily eliminate the troubleshooting time with alrcraft 10 out of
service that would otherwise be required. In some cases, the identification of such
recommended action may also reduce or eliminate the nesd for re-powering aircraft
10 or systems 16 thereof to investigate the event by using data that was coliected at
the time of the eveni. In some cases, the identification of such recommended action
may alsc reduce or eliminate the need 1o re-create the event in order 1o investigate
the event. In some cases, the need for keeping a large number of paris in inventory

at various lpcations may also be reduced.

(601407 in some cases, the investigation into an event using ground-
apparatus 28 may also permit the ideniification of a potential cause with some
degree of certainty {(e.g., relatively high occurence probability) and such
identification may be communicated back to the piloi{s). The knowledge of such
potential cause for the event may assist the piot{s) in continuing to operate the

aircraft and, if necessary, safely land aircraft 10.
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[00141] FIG. 10 is a flow chart of an exempiary method 1000 for determining
the probability of a cause of an event detected onboard a mobile piatiorm. Method
1000 or part(s) thereof may be computer-impiemenied and may be performed using
ground-based apparatus 28 based on instructions stored in memory 36
Alternatively, part{s) of method 1000 may be performed using onboard apparatus 12
based on instructions stored in memory 26. Method 1000 may be relaled o and
performed in conjunclion and cooperation with other methods described herein.
Method 1000 or part{s) thereof may be combined with pari(s) of other methods
disclosed herein. Accordingly, elaborations and variations provided in relgtion o
other methods described herein may also apply 1o method 1000 and will not be

rapealed.

001421 in various embodiments, method 1000 may comprise: receiving, from
the mobile platform (e.g., aircraft 10}, an identification of the event associated with
systermn 16 of the mobile platform (see block 1002); using the identification of the
event and predefined diagnostic rules associated with the event, identifying one or
more potential causes of the event (see block 1004); and using other data {(e.g.,
referance levels) related 1o the event, computing an occurrence probability for each
potential cause for the event (see block 1006); and generating an output {(e.g.,
signals represeniative of GUI shown on display 38}, the oulput comprising an
identification of each potential cause and its associaled occurrence probability (see
region 38G in FIG. 80 and block 1008 in FIG. 10},

[00143] in various embodiments, the pre-defined diagnostic rules associated
with the event may be relrieved from compuler-readable medium 36 coupled 1o

processor 34.

[o0144) In various smbodiments, gensrating the output may occur while the
mobile platform is in transit (e.g., flight). The other data may comprise one or more
of current data, historical data, environmental data and fleet data as described
above. The output may also comprise an indication of the type(s) of other data used
to compute the occurrence probability of each potential cause {see region 38H of
FiG. 9C.

[00145] In some embodiments, the ouiput of method 1000 may comprise an
indication of one or more potential causes that may each have a relatively high
opcourrence probability.  Accordingly, method 1000 may optionally further comprise

maintenance personnel  carrying ouf, based on this output, preparatory
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maintenance-related activities before physically getling access to the aircraft and in
some cases even before the aircraft has landed (see block 1010). For example, the

preparatory maintenance-related activities may be related to the ong or more

[001486] in various embodiments, aspecis of the present disclosure including
instructions for carrying out the various methods disclosed herein may be embodied
as computer program products.  For example, a computer program product for
assisting with maintsnance of a mobile platform with a ground-based apparatus may
comprise a non-transitory computer readable storage medium 36 having program
code embodied therewith. The program code may be readable/executable by
processor 34 or other logic circuit to perform one or more methods disclosed herein.
For example, such method may comprise: using data including an identification of
the event received from the mobile platform and predefined diagnostic rules stored
in computer-readable medium 36, identifying one or more potential causes of the
eveni; using other data related to the event, computing an occurrence probability for
each potential cause for the event; and generating an oufput (i.e., signals) for
display device 38, the ouiput comprising an identification of each potential cause

and ils associaled occurrence probability.

(001477 FIG. 11 is a table illustrating exemplary additional information
associated with a hydraulic system failure thal may be generafed and stored on
aircraft 10 when an event {e.g., HYD_PUMP_3B FAlL) is detected. However,
depending on the nature of the detected event, the additional information would be
associated with the one or more systems of aircraft 10 which are believed o be
associated to the event. As described above, the additional information may
comprise current data including values of one or morg sensed parameters and
environmental data and may be used to determine potential causes for the detected
event and compute associated ocourrence probabiliies. For example, the current
data may comprise sensed pressures, lemperatures, voltages, currents and/or other
parameters or status indication(s} associated with the hydraulic or other relaied
system(s) and associated date/time values al which the sensed parameiers were
measured. The additional information may aiso include environment data such as,
for example, ambient temperature, ouiside air temperature (QAT), altitude, airspesad,
pitch rate, roll rate, yaw rate and heading. Such additional information may be
transmitted via response message 44 and used 1o determine polential causes for
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[00148] FIG. 12 is a table iliustrating exemplary historical data that may be
used o determine potential causes for the detected event and compute associated
occurrence probabilities. Hislorical data may comprise similar event data and frends
from the specific (target) aircraft 18, For example, historical data may relate to a
previous occurrence of the same event (eg., HYD_PUMP_3B _FAIL) and/or a
related event on the same aircraft 10. Accordingly, the historical data may comprise
information about one or more occurrences of the same or other related eveni(s)
and may include a description of an eveni, a date/timg associated with the
ocourrence of the event, an indication of the system(s) affected by the event and
one or more root cause(s) identified for the detected event. The historical data may
also comprise relevant current/environment data associated with the event and that
may be used for comparison with the additional information obtained from aircraft 10

for the purpose of refining occurrence probabilities.

[00148] FIG. 13 is a table illustrating exemplary fleet data that may be used to
determine potential causes for the detecied event (e.g., HYD_PUMP_3B FAIL) and
compute associated occurrence probabilities. Fleet data may comprise similar event
data and trends associated with one or more other comparable aireraft.  For
example, fleet data may relate 1o a previous occurrence of the same event on one or
more other aircraft. Flest data may also relale {0 a previous occurrence of ancther
eveni associaled with the same or other system 18 of one or more other aircraft,
Accordingly, the fleet data may comprise information about one or more occurrences
of the same or other related svent(s) on the same or ofher relaied aircraft that may
be considerad of the same family or fleet and/or have sufficient commonality that an
event occurrence on the related aircraft may be helpful in troubleshooting an event
on the target aircraft. The fleet data may include a description of an event, g
date/time associated with the occurrence of the event, an indication of the system(s)
affecied by the event, one or more root cause(s) ideniified for the deiecied svent
and some form of identification {s.¢., tall number) of the related aircraft. The flast
data may also comprise relevant current/environment data associated with the event
and that may be used for comparison with the additional information obtained from

aircraft 10 for the purpose of refining occurrence probabilities.

[00150] FIG. 14 shows an exemplary faull free which may be used to
determine potential causes for the detected event. The diagnostic rules used o

determine the potential causes may be based on ong or more fault trees such as
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that shown in FIG. 14. In some embodiments, such diagnostic rules may be used
initially to identify potential causes for the detected event before refining the
occurrence probabilities for the potential causes. Alternatively, the diagnostic rules
may simply comprise a databass including poiential causes asscciated with given
events that could be detected. Accordingly, in some embodiments, the diagnostic
rules could be in the form of a look-up table used o identify pre-determined potential

causes for one or more events.

[00151] Examplas 1 and 2 described below iHusirate how numerical values for
compuied and also refined using the different types of data {e.g., historical, fleet,
current and environmental data) disclosed in the present application. Examplas 1
and 2 are not exhaustive and there are other ways in which the different types of
data disclosed herein and aiso other types of dala couid be used to obtain
occurrence probabilities. Such other ways are intended to be included within the
spirit and scope of the present disclosure. The occurrence probabilities computed in
the examplies below may be intended to be displayed in region 38G of dispiay 38
shown in FIGS. 9A-9C, however, it should be noted that the occurrence probabilitiss
displayed in region 38G of FIGS. 9A-9C do not necessarily correspond io the
numerical values computed in Examples 1 and 2 below.

EXAMPLE 1

[00152] The explanation below Hlustrates how, based on the information
shown in FIGS. 11-14, potential causes may bs delermined for an exemplary event
(.., HYD_PUMP_3B_FAlL) detected onboard aircraft 10 and how associated
occurrence probabilities (e.g., percentage values) may be computed for the potential
causes. Polential causes of this exemplary event may be identified based on
diagnostic rules in the form of a database (e.q., look-up table) stored in memory 36.
For example, the database may store a lisi of polential causes associated with the
detected avent and other events. in this example, based on a look-up operation
within such a database, it is determined that there may be three poteniial causes for
this event, which may be a malfunction of the hydraulic pump, a malfunction of the
K16 relay or other causes associated with other systems. For the purpose of this

example only, the other causes are grouped together and referenced as "unknown’”

[00153] As explained above, the diagnostic rules could slternatively or in

addition comprise fault tree logic such as that shown in FIG. 14, Such fault tree
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could be used to identify basic events {e.g., “pump is nol running”, pump does not
output normal pressure”, “pump control is not funclioning correctly” and “power to
the pump s not intact™ that may have led 1o the deiecied event of
"HYD _PUMP_3B FAIL”. For the purpose of the present example, the identfied
potential causes associated with the basic events identified from the fault ree could
be the same as those identified gbove. The potential causes may be identified from
diagnostic rules comprising a faull itres that iakes intc consideration other
information available, such as the historical data, flest data, curent data,
gnvironmental data and/or other spurces of data in order o navigate the fault tree
logic. In some embodiments, fault tree logic may be used in conjunction with one or
more look-up tables where the faull tree could be used to identify the basic events
and the look-up table could be used o identity the potential causes associated with
those basic event. Alternatively, the faull tree logic {g.q., FIG. 14) could lead directly
to potential causes. In the absence of any other source of data {i.e., without
refinement), the three potential causes could be given equal occurrence probabiliies
of 33% each.

[G0154] Occurrence probabilifies for each of the identified potential causes
may be computed/refined by taking inlo consideration the information shown in
FIGS. 11-14. Firstly, if only historical data is available for computing occurrence
probabilities for the potential causes, a calculation can be performed of the historical
percentage cccurrence of each of the potential causes. For example, based on the
historical data alone, it may be determined that for the detected event
“HYD _PUMP_38B FAIL", the root cause has been associated with the K16 relay six
out of nine ocowrrences (i.e., 67% of the time), a pump failure one out of ning
oceurrences (i.e., 11% of the time) and some other (unknown) causes relating o
systems other than the hydraulic system two out of nine occurrences (i.e. 22% of the
time). Therefore, if only historical data is available, these could be the occurrence

probabilities assigned to each of the potential causes.

[G0155] Now if both historical data and fleet data are available as shown in
FIG. 9A, the fleet data could be considered in a similar manner as the historical data
and then the fleet data and the historical data could be given respective weightings
in order to combine the results from the two sources of data and obtain more refined
occurrence probabilities for the potential causes. For example, based on the flest
data alone, it wmay be determined that for the detecied event
“HYD _PUMP_3B FAIL", the root cause has been associated with the Kig relay 15
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out of 18 occurrences (i.e., 83% of the time), a pump fallure one out of 18
occurrences (i.e., 6% of the time) and some other {unknown) causes relating to
systems other than the hydraulic system two out of 18 occurrences (e, 11% of the
time}. The historical data may, for example, be given a weighting of 305 and the
fleet data may be given a weighting of 70%. These weightings may be pre-defined
and stored in the memory 386, or they may be determined based on an algorithm
available to the data procsssor 34, For sxample, the weightings may change based
on the amount of data available in the historical data vs. the amouni of dala
available in the fleel data. If there is very littie historical data available and far more
fleet data available, it is possible that the fleet data may have a greater weighting
than the historcal data. Accordingly, the weightings may be fixed and pre-defined or
may be dynamic based on the contents of the data avaiiable.

[00158] The ocoutrrence probabilities of sach potential cause using both the
historical data and the fleet data may be computed bassd on known or cther
methods. For example, the combined occurrence probabilifies for each potential
cause may be a weighted average using normalized waeighting values {between 0
and 1) by using equation 1 below. Table 1 below shows the combined occurrence
probabilities computed based on historical data and fieet data. The valuss for the
combinad occwrence probabiliiss may be represented in the form of a bar graph in

region 38G of Figure A,

Eguation 1. Combined Occ. Prob. = Ooc. Prob. 1 {weighting 1) + Occ. Prob. 2
{waighting 2) +[...] Occ. Prob. n (weighting n)

Tabie 1: Combined occurrence probabilities of potential causes computed based on

historical data and flest data.

Potential Historical Data Flest Data Combined

Causes | Qco. Prob. % | Weighting | Qce. Prob. % | Weighting | Ccec. Prob. %
K16 Relay &7 0.3 83 0.7 78
Hydraulic

i1 0.3 8 0.7 8
Pump

Unknown 22 0.3 11 0.7 14
(001577 The additional current and environmental data may be obfained and

used 1o refine the above probabilities. For example, the current and environmental
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data may be used fo refine the weighiings assigned to the historical and fleet data,
or may be used io define the subset of historical or fleet data o use to arrive at the
occurrence probabilities. In some embodiments, the current and snvironmental data
may alsc be used {0 conduct fault tree analysis o identify and adjust the potential

causes associated with the detecled event.

[00158] As explained above, when a particular event is detected, predefined
additional information relating to that event may be automatically generated and
stored onboard the aircraft and transmitied to ground-based apparatus 28 upon
reguest. Some or all of the predefined additional information may be current and/or
environmental data associated with or experienced by the aircraft at or around the
time of the detected event. Therefore, the historical data shown in FIG. 12, and the
fleet data shown in FIG. 13, may alse comprise relevant current and/or

environmenial data associated with each stored event.

[00159] With respect to the present example, the pre-defined additional
information {e.g., current and/or environmental data) associated with the particular
gvent “HYD PUMP_3B_FAIL” may be used fo further refine the occurrence
probakilities computed above for each of the identified potential causes. This
determination may be done at least partially based on the values of the occurrence
probabilities computed so far. For exampie, if the highest occurrence probability is
associated with the "unknown™ potential cause then it may be determined that further
refinement is needed and that the additional information should be brought into the
analysis. Aliernatively, if the highest occurrence probability is associated with the
K16 relay and has a value of 78%, such value may be satlisfactory to permit
mainienance personnal {0 begin preparations for troubleshooting and potentially

replacing the K16 relay.

{00180 For the purpose of the present exampie, the additional information
received from the aircraft may be used to adjust weightings applied to each of the
historical and fleet data. Alternatively, the additional information may be used to
select a more relevant subset of historical data andior fleet data o be used in the
analysis. For example the currentenvironment data in the historical data and fleet
data may be compared 1o the additional information receivad from the aircraft so that
only the most relevant records {e.g., under similar environmental and/or current

conditions) may be used in the refinement of the occurrence probabilities.
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00161} Accordingly, the current and environmental data received from the
aircraft and associated with the detected svent may be used 10 refine the weightings
used to refing the occurrence probabilities. For example, when the current and
environmental daia is received, it may be determined based on the flest data (such
as that shown in Figure 13) that for the same current and environmental conditions
detecied, it is always the same root cause {such as the K16 reiay} thal caused that
detected condition. In such a case, a greater weighling may be given to the fleet
data, since the fleet data shows that for the given current and/or environmental data
detected, there is a high stalistical likelihood that the flest data will lead 1o the most
likely root cause. Therefore, the weighiing given to the fleet data may be upgraded
from 70% to 90%, such that the occurrence probabilities will then be calculated
using Eguation 1 using the revised weightings. The values for the combined
occurrence probabilities may be represented in the form of a bar graph in region
38G of Figure 8C.

Takie 2: Combined osccurrence probabilities of potential causes computed based on
historical data and fleet data using weightings revised based on current and

snvironmenial data.

Patential Historical Data Fiest Data Combined

Causes Cce. Prob. % | Weighting | Qce. Prob. % | Weighting | Occ. Prob. %
K16 Relay a7 0.1 83 .9 a1
Hydrautic

it 0.1 8 0.9 7
Pump

Unknown 22 0.1 11 0.9 12
EXAMPLE 2
[00162] in accordance with a second example, the current and gnvironmental

data associated with the detected event may be used in order to defing a more
relevant subset of historical or fleet data to be used to arrive at the occurrence
probakbilities for each of the potential causes. For example, when the current and
environmental data is received, it may be determined based on one or both of the
fleet data (FIG. 13) and historical data (FIG. 12) that under the sames current and
gnvironmental conditions, it is always the same root cause e.g., the Ki8 relay. For
the sake of this example, the data taken from the fleel data may be limited to only

include the roof causes for the same event and which ocourred during the same or
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comparable current and environmental conditions.  In such a case, the fieet dala
may show that for the same current and environmental conditions, the root cause for
the detecied event "HYD_PUMP_3B_FAIL”, is: the hydraulic pump 0% of the time,
the K16 relay 100% of the time and other/unknown causes 0% of the time.
Therefore, when this refined subset of data is applied to Eguation 1 above using the
inifial normalized weightings of EXAMPLE 1 {(i.e., 0.3 for higtorical daia and 0.7 for
fleet data), the refined occurrence probabilities may be those shown in Table 3
below. A similar subset of the historical daia could also be selecied based on the
current and environmental dala obtained from the aircraft. The values for the
combined occurrence probabilities may be represented in the form of a bar graph in
ragion 38G of Figure 8C.

Table 3: Combined occurrence probabilities of potential causes computed based on
the historical data and only a subset of the fleet data selected based on current and

environmental data.

Potential Historical Data Fieet Data Combined

Causes Cee. Prob. % | Weighting | Oce. Prob. % | Weighting | Occ. Prob. %
K16 Relay 67 0.3 100 0.7 90
Hydraulic .

11 0.3 0 0.7 3
Pump

Unknown 22 0.3 0 0.7 7
(001631 The above description is meant to be exemplary only, and one skilled

in the relevant arts will recognize that changes may be made o the embodiments
described without departing from the scope of the invention disclosed. For example,
the blocks and/or operations in the fiowcharts and drawings described herein are for
purposes of example only. There may be many variations to these blocks and/or
operations without departing from the teachings of the present disclosure. For
instance, the blocks may be performed in a differing order, or biocks may be added,
deleted, or modified. The present disciosure may be embodied in other specific
forms without departing from the subject matier of the claims. Also, one skilied in
the relevant arts will appreciate that while the systems, devices, appsaratus and
methods disclosed and shown herein may comprise a specific number of
slements/components, the sysiems, devices apparatus and methods could be

modified {0 include additional or fewer of such elements/componeants. The present
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disclosure is also infended to cover and embrace all suitable changes in {echnology.
Modifications which fall within the scope of the present invention will be apparent to
those skilled in the arl, in light of a review of this disclosure, and such modifications
are intended to fall within the appended claims. Also, the scope of the claims should
not be limited by the preferrad embodiments set forth in the examples, but should be

given the broadest interpretation consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1. A computer-implemented method for assisting with maintenance of an
aircraft, the method comprising:

detecting an event on the aircraft;

generating additional information associated with the event and storing the
additional information in computer-readable medium onboard the aircraft;

transmitting, from the aircraft, an advisory message relating to the event;

receiving, at the aircraft, a query message via a first communication protocol,
the query message requesting the additional information associated with the event;
and upon receiving the query message, automatically transmitting, from the aircraft
to a ground facility and while the aircraft is in flight, a response message via a
second communication protocol different from the first communication protocol, the
response message comprising the additional information associated with the event

and being larger in size than the advisory message.

2. The method as defined in claim 1, wherein the first communication protocol

comprises Aircraft Communications Addressing and Reporting Systems (ACARS).

3. The method as defined in claim 1 or claim 2, wherein the second
communication protocol comprises an Internet protocol.

4, The method as defined in any one of claims 1 to 3, wherein the response
message is transmitted via satellite communications (SATCOM).

5. The method as defined in any one of claims 1 to 4, wherein the advisory

message is transmitted via the first communication protocol.
6. The method as defined in any one of claims 1 to 5, wherein the advisory
message comprises identification of the event and a link to the additional

information.

7. The method as defined in any one of claims 1 to 6, wherein the additional

information is automatically generated upon detection of the event.
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8. The method as defined in any one of claims 1 to 7, wherein the contents of
the additional information are predefined based on the event.

9. The method as defined in any one of claims 1 to 8, wherein the additional
information comprises a value of a sensed parameter relating to a system of the
aircraft associated with the event.

10. The method as defined in any one of claims 1 to 8, wherein the additional
information comprises:

a first value of a sensed parameter relating to a system of the aircraft
associated with the event before the detection of the event; and

a second value of the sensed parameter relating to the system of the aircraft
after the detection of the event.

11. The method as defined in any one of claims 1 to 10, wherein the additional

information comprises environmental data associated with the aircraft.

12. The method as defined in any one of claims 1 to 11, wherein the event
comprises a fault condition.

13. An apparatus for installation onboard an aircraft and for assisting with
maintenance of the aircraft, the apparatus comprising:

a communication terminal for receiving messages and for transmitting
messages from the aircraft, the communication terminal being configured for
communication using a first communication protocol and a second communication
protocol different from the first communication protocol; and

a monitoring unit coupled to the communication terminal and also coupled to
a monitored system of the aircraft, the monitoring unit comprising a data processor
and a non-transitory computer-readable medium containing instructions readable
and executable by the data processor to perform a method comprising:

detecting an event associated with the monitored system;

generating additional information associated with the event and storing the
additional information;

commanding transmission, from the aircraft, of an advisory message relating
to the event on the aircraft;
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upon receipt, via the first communication protocol, of a query message
requesting the additional information associated with the event, automatically
commanding transmission, from the aircraft to a ground facility and while the aircraft
is in flight, a response message via the second communication protocol, the
response message comprising the additional information associated with the event

and being larger in size than the advisory message.

14. The apparatus as defined in claim 13, wherein the first communication
protocol comprises ACARS.

15. The apparatus as defined in claim 13 or claim 14, wherein the second
communication protocol comprises an Internet protocol.

16. The apparatus as defined in any one of claims 13 to 15, wherein the
commanded transmission of the advisory message is via the first communication

protocol.

17. The apparatus as defined in any one of claims 13 to 16, wherein the advisory
message comprises identification of the event and a link to the additional
information.

18. The apparatus as defined in any one of claims 13 to 17, wherein the
instructions are configured to cause the monitoring unit to, upon detection of the

event, automatically generate the additional information.

19. The apparatus as defined in any one of claims 13 to 18, wherein the contents

of the additional information are predefined based on the event.
20. The apparatus as defined in any one of claims 13 to 19, wherein the
additional information comprises a value of a sensed parameter relating to the

monitored system.

21. The apparatus as defined in any one of claims 13 to 19, wherein the

additional information comprises:
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a first value of a sensed parameter relating to the monitored system before
the detection of the event; and
a second value of the sensed parameter relating to the monitored system

after the detection of the event.

22. The apparatus as defined in any one of claims 13 to 21, wherein the
additional information comprises environmental data associated with the aircraft.

23. The apparatus as defined in any one of claims 13 to 22, wherein the event

comprises a fault condition.

24, A computer-implemented method for assisting with the maintenance of a
mobile platform, the method comprising:

receiving, at a ground facility, an advisory message from a mobile platform,
the advisory message comprising identification of an event detected onboard the
mobile platform, while the mobile platform is in transit;

upon receiving the advisory message, automatically transmitting, from the
ground facility, a query message to the mobile platform via a first communication
protocol, the query message requesting predefined additional information associated
with the event and stored on the mobile platform; and

receiving, at the ground facility, a response message from the mobile
platform via a second communication protocol different from the first communication
protocol, the response message comprising the additional information associated
with the event and being larger in size than the advisory message.

25. The method as defined in claim 24, wherein the first communication protocol
comprises ACARS.

26. The method as defined in claim 24, wherein the second communication

protocol comprises an Internet protocol.
27. The method as defined in claim 24, wherein the response message is

received via SATCOM.
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28. The method as defined in claim 24, wherein in addition to the identification of

the event, the advisory message comprises a link to the additional information.

29. The method as defined in claim 28, wherein the query message comprises
the link.

30. The method as defined in claim 24, wherein the additional information
comprises a value of a sensed parameter relating to a system of the mobile platform

associated with the event.

31. The method as defined in claim 24, wherein the additional information
comprises:

a first value of a sensed parameter relating to a system of the mobile
platform associated with the event before the detection of the event; and

a second value of the sensed parameter relating to the system of the mobile

platform after the detection of the event.

32. The method as defined in claim 24, wherein the additional information

comprises environmental data associated with the mobile platform.

33. The method as defined in claim 24, wherein the event comprises a fault
condition.

34. The method as defined in claim 24, wherein the advisory message is
received via the first communication protocol.

35. A ground-based apparatus for assisting with maintenance of a mobile
platform, the apparatus comprising:

a communication terminal for communicating with the mobile platform using
a first communication protocol and a second communication protocol different from
the first communication protocol;

a data processor coupled to the communication terminal; and

a non-transitory computer-readable medium containing instructions readable
and executable by the data processor to perform a method comprising:
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after receipt, via the first communication protocol, of an advisory message
comprising identification of an event detected onboard the mobile platform,
automatically commanding transmission of a query message to the mobile platform,
while the mobile platform is in transit, requesting predefined additional information
associated with the event and stored on the mobile platform; and

after receipt, via the second communication protocol, of a response message
comprising the additional information associated with the event from the mobile
platform, storing the additional information in the same or other non-transitory
computer-readable medium, the response message being larger in size than the

advisory message.

36. The apparatus as defined in claim 35, wherein the first communication
protocol comprises ACARS.

37. The apparatus as defined in claim 35, wherein the second communication

protocol comprises an Internet protocol.

38. The apparatus as defined in claim 35, wherein in addition to the identification
of the event, the advisory message comprises a link to the additional information.

39. The apparatus as defined in claim 38, wherein the query message comprises
the link.

40. The apparatus as defined in claim 35, wherein the additional information
comprises a value of a sensed parameter relating to a system of the mobile platform
associated with the event.

41, The apparatus as defined in claim 35, wherein the additional information
comprises:

a first value of a sensed parameter relating to a system of the mobile
platform associated with the event before the detection of the event; and

a second value of the sensed parameter relating to the system of the mobile
platform after the detection of the event.
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42, The apparatus as defined in claim 35, wherein the additional information

comprises environmental data associated with the mobile platform.

43. The apparatus as defined in claim 35, wherein the event comprises a fault
condition.

44, The apparatus as defined in claim 35, wherein the advisory message is
received via the first communication protocol.

45, The apparatus as defined in claim 35, wherein the instructions are configured
to cause a graphic user interface to be displayed on a display device, the graphic

user interface identifying the event based on the advisory message received and
facilitating generation of the query message via user input.
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