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Aircraft flight data monitoring and reporting system and use thereof

Field:

(001] The present technology relates to systems and methods for collecting, analyzing
and reporting flight data for both fixed wing and rotary wing aircraft. More specifically,
the technology relates to wireless data transfer using zero configuration auto network
discovery and heuristic triggers to analyze the data in real time. Anintegrated flight data

recording and reporting unit is central to the system.

Background:

(002] Tracking and reporting aircraft flights and anomalies therein is extremely
important in the aircraft industry, whether for commercial airlines, or specialized
applications such as helicopter logging and firefighting. in the earlier days, flight data
recorders were used to determine what went wrong in a flight after the fact. Beacons

were used to locate a downed aircraft.

(003] There are a large number of functions that are desirable to have inan aircraft data
recording and reporting system. These include capturing occurrences that take place
during flight using Air Data and Attitude Heading and Reference Systems {ADHRS), Quick
Access Recorder (QAR) and Flight Data Recorder (FDR) and FSM heuristics monitoring.
Because of the large number of functions, there are a relatively large number of
components in the system that must communicate effectively with one another. These

require space, and must be coordinated with one another.

[004] Accessing the data has also provided challenges. Generally, a maintenance person
would manually download the FDR data from the aircraft using a QAR. Then manually

transfer the memory media to an ohservation and analysis station.

[005] Later, as it became apparent that more data could be available and would be of

value, data were transmitted from the aircraft after it landed. For example, US Patent
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6,181,990 discloses an aircraft data transmission system used with an aircraft having a
data acquisition unit. The system includes a communications unit located in the aircraft
and in communication with the data acquisition unit. The system also includes a cellular
infrastructure in communication with the data communications unit after the aircraft has
landed. The system further includes a data reception unit in communication with the

cellular infrastructure.

[006] More recently, aircraft tracking méthods and systems have been developed. For
example, US Patent Application 20040204801 discloses a safety and security system. The
system includes an aircraft subsystem, a ground subsystem in communication with the
aircraft subsystem via a wireless communication link, and an external system in
communication with the ground subsystem via a secoird communication link. The a‘ircraft
subsystem includes a comparator module for comparing flight data with expécted data,
and a triggering module for triggering transmission of selected data when the flight data
deviate from the expected data. The ground subsystem includes an analyzer module for
analyzing the selected data transmitted from the aircraft. One of the ground subsystem
and the external system includes a correlation module for correlating the selected data
transmitted from the aircraft with information accessible by the external system. This

approach is limited by the communication links that it uses.

[007] In order to fully exploit the communication links that are currently available, the
Internet Protocol {IP) address that will be assigned either needs to be known, or the
requirement to know the IP address needs to be removed. Unfortunately, when mobile
devices connect to or create a hotspot-with anindeterminate IP address, addresses in the
192.168.0 class C subnet are usually used, but there is no documentation that confirms
that is the only subnet it will use. Even ifthe subnetis known, the |P address dynamically
assigned to the mobile device will not be known. Similarly, when a flight data recording
andreporting unit connects, the IP address will not be known beforehand. Knowing what

IP address will be assigned to the mobile base station ahead of time simply has not been
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feasible. Hence thereisa needto be able to find a service on a network by service name

without the client having to know the IP address or port number in advance.

[008] A system for transferring data from flight data recording and reporting units is
required that provides for auto-discovery and auto-connect between the flight data
recording and reporting units and base stations, flight data monitoring storage and
analysis units and the like. Preferabiy, the communications are bi-directional, allowing
for reporting back to the aircraft or to remote locations. Autonomous reporting would

reduce the reliance on human intervention.
Summary:

[009] The present technology provides a system that increases the flexibility and
capabilities of an aircraft flight data monitoring and reporting system. An integrated flight

data recording and reporting unit is central to the system.

(0010] In one embodiment, an aircraft flight data monitoring and reporting system is
provided. The system comprises: an onboard flight data recording and reporting unit; a
zero-configuration service discoverer; a remote base station; a remote flight data
monitoring storage and analysis unit; a wireless communication link; and a rretwork, the
wireless communication link and network for communications between the aircraft flight
data monitoring and reporting system and each of the base station and the flight data
monitoring storage and analysis unit, wherein the zero-configuration service discoverer
facilitates auto-discovering between the flight data recording and reporting unit and the

base station.

(0011] The flight data monitoring storage and analysis unit may be in a cloud.
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[0012] The system may further comprise an cbservation station in communication with

the base station and the flight data recording and reporting unit.

[0013] The base station may be a mobite base station and it may comprise a personal hot

spot for communicating via the internet.

[0014] The system may further comprise a second mobile device comprising a zero-
configuration service discoverer. The second mobile device may be configdred to
communicate with the flight data recording and reporting unit and the mobile base

stationvia the internet.

[0015] The zero-configuration service discoverer may be a zero configuration multicast

DNS standard {mDNS) with DNS-SD Service Discovery.

[0016] The system is preferably configured for bi-directional communication.

[0017] The flight data recording and reporting unit is defined as having a central
processor and a communications module, and the central processor comprises a
communication protocol and handling methods that operate between it and the

communications module.

[0018] The system is configured to provide data collection, analysis, identification of

abnormal events and triggering.

[0019] The system is also configured to provide post mission flight visualization v a an

observation station.

[0020] In another embodiment, an aircraft flight data monitoring and reporting system is
provided. The system comprises: an onboard flight data recording and reporting urit; a

remote base station; a remote flight data monitoring storage and analysis unit; a wirzless

4
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communication link; and a network, the wireless communication link and network for
communications between the aircraft flight data monitoring and reporting system and
each of the base station and the flight data monitoring storage and analysis unit, wherein

the system is configured for bi-directional communication.

[0021] The flight data recording and reporting unit has a central processor and a
communications module, and the central processor comprises a communication protocol

and handling methods that operate between it and the communications module. -

[0022] The flight data monitoring storage and analysis unit is preferably in a cloud.

[0023] The system further comprises a zero-configuration service discoverer wherein the
zero-configuration service discoverer facilitates auto-discovering between the flight data

recording and reporting unit and the base station.

[0024] The system also further comprises an observation station in communication with

the base station and the flight data recording and reporting unit.

[0025] The base station may be a mobile base station.

[0026] The mobile base station comprises a personal hot spot for communicating via the

internet.

[0027] The system may further comprise a second mobile device comprising a zero-
configuration service discoverer. The second mobile device is configured to communicate
with the flight data recording and reporting unit and the mobile base station via the

internet.

[0028] The system is configured to provide data collection, analysis, identification of

abnormal events and triggering.
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[0029] The system is also configured to provide post mission flight visualization via an

observation station.

[0030] The system may further comprise a Flight Management System Computer (FMSC),

an input device connected to the FMSC, and a display device.

{0031] in another embodiment, an onboard flight data recording and reporting unit for
use in an aircraft flight data monitoring and reporting system (is provided. The unit
comprises a central processor comprising a communication protocol and handling
methods that operate between it and a communications module to facilitate bi-
directional communication between the flight data recording and rep;)rting unit and the

aircraft flight data monitoring and reporting system.
[0032] The central processor further comprises instructions for autonomous reporting.
[0033] The central processor further comprises instructions for pervasive networking.

(0034] The onboard flight data recording and reporting unit is configuredto provide Flight
Data Monitoring (FDM), including Air Data and Attitude Heading and Reference Systems
(ADHRS), Quick Access Recorder (QAR), Wireless Data Link (WDL), Read Out Subscriber
Equipment (ROSE), Flight Data Recorder (FDR) and engine data.

[0035] The onboard flight data recording and reporting unit comprises a battery backup,
a 3-axis accelerometer, a 3-axis gyroscope, a solid-state compass, pitot pressure sensor,
static pressure sensor, differential pressure sensor, a temperature sensor, an inert:al
measurement unit, a Global Positioning Satellite (GPS) feed or an internal GPS, and an

internal real-time clock.
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[0036] The onboard flight data recording and reporting unit further comprises Finite State

Machine heuristics monitoring and a real time reporting system.

[0037] The communications module is configured to utilize auto discovery and zero

configuration networking.

[0038] A method of recording and reporting flight data is also provided that utilizes the

system of the present technology.

[0039] In another embodiment, a method of reporting flight data to a base station is
provided. The method comprises the steps of: auto-discovering and zero-configuring
between the flight data recording and reporting unit and the base station; networking;

and reporting,
[0040] The networking is pervasive networking.
[0041] The reporting is autonomous, or polled reporting.

[0042] The method further comprises the step of the base station communicating back

to the flight data recording and reporting unit.

(0043] In another embodiment, a method of communicating data in an aircraft flight data
monitoring and reporting system is provided wherein the system comprises: an onboard
flight data recording and reporting unit; a base station; a remote flight data monitoring
storage and analysis unit; a wireless communication link; and a network, the method
comprising auto-discovering and zero-configuring between the flight data recording and

reporting unit and the base station, networking, and reporting.

(0044] The communicating preferably is bi-directional.
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(0045]

The method further comprises the onboard flight data recording and reporting

unit communicating with an observation station.

(0046]

The method further comprises the observation station providing post mission

flight visualization.

(0047]

(0048]

Figures:

(0049]
(0050]
(0051]
(0052]
(0053]
(0054]
(0055]

The reporting is preferably in real-time and is autonomous.

The method of claim 40, wherein reporting is autonomous.

Figure 1 is a block diagram of an embodiment of the present technology.
Figure 2 is a block diagram of another embodiment of the present technology.
Figure 3 is a block diagram of another embodiment of the present technology.
Figure 4 is a block diagram of another embodiment of the present technology.
Figure 5is a block diagram of another embodiment of the present technology.
Figure 6 is a block diagram showing data transfer.

Figure 7 is a block diagram showing the interaction between the flight data

recording and reporting unit and Flight Management System Computer.

(0056]

Figure 8 is a block diagram showing the flight data recording and reporting unit of

the present technology.

Description:

[(0057]

Except as otherwise expressly provided, the following rules of interpretation apply

to this specification (written description, claims and drawings}): (a) all words used herein

shall be construed to be of such gender or number (singular or plural} as the

circumstances require; (b) the singular terms "a”,

|13 n

an", and "the", as used in the

specification and the appended claims include plural references unless the context clearly
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dictates otherwise; (c) the antecedent term "about” applied to a recited range or value
denotes an approximation within the deviation in the range or value known or expected
in the art from the measurements method; (d) the words "herein", "hereby", "hereof”,
"hereto", "hereinbefore”, and "hereinafter", and words of similar import, refer to this
specification in its entirety and not to any particular paragraph, claim or other subdivision,
unless otherwise specified; (e) descriptive headings are for convenience only and shall
not control or affect the meaning or construction of any part of the specification; and (f)
"or" and "any” are not exclusive and "include" and "including" are not limiting. Further,
the terms "comprising," "having," "including," and "containing" are to be construed as

open-ended terms (i.e., meaning "including, but not limited to,"} unless otherwise noted.

(0058] Recitation of ranges of values herein are merely intended to serve as 3 shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification
as if it were individually recited herein. Where a specific range of values is provided, itis
understood that each intervening value, to the tenth of the unit of the lower limit unless
the context clearly dictates otherwise, between the upper and lower limit of that range
and any other stated or intervening value in that stated range, is included therein. All
smaller sub ranges are also included. The upper and lower limits of these smaller ranges

are also included therein, subject to any specifically excluded limit in the stated range.

[0059] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the relevant art.
Although any methods and materials similar or equivalent to those described herein can
also be used, the acceptable methods and materials are now described.

Definitions:
f0060] AP — Access Point; a Wi-Fi device that allows wireless access to a network. It has

an SSID.

CA 2907450 2019-12-19



[0061] DNS — Domain Name Service. The network service and protocol to resolve 1P
addresses from hostnames.

[0062] FDM — Flight Data Monitoring

(0063] FSM - Finite State Machine

[0064] Hotspot — a commonly used term f_or a wireless access point that connects clients
to the Internet. It can link or route using, for example, but not limited to, celiular or
Wireless Fidelity (Wi-Fi).

(0065] IP - Internet Protocol

(0066] LAN - Local Area Network

(0067] MAN — Metropolitan Area Network

(0068] mDNS — Multicast Domain Name Service

[0069] Personal Hotspot — a term used to describe a hotspot that can be created by a
user. Itthen functions as a wireless access point that connects a client to the Internet. It
can link or route using, for example, but not limited to, cellular 6r Wi-Fi.

(0070] SD —Service Discovery

(0071] SSID — Service Set Identifier; a public name for a Wi-Fi network.

(0072] TCP —Transmission Control Protocol, a connection-oriented protocol over IP.

(0073] UDP — User-Datagram Protocol, a connectionless protocof over IP.

(0074] WAN — Wide Area Network.

[0075] WLAN - Wireless Local Area Network

[0076] WPA2 — Wi-Fi Protected Access 2, a security method for Wi-Fi Access Points.

[0077] Zero-Configuration — when a service on a network can be found by service name
withoutthe client knowing in advance the P address or port number. Also referred to as
autonetwork discovery.

(0078] Cloud refers to cloud computing which is the use of computing resources
(hardware and software) that are delivered as a service over a network (typically the

Internet).

Detailed Description:

10
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[0079] One embodiment of an aircraft flight data monitoring and reporting system,
generally referred to as 10 is shown in Figure 1. The system 10 includes a flight data
recording and reporting unit 12 that communicates via a wireless communication link 14.
The wireless communication link may be, for example, but not limited to, Wi-Fi, a VHF
(Very High Frequency) communication link, an HF {High Frequency) communication link,
or a Satcom (satellite communication) link. The wireless communication link 14 transmits
to and from a network 16, for example, but not limited to a local area network, a
metropolitan area network or a wide area network (LAN, MAN or WAN, respectively)
which in turn transmits to and from a fixed base station 18 using a network and a zero-
configuration service discoverer 20. The fixed base station 18 then communicates via the
internet 24, with a flight data monitoring storage and analysis unit 26, whichis preferably
in a cloud 28. In the case where a Satcom 15 link is used, the flight data recording and
reporting unitinteracts directly, via Satcom 15, with a web-based (internet 24) flight data

monitoring storage and analysis unit 26. Communication is bi-directional.

[0080] Another embodiment of an aircraft flight data monitoring and reporting system,
generally referred to as 30, is shown in Figure 2. The system 30 includes a flight data
recording and reporting unit 32 that communicates with a wireless communication link
34. The wireless communication link 34 transmits to a network 36, for example, but not
limited to alocal area network, a metropolitan area network or a wide area network (LAN,
MAN or WAN, respectively) which in turn transmits to a fixed base station 38 and to a
mobile or fixed observation station 42 using a network and a zero-configuration service
discoverer 40. The fixed base station 38 then communicates via the internet 44 to a flight
data monitoring storage and analysis unit 46, which is preferably in & cloud 48.

Communication is bi-directional.

(0081] Another embodiment of an aircraft flight data monitoring and reporting system,
generally referred to as 50, is shown in Figure 3. The system 50 includes a flight data
recording and reporting unit 52 that communicates with a wireless communication link

54. The wireless communication link 54 transmits to a network 56, for example, but not

11
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limited to alocal area network, a metropolitan area network or a wide area network {LAN,
MAN or WAN, respectively) which in turn transmits to a mobile base station 62 using a
network via a zero-configuration service discoverer 60. The mobile base station 62 then
communicates via the internet 64, to a flight data monitoring storage and analysis unit

66, which is preferably in a cloud 6&. Communication is bi-directional.

(0082] Another embodiment of an aircraft flight data monitoring and reporting system,
generally referred to as 70, is shown in Figure 4. The system 70 includes & flight data
recording and reporting unit 72 that communicates with a mobile base station 82 with
personal hotspot 83 using a zero-configuration service discoverer 80. The mokiie base
station 82 then communicates via the internet 84, to a flight data monitoring storage and

analysis unit 86, which is preferably in a cloud 88. Communication is bi-directional.

[0083] Another embodiment of an aircraft flight data monitoring and reporting system,
generally referred to as 90, is shown in Figure 5. The system 90 includes a flight data

recording and reporting unit 92 that communicates with a mobile base station 102 via a
second mobile device 103, which also provides internet access by one or more of a
personal hotspot 105 and Wi-Fi access point 107 using a zero-configuration service
discoverer 100. The mobile base station 102 then communicates via the internet 104, to
a flight data monitoring storage and analysis unit 106, which is preferably in a cloud 108.

Communication is bi-directional.

(0084] As shown in Figure 6, the fixed base stations 18, 38 and the mobile base stations
62, 82, 102 act as an intermediary cache, where some data processing occurs, however
the main role is to safely and securely copy the flight data from the flight data reccrding
and reporting unit 12, 32, 52, 72, 92 and send it, via the internet 24, 44, 64, 84, 104 to
storage in the flight data monitoring storage and analysis unit 26, 46, 66, 86, 106,

preferably in a cloud 28, 48, 68, 88, 108. In order to do this, the fixed base station 18, 38,

12
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the mobile base stations 62,82, 102'and op;tiohally, the observation station 42 locate the
flight data recording and réportingunit 12, 32, 52, 72, 92, they report their condition, for
example, available, or uploading to another base station 18, 38,62,82,102,toa use\r 200,
the user 200 decides which flight data recording andlreporting unit 12, 32, 52, 72,9210
connect to and manually initiates a download. Once the data reaches the flligh"t data
monitoring storage and analysis unit 26, 46, 66, 86, 106, the flight log recérds are
processed into whole flights and prepared for analysis and playback. The observation
station 42 communicates with the flight data monitoring storagé'and analysis unit 26, 46,
66, 86, 106. Thefixed base station 18, 38, the mobile or fixed observation station 42 and
the mobile base stations 62, 82, 102 may include a central processing unit 400, and the
zero-configuration service discoverer 20, 40, 60, 80, 100. The user may use a personal

hotspot 83 to assist in the data transfer.

[0085] The zero-configuration service discoverer 20is a zero configuration multicast DNS
standard (mDNS) with DNS-SD Service Discovery (Internet Engineering Task Force
standard IETF RFC-6762 {mDNS). DNS-SD is IETF RFC-6763), and is collectively commonly
known as Bonjour®. By adopting the zero-configuration service discoverer 20, the fixed
base station 18, 38, the mobile or fixed observation station 42 and the mobile-base station
62, 82,102 auto-discover the presence of one or more flight data recording and reporting
units 52, 72, 92 on the network 56 or personal hotspot 83 or second mobile device 103
that provides access with the personal hotspot 105 or Wi-Fi access point 107. Thisallows
the base station 62, 82, 102 or mobile or fixed observation station 42 to discover the IP
address that was assigned to the flight data recording and reporting unit 12, 32, 52, 72,
92. The flight data recording and reporting unit 12, 32, 52, 72, 92 does not need to know
what IP address is assigned to the base station 18, 38, 62, 82, 102 or mobile or fixed
observation station 42 ahead of time. Thissolvesthe problem of connectingto or creating

a hotspot with an indeterminate [P address.

(0086] Note that Bonjour is only exemplary. Bonjour is Apple's implementation of Zero

configuration networking {Zeroconf), a group of technologies that includes service

13
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discovery, address assignment, and hostname resolution. Bonjour locates devices such as
printers, other computers, and the services that those devices offer on a local network
using multicast Domain Name System (mDNS) service records. Zero configuration
networking (zeroconf) is a set of techniques that automatically creates a usable Internet
Protocol (IP) network without manual operator intervention or special configuration

servers.

[0087] Zero configuration networking allows devices such as computers and printers to
connect to a network automatically. Without zero configuration, a network administrator
must set up services, such as Dynamic Host Configuration Protocol {DHCP) and Domain
Name System (DNS), or configure each computer's network settings manually, which may
be difficult and time-consuming. Thus, Bonjour is simply an example of a grouping of
technologies to provide the foregoing technologies. The grouping may be provided as a
single unit or a number of units, which together provide all the capabilities. To be clear,
with these capabilities, the base station 62, 82, 102 requires no advanced knowledge of

the flight data monitoring storage and analysis unit 26, 46, 66, 86, 106 address.

[0088) This then allows the base station 62, 82, 102 to communicate via the internet 24,
44, 64, 84, 104 to the flight data monitoring storage and analysis unit 26, 46, 66, 86, 106
providing real time FSM heuristics monitoring and real time reporting systeh. This also
allows the base station 62, 82, 102 fo act as proxy or 2-way relay unit for direct (proxy’d)
communications between the flight data monitoring storage and analysis unit 26, 46, 66,
86, 106 unit if desired. The algorithms used provide identification of abnormal events and
cause a trigger if a condition is exceeded. The system 10 is configured to provide data
collection, analysis, identification of abnormal events and triggering if a condition is

exceeded for both fixed wing aircraft and helicopters.

[0089] In all embodiments, the flight data recording and reporting unit 12, 32,52, 72,92
is configured to monitor flight crew compliance with a set of Standard Operating

Procedures adaptable to different flight operation types. It captures occurrences that
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take place during flight, even those which the crews are unaware of, and it identifies
issues irrespective of acompany’s reporting culture. it provides a flexible tool for building
Flight Data Monitoring {FDM) into existing avionics systems both with and without
existing data monitoring appliances and includes Air Data and Attitude Heading and
Reference Systems (ADHRS), Quick Access Recorder (QAR), Wireless Data Link (WDL),
Read Out Subscriber Equipment (ROSE), and Flight Data Recorder (FDR). itincludes FSM
heuristics monitoring and a real time reporting system so that data are transmitted
automatically to a local satellite transceiver, the fixed base station 18, the fixed base
station 38 and the mobile or fixed ohservation station 42 or the mobile base station 62,

82, 102.

[0090] The device provides multiple inputs (digital and analog and serial bus) for
gathering data from sensory equipmentinstalled in the aircraft. It is designed to perform
data gathering and live event notification. Remotely configurable operating parameters
allow for event message generation or control of the built in outputs when specific
conditions are met based on the state of the sensory inputs. Conditions such as but not
limited to, GPS position, altitude, groundspeed, accelerations (load factor), attitude (roll,

pitch, yaw), heading and air data (air speed, pressure, and altitude) are monitored.

[0091] As shownin Figure 7,in generalterms, the flight data recording and reporting unit
12, 32, 52, 72, 92 may interface to a Flight Management System Computer (FMSC) 300,
an input device 302 connected to the FMSC 300, and a display device 304 connected to
the FMSC 300. The input device 302 may be used to load navigation information into the
FMSC 300. Such information may include, for example, the latitude and longitude of
various waypoints, airports, and navigational aids associated with the flight plan. The
FMSC 300 may process the navigation information and forward the navigation
information to the display device 304, The display device 304 may provide a visual
indication of the various waypoints and airports, and the distances and headings between
the waypoints, airports and navigational aids. During a flight, the FMSC 300 may receive

flight data information from the flight data recording and reporting unit 12, 32, 52, 72,
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92, process the flight data information, and forward the flight data informationr to the

display device 304 for real-time display or to another display device that is p.'cv»sitioned in

the aircraft and is directly linked to the flight data recording and reporting unit 12, 32,

52,72,92 .

(0092]

As shown in Figure 8, in all embodiments, the flight data recording and reporting

unit 12,32, 52, 72,92 more specifically includes a battery backup 306 andinternal sensors

to monitor the conditionsincluding a 3-axis accelerometer 308, a 3-axis gyroscope 310, a

solid-state compass 312, pitot pressure sensor 314, static pressure sensor 316,

differential pressure sensor 318 and a temperature sensor 320. An inertial measurement

unit (IMU) 322 capable of providing inertial loads including heading, yaw, pitch, and roll

values is provided. A GPS feed 324 or an internal GPS is also provided. An internal real-

time clock 326 with no main power connection is aiso provided. The value of the real

time clock is used to timestamp atl the logged data.

(0093]

Internal trigger settings monitor and repo:t internally triggered events. Thus,

reports such as the following can be reported based on the data collected:

(0094]
(0095]
[0096]
(0097]
[0098]
(0099]
[00100]
(00101]
(00102]
(00103}

Engine cycles/engine hours;

Flight Cycles/flight hours;

Overspeed;

VSI (vertical speedindicator);

Bank angle;

Hard landing;

Height above ground (min/max);

Distance flown;

Scheduled tracking reports based on the primary reporting interval setting;

Position reports, including startup position; with a specific tag for startup as soon

as it achieves a position fix after a power on condition; including Engine on/off cycles,

engine hours, Flight cycles (# of take offs and landings), Flight hours, Distance flown.

(00104]

Heuristic landing event report, based on the configured speed variables;
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[00105])  Heuristic take-off event report, based on the configured speed variables; -

[00106] Elevation change report, including special reports for exceptions;

[00107] Geo fence exception report; |

[00108] Stationary or lack of movement report;

[00109]  Altitude report, including reporting at a Secondary Reporting interval rate when
below a specified altitude threshold. Above the altitude threshold the Primary Reporting
Interval is in effect;

[00110] Data logging without transmission of position;

[00111} Emergency state reporting;

[00112]) Ignition input controlled low power mode report; and

[00113] Heartbeat Mode reporting.

[00114] Other capabilities include providing:Air Data and Attitude Heading ars:-d Reference
Systems, Sensor telemetry and Quantitative Analysis Report generated and transmitted
toremotely located stakeholders in the aircraft’s operational aspects. Post mission flight
visualizationis also provided toremotely located stakeholders in the aircraft’s operational

aspects via the observation station 42, whether fixed or mobile.

[00115]) Health and usage monitoring systems {HUMS) and/or Engine Trend Monitoring
{ETM) is also supported. Each represent a basic data acquisition collection, analysis and
sometimes onboard display system. Usually ETM and HUMS syétems are very specialized
to a particular aircraft and engine (powerplant) data collection for maintenance purposes,
unlike FDR and FDAU equipment that are typically focused on flight safety operations.
The flight data recording and reporting unit 12, 32, 52, 72, 92 bridges a gap in both aircraft
maintenance and flight operations by providing a means of concentrating either or both
of these specialized on-board data collection systems and facilitating the transfer of the
data to the appropriate stakeholder in either real-time alerts or automated bulk data

transfer. Engine data goes to an engine maintenance facility for Maintenance Operations
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Quality Assurance {MOQA) and flight operations data to a safety and logistics specialist

department for Flight Operations Quality Assurance (FOQA).

[00116]) As shown in Figure 8, a central processor 328 of the flight data recording and
reporting unit 12, 32, 52, 72, 92, has a communication protocol and handling methods
that operate between it and a communications module 330 that provides the capability
for bi-directional communication. The communications module can communicate to a
Satcom, Wi-Fi, or USB. The architecture that controls both is internal, while the actual
communication means may be internal or external. The central processor has
instructions to pick the most appropriate communication medium, in other words,
practices pervasive networking - it exploits multiple methods to ensure datais transferred

to the appropriate stakeholder in a time appropriate manner.

[00117]  Wi-Fi communications between the flight data recording and reporting unit 12,
32,52,72,92 and the base station 18, 38, 62, 82, 102 is inherently 2-way via TCP/IP and

common networking protocols.

[00118] The base station 18, 38, 62, 82, 102 as well as the observation station 42 and the
flight data monitoring storage and analysis unit 46, 66, 86, 106 are all using common TCP

- based networking protocols which are all inherently 2-way.

[00119] The base station 18,38 62, 82, 102 is an installed software application that acts as
adata relay point for log files being downloaded from a flight data recording and reporting
unit 12, 32, 52, 72, 92. The base station 18, 38 62, 82, 102 can be a temporary station on
tablets and mobile devices for ad hoc purposes and more immediate data transferin a

limitless number of locations.

[00120] The connection between the base station 18, 38 62, 82, 102 and the flight data
recording and reporting unit 12, 32, 52, 72, 92 is established via the zero-configuration

automated process. Once a connection has been established, the base station18, 38 62,
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82, 102 receives the data logs from the flight data recording and reporting unit 12, 32,
52,72, 92 and uploads them to flight data monitoring storage and analysis unit:46, 66, 86,
106 via a secured link over the public internet 24, 44, 64, 84, 104. When those files have
been acknowledged as received by the data centre, the download is confirmed back to
the flight data recording and reporting unit 12, 32, 52, 72, 92 and the log files are erased

on the flight datarecordingandreporting unit 12, 32, 52, 72, 92,

[00121) To be clear, there is a requester and a listener component in the zero-
configuration service discoverer 60. There is no master-slave relationship between any
of the base station 18, 38 62, 82, 102, the flight data recording and reporting unit 12, 32,
52, 72, 92 and the observation station 42 ~ each of them can perform the requester
function and each of them can perform the listener function. Once a request for an P
address has been sent, and the listener hears the request, IP addresses are shared. Once
the IP addresses are shared, it is arbitrary which is considered the server and which is

considered the client.

[00122] The base station 18, 38 62, 82, 102 has a secondary role as an installation,
configuration and maintenance tool. While connected to the flight data recording and
reporting unit 12,32,52,72,92, the base station 18,33 62,82, 102 can be used to upload
new configurations, perform !MU calibrations and even retrieve the “last line read” (ROSE
functionality) from the onboard bus and other systems that the flight data recording and

reporting unit 12, 32, 52, 72, 92 is recording. This may be via Wi-Fi.

[00123] More specifically, ROSE functionality is combined in the base station 18, 3862, 82,
102 with the ability to do other service routines to the flight data recording and reporting
unit 12, 32, 52, 72, 92. This is done over a Wi-Fi connection. The flight data recording
and reporting unit 12, 32, 52, 72, 92 and the base station 18,38 62, 82, 102 automates
this. There is no need for maintenance personnel to attend the base station 18, 38 62,

82,102, unless they are performing service on the flight datarecording and reporting unit
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12,32, 52, 72,92 such as firmware or configuration settings updates, or using the Last

Line Read (ROSE) function.

[00124) The observation station 42 is an application for the analyéis, r'éporting and
visualization of the flight data recording and reporting unit 12, 32, 52, 72, 92 log fites. The
observation station 42 is a server ba“sed application (with a browser based user interface)
that translates raw flight data recording and reporting unit 12, 32, 52, 72, 92 log files
based on pre-configured templates, identifies flights, events and exceedances based on
rules defined by the user and displays suﬁmary reports of the data and ali‘bws for full
data analysis including graphing and three dimensional (3D) flight playback. Any logged

data can be displayed in the observation station 42 if it can be graphed against a time

series.

[00125]  While various exemplary embodiments are discussed and contemplated herein,
the present disclosure provides many concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed herein are, therefore, merely
illustrative of specific ways to make and use the invention as ultimately claimed and are
not meant to limit the invention in any way. Accordingly, for the ease of discussion,
systems and methods for collecting, analyzing and reporting flight data embodiments are
described below, as exemplary embodiments, and the description of specific exemplary

embodiments is not intended to limit the exemplary embodiments disclosed herein.

Example 1:

[00126) This scenario is the most common scenario for a routine flight, returning to a home
base hangar. Aregularly scheduled flight lands and the pilot 200 taxis to the maintenance
hangar nearby. Because data transfer is automated, the shutdown procedure does not
require special steps to accommodate the offioading of the flight data from the flight data
recording and reporting unit 12, 32, 52, 72, 92 installed in the aircraft to monitor strain

on its airframe as well as to analyze runway approaches at the airport. The system is
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setup to trigger the flight data recording and reporting unit 12, 32, 52, 72, 92 to

commence uploading its data.

[00127] The aircraft is stopped at the hangar. The flight data recording and reporting unit
12, 32,52, 72, 92 connects to the Wi-Fi network 56, with an SSID and a pass-phrase. The
wireless communication link (Wi-Fi access point) 54 {see Figure 6) is mounted near to the
hangar and so the signalis strong. The flight data recording and reporting unit 12, 32, 52,
72, 92 connects and then attempts to open a connection to a base station 62, 82, 102.
The base station 62, 82, 102 is online and the flight data recording and reporting unit 12,
32,52, 72, 92 connects to it. The flight data recording and reporting unit 12; 32,52, 72,

92 follows a protocol and begins uploading its flight log to the base station 62, 82, 102.

(00128] The pilot 200 is keen to examine his approach at the airport on the last leg. He
wants to verify that the flight data recording and reporting unit 12, 32, 52, 72, 32 is
uploading to the base station 62, 82, 102. The pilot 200 takes out his mobile device, which
in this case is an iPhone®, checks that its Wi-Fi is connected to the appropriate netwerk,
which it is, and taps on the mobile base station application to open a mobile base station
62, 82, 102 or mobile or fixed observation station 42. Within a few seconds of the
application launch, it lists two flight data recording and reporting unit 12, 32, 52, 72, 92
on the network. One is labeled as his aircraft. He sees that its status is ‘Uploading’. He
continues to monitor the application. In a moment, the status of the flight data recording
and reporting unit 12, 32, 52, 72, 92 changes from ‘Uploading’ to ‘Upload Complete’. The
flight data recording and reporting unit 12, 32, 52, 72, 92 has finished uploading the data
and it will soon be available on the flight data monitoring storage and analysis unit 26, 46,

66, 86, 106 web application for analysis and flight playback.

Example 2:
[00129] The pilot 200 was asked to pilot a charter flight to a temporary airstrip. Staff are

required to download the flight data monitoring records after each flight. After the flight,
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the pilot 200 lands the aircraft and taxis to a stop on the dirt runway. After the passengers
exit the aircraft, the pilot 200 takes out his mobile device, which in this case is an iPad®,
to use as the mobile base station 62, 82, 102 to retrieve the flight data from the onboard

flight data recording and reporting unit 12, 32, 52, 72, 92.

[00130] There is no Wi-Fi network in the area, but there is a strong LTE cellular data
network. The pilot 200 creates a personal hotspot 83 Wi-Fi access point using his iPad,
by first setting his iPad name to the SSID needed for the onboard flight data recording and
reporting unit 12, 32, 52, 72, 92 to communicate and sets the Wi-Fi hotspot pass-phrase

to the appropriate pass-phrase.

[00131] He then taps on the mobile base station application to open a mobile base
station62, 82, 102. The pilot 200 can view the onboard flight data recording and reporting
unit 12, 32, 52, 72, 92 information on the iPad. The onboard flight data recording and
reporting unit 12, 32, 52, 72, 92 has a status of ‘Ready’ — meaning it can be connectad to
download flight logs. The pilot 200 taps on the mobile base station 62, 82, 102 and seiects
the command to download its flight data. The application runs the download. As it is

downloading, it is also uploading tc the Internet-based flight data monitoring storage and

analysis unit, 66, 86, 106.

[00132] Thereafter, the transfer completes, the pilot 200 turns off the personal hotspot on
his iPad and shuts down the iPad mobile base station application. He completes the

aircraft shutdown procedure.

[00133] Later, the pilot uses a Wi-Fi Internet connection as his wireless communication
link 54 to view the flight data log. He logs into the flight data monitoring storage and
analysis unit 26, 46, 66, 86, 106 web application from his iPad’s web browser and views

the report of his last flight.

Example 3:
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[00134] The following are the steps taken in the most common scenario:

The aircraft lands, taxis to the hangar and stops. The aircraft dooropens, or park brake is applied
and this triggers the onboard flight data recording and reporting unit 12, 32, 52, 72, 52 to connect
to a base station 62, 82, 102 and uploads its flight log (payload).

1. The onboard flight data recording and reporting unit 12, 32, 52, 72, 92 detects the Wi-Fi
network 16, 36, 56, sees that it matches the SSID it wants and signs into the network using
the WPA2 pass-phrase it has. An IP address is assigned to the onboard flighft data

recording and reporting unit 12, 32,52, 72, 92.

2. The onboard flight data recording and reporting unit 12, 32, 52, 72, 92 follows mDNS

protocol to establish a local link host name for it.

3. The onboeard flight data recording and reporting unit 12, 32, 52, 72, 92 sends a Bonjour

registration. Its UDP status service port is available to receive requests.

4. Theonboard flight data recording and reporting unit 12, 32, 52, 72, 92 sends a multicast

‘busy’ status on the network using UDP port matching the service port, above.
S, It now attempts to connect to the preconfigured base station server (IP-address, port). ft
successfully connects then initiates upload of its flight records to the base station 62, 82,

102.

6. Meanwhile, it is servicing any UDP requests for its status, accepting UDP request on the

service port it registered.
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7. Theupload completes, and so the onboard flight data recording and reporting unit 12, 32,
52, 72, 92 sends a multicast status update, closes the connection to the base station 62,

82,102,

8. It then creates a mobile base station socket service, and registers this service with

Bonjour,

9. Theonboard flight data recording and reporting unit 12, 32, 52, 72, 92 sends a multicast
of its status and then waits for a timeout period for new any new client connection. None
are received, so the onboard flight data recording and reporting unit 12, 32, 52, 72, 92

shuts down.

Alternative flows:

i) In Step 5, the onboard flight data recording and reporting unit 12, 32, 52, 72, 92 could not

connect to the base station server. It then skips to step 8.

ii) In Step 5, the onboard flight data recording and reporting unit 12,32, 52, 72, 92 didn’t have

an optionally set IP address and port number for a base station configured — it skips to step

8.

Example 4:

[00135] in another scenario, the aircraft lands and a user 200 wishes to perform manual
request to offload the onboard flight data recording and reporting unit 12, 32, 52, 72,92
flight data logs. The user uses a mobile base station 62, 82, 102 connected to the local Wi-
Fi access point 54, 107 (see Figure 6). The aircraft may be at a remote airstrip and the

operators wish to examine the flight logs, and don’thave a regular base station nearby.

[00136] Inthis ‘zero’ configuration scenario, the user 200 starts up a mobile edition of the

base station 62, 82, 102 on a mobile device, such as iPad, iPhone or Android® phone or
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tablet. To prevent unauthorized access, the mobile base station 62, 82, 102 requires that

the user 200 had successfully authenticated through the service provider’s Internet

services 64, 84, 104, and will cache the credentials.

[00137]) The steps are the same as previously described, except when it gets to Step 5, the

onboard flight data recording and reporting unit 12, 32, 52, 72, 92 will fail to tohnect to

the main base station 18 so the onboard flight data recording and reporting unit 12, 32,

52,72, 92 skips down to step 8:

1.

CA 2907450 2019-12-19

When the user 200 launches the mobile base station 62, 82, 102, it starts
looking for a Bonjour service on the network 56. [t sees that the onBoard
flight data recording and reporting unit 12,32, 52, 72, 92 has registéred itself
with Bonjour. The application presents this onboard flight data recording and
reporting unit 12, 32, 52, 72, 92 to the user in a list of possible onboard flight
data recording and reporting units 52, 72, 92 present on the local area
network 56.

The application, behind the scenes, has not only detected the presence of the
onboard flight data recording and reporting unit 12, 32, 52, 72, 92, but using
the now known UDP/IP address and Port number, the mobile base station
application makes a user datagram request for the status of the oenboard flight
data recording and reporting unit 12, 32,52, 72, 92.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92 receives
the status request, and issues a UDP multicast of its status, as “ready”.

The mobile base station 62, 82, 102 displays the updated status on the
application, and then the user 200 initiates arequest to download the onboard
flight data recording and reporting unit 12, 32, 52, 72, 92 flight data. The
mobile base station 62, 82; 102 had looked up the Bonjour service registration
for this onboard flight data recording and reporting unit 12, 32, 52,.72, 92 to

know how to connect to its TCP socket.
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5. The onboard flight data recordingandreporting unit 12, 32, 52, 72,92 accepts
the single TCP/IP socket connection. When the mobile base station 62, 82,
102 has completed the tasks, it closes the connection to the onboard flight
data recording and reporting unit 12, 32, 52, 72, 92. It closes the connection
to the cloud storage when it. Has completed pushing the flight log files up to
the flight data monitoring storage and analysis unit 26, 46, 66, 86, 106 in the
cloud storage service 68, 88, 108. '
Alternative flow:

L. In Step 4, the onboard flight data recordingand reporting unit 12, 32,
52,72, 92 times out w‘éiting for a TCP/IP client to connect to it,
having broadcasted via Bo:njour its service availability. It ‘ti‘més out

and shuts down.
i1, In Step 2, the mobile station 62, 82, 102 fails to find any available
onboard flight data recording and reporting units 52, 72, 92 on the
network 56. It doesn’t display any to the user. The user quits the

application.

Example 5:

[00138] Inthis scenario, the user 200 will download the onboard flight data recording and
reporting unit 12, 32, 52, 72, 92 flight data using a personal hotspot 83, 105, 107 Wi-Fi
network. No Wi-Fi network with the organization’s known Wi-Fi network SSID is available
nearby, either because it’s not physically there, or is shutdown. The user wants to send
the onboard flight data recording and reporting unit 12, 32, 52, 72, 92 data and put it up
into the flight data monitoring storage and analysis unit 26, 46, 66, 86, 106 in the cloud
storage 68, 88, 108 for analytical processing.

6. The aircraft taxis in and terminates the flight. The onboard flight data
recording and reporting unit 12, 32, 52, 72, 92 is triggered to attempt to

offload its data collected.
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10.

11.

12.

13.

14.

15.
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The onboard flight data recording and reporting unit 12, 32, 52, 72, 92 first
establishes connectivity to the Wi-Fi network 56 it is configured to connect to.
In this case it does not yet see any Wi-Fi networks 56 available. It waits for a
set period, scanning for Wi-Fi networks 56.

The user 200 of the mobite base station 62, 82, 102 configures a mobile device
SSID to match the preconfigured SSID that the onboard flight data recording
and reporting unit 12, 32, 52, 72, 92 is configured with. The user 200 then sets
the password to match the preconfigured password for that network.

The user 200 turns on the personal hotspot 83, 105, 107 Wi-Fi network 56 on
their mobile device.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 392 now
detects the Wi-Fi network 56, sees that it matches what it wants and logsinto
the network. An IP address is assigned to the onboard flight data recording
and reporting unit 12, 32, 52, 72, 92.

At this point the flow follows the same as previous use-cases. Only this time,
there will be no main base station 18 available, but the onboard flight data
recording and reporting unit 12, 32, 52, 72, 92 does not know that and follows
normal path.

Next, the onboard flight data recording and reporting unit 12, 32, 52, 72, 92
uses mDNS protocol to establish a local link host name for it.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92 sends
a Bonjour registration for its UDP status service port.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92
multicasts a ‘busy’ status on the network using UDP port matching the service
port, above,

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92
attempts to connect to the main base station (fixed base station) 18, but

attempts to connect fail.

27



16.

17.
18.

19.

20.

21.

22.

23.

Example 6:
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The onboard flight data recording and reporting unit 12, 32,52, 72, 92 creates
a server socket to accept a single client, and then the onboard flight data
recording and reporting unit 12, 32, 52, 72, 92 registers its service name with
a service type base, setting up the port and hostname in the Bonjour
registration.

Next, the user 200 runs the mobile base station 62, 82, 102 application.

The mobile base station 62, 82, 102 application interrogates the local
network56 looking for flightdmp service types.

it sees the onboard flight data recording and reporting unit 12, 32, 52, 72, 92.
It sends a UDP status request to the onboard flight data recording and
reporting unit 12, 32,52, 72, 92, and displays the onboard flight data recording
and reporting unit 12, 32,52, 72, 92 and its status to the user 200.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92
responds that it is “ready”, perhaps providing details of size of data stored not
yet retrieved.

The user 200 selects to download the data from the onboard flight data
recording and reporting unit 12, 32, 52, 72, 92. It connects to the TCP service
port of the onboard flight data recording and reporting unit 12,32, 52, 72, 92
and issues commands to commence download. The onboard flight data
recordingand reporting unit 12, 32, 52, 72, 92 multicasts a ‘busy’ status on its
UDP service port.

The download completes and the mobile base station 62, 82, 102 closes the
connectionto the onboard flight data recording and reporting unit 12, 32, 52,
72,92.

The onboard flight data recording and reporting unit 12, 32, 52, 72, 92
multicasts a ‘ready’ status. It then waits for a time veriod for any new service

requests; otherwise shuts down.
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[00139] In this scenario, the onboard flight data recording and reporting unit 12, 32, 52,
72, 92 fails to reach any base station and shuts down after attempting connection after
a period of time.

24, The onboard flight data recording and reporting unit 12, 32, 52, 72, 92
successfully connects to a Wi-Fi network with matching SSID, using the correct
WPA2 pass phrase. It is dynamically assigned an |P address.

25. The onboard flightdatarecording and reportingunit 12, 32,52, 72, 82 setsup
its mDNS entries -firstsetting up its hostname local-link entry theri registering
its UDP Bonjour Service.

26. It then broadcasts itself on the network, its ‘ready' status - announcing its
presence {this is the requestor function). However, no mobile base station
clients are attempting to connect to the onboard flight data recording and
reporting unit 12, 32, 52, 72, 92 (there is no listener).

27. After a timeout period, the onboard flight data recording and reporting unit
12, 32, 52, 72, 92 shuts down having not had a client mobile base station

connect to it.

Example 7;

[00140] In this scenario the aircraft is in flight and an onboard sensor or signal triggers a
threshold exceedance to or within the flight data recording and reporting unit 12, 32, 52,
72, 92. The flight data recording and reporting unit 12, 32, 52, 72, 92 then issues an alert
or event message to the Satcom and/or satellite communications device (wireless
communication link 14, 15} to relay this information to the flight data monitoring storage
and analysis unit 26, 46, 66, 86, 106. The flight data monitoring storage and analysis unit
26, 46, 66, 86, 106 can in turn automatically notify all stakeholders in the aircrafts
operation. Total latency for this process is measured in the seconds regardless of location

of the aircraft and the stakeholder(s).

Example 8:
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[00141]) Similar to example 7, however the remote stakeholder may be a maintenance
person that requires further information about the e){céédénce‘ event he/she just
received. This person can issue a special request back through the flight data monitoring
storage and analysis unit 26, 46, 66, 86, 106 via the satcom (wireless communication link
14, 15) (Figure 1) and to the flight data recording and reporting unit 12, 32, 52, 72, 92.
The flight data recording and reporting unit 12, 32, 52, 72, 92 then fulfils the remote
(Mobile Terminated) request by creating a new message with the additional details and
sends it back to the satcom (wireless communication link 14, 15) to relay back to the

requesting person.

[00142) All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exerﬁplary language {e.g., "such as") provided herein, is intended
merely to better illuminate the example embodiments and does not pose a limitation on
the scope of the claimed invention unless otherwise claimed. No language in the

specification should be construed as indicating any non-claimed element as essential.

[00143] Advantages of the exemplary embodiments described herein may be realized and
attained by means of the instrumentalities and combinations particularly pointed out in
this written description. It is to be understood that the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the claims below. While example embodiments have been described in
detail, the foregoing description is in all aspects illustrative and not restrictive. It is
understood that numerous other modifications and variations can be devised without

departing from the scope of the example embodiment.

[00144]  While example embodiments have been described in connection with what is
presently considered to be an example of a possible, most practical and/or suitable

embodiment, it is to be understood that the descriptions are not to be limited to the
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disclosed embodiments, but on the contrary, are intended to cover various modifications
and equivalent arrangements included within the scope of the example embodiment.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific example embodiments specifically
described herein. Such equivalents are intended to be encompassed in the scope of the

claims, if appended hereto or subsequently filed.

31

CA 2907450 2019-12-19



CLAIVIS

1. An aircraft flight data monitoring and reporting system, the system comprising: an onboard
flight data recording and reporting unit; a remote flight data monitoring storage and analysis unit;
a base station, which is a software application, the software application configured to copy and
cache data from the onboard flight data recording and reporting unit and relay the cached data
to the remote flight data monitoring, storage and analysis unit; a handheld device, the handheld
device including the software application; a Satcom (satellite communication) fink for transfer of
data from the onboard flight data recording and reporting unit and the remote flight data
monitoring, storage and analysis unit; and Wi-Fi, a network and an internet network, wherein the
Wi-Fi and the network are for transfer of data to and from the onboard flight data recording and
reporting unit and the base station; and the internet network is for transfer of data to and from

the base station and the remote flight data monitoring, storage and analysis unit.

2. The system of claim 1, wherein the base station is an onboard base station.

3. The system of claim 1 or 2, wherein the base station is a temporary base station.

4. The system of claim 3, wherein the temporary base station is configured to autonomously

detect, connect with and transfer data to and from the flight data recording and reporting unit.

5. The system of claim 3 or 4, wherein the temporary base station is configured to autonomously
instruct the flight data recording and reporting unit to delete datatransferred to the remote flight

data monitoring storage and analysis unit.

6. The system of any one of claims 1 to 5, further comprising a Flight Management System

Computer (FMSC), an input device connected to the FMSC, and a display device.

7. The system of any one of claims 1 to 6, wherein the onboard flight data recording and reporting
unit is configured to provide Fiight Data Monitoring (FOM), including Air Data and Attitude
Headingand Reference Systems {ADHRS), Quick AccessRecorder{QAR), Wireless Data Link (WDL),
Read Out Subscriber Equipment (ROSE}, Flight Data Recorder {FDR) and engine data.

8. The system of any one of claims 1 to 7, whereinthe onboard flight data recording and reporting
unit further comprises Finite State Machine heuristics monitoring and a real-time reporting

system.
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9. The system of any one of claims 1to 8, wherein the system is configured to provide post mission

flight visualization.

10. The system of any one of claims 3 to 5, further comprising a zero-configuration service
discoverer, wherein the zero-configuration service discoverer is for auto-discovering and
subsequent automated bidirectional communications between the onboard flight data recording

and reporting unit and the temporary base station.

11. The system of any one of claims 3 to 5, wherein the temporary base station is configured to
copy and cache Flight Data Monitoring {FDM) data, including Air Data and Attitude Heading and
Reference Systems (ADHRS), Quick Access Recorder (QAR), Wireless Data Link {WDL), Read Out
Subscriber Equipment (ROSE), Flight Data Recorder (FDR) data and engine data from the onboard
flight data recording and reporting unit and relay the cached FDM data to the remote flight data

monitoring, storage and analysis unit .

12. The system of any one of claims 1 to 11, wherein the base station is configured to upload new
configurations to the onboard flight data recording and reporting unit and perform inertial

measurement unit calibrations.

13. The system of any one of claims 1 to 12, wherein the base station is configured to retrieve
“last line read” (ROSE functionality) from other systems that the flight data recording and

reporting unit is recording.

14. An aircraft flight d ata monitoring and reporting system, the system comprising: an onboard
flight data recording and reporting unit; a remote flight data monitoring storage and analysis unit;
a basestation, which is asoftware application, the software application configured for conducting
service routines on the onboard flight data recording and reporting unit, for copying and caching
data from the onboard flight datarecording and reporting unit and for relaying data between the
onboard flight data recording and reporting unit and the remote flight data monitoring, storage
and analysis unit; a mobile device, the mobile device selected from the group consisting of a
cellular phone, a smart phone and a tablet, the mobile device including the software application;
a Satcom {satellite communication) link for transfer of data from the onboard flight datarecording
and reporting unit and the remote flight data monitoring, storage and analysis unit; and Wi-Fi, a

network and an internet network, wherein the Wi-Fi and the network are for transfer of data to
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and from the onboard flight data recording and reporting unit and the base station; and the
internet network is for transfer of data to and from the base station and the remote flight data

monitoring, storage and analysis unit.

15. The system of claim 14, wherein the cellular phone and the tablet are an Android® or an

Apple®,

16. An aircraft flight data monitoring and reporting system, the system comprising: an onboard
flight data recording and reporting unit; a remote flight data monitoringstorage and analysis unit;
a base station, which is a software application, the software application configured to upload
new configurations to the onboard flight data recording and reporting unit, perform inertial
measurement unit calibrations, and relay data between the onboard flight data recording and
reporting unit and the remote flight data monitoring, storage and analysis unit; ahandheld device,
the handheld device including the software application; a Satcom {satellite communication} link
for transfer of data from the onboard flight data recording and reporting unit and the remote
flight data monitoring, storage and analysis unit; and Wi-Fi, a network and an internet network,
wherein the Wi-Fi and the network are for transfer of data to and from the onboard flight data
recording and reporting unit and the base station; and the internet network s for transfer of data

to and from the base station and the remote flight data monitoring, storage and analysis unit.

17. The aircraft flight data monitoring and reporting system of claim 16, wherein the base station
is configured to retrieve “last line read” (ROSE functionality) from other systems that the flight

data recording and reporting unit is recording.
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