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METHOD OF DETERMINING A TURBULENT CONDITION IN AN AIRCRAFT
ABSTRACT

A method of determining a turbulent condition in an aircraft with a handheld
device where the handheld device has at least one of a gyroscope, seismometer, and an
accelerometer where the method includes receiving an output from the at least one of the
gyroscope, seismometer, and accelerometer while the handheld device is located within

the aircraft and providing an indication of a turbulent condition.
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METHOD OF DETERMINING A TURBULENT CONDITION IN AN AIRCRAFT
FIELD OF THE INVENTION

[0001A]  The invention relates to a method of determining a turbulent condition in an
aircraft.

BACKGROUND OF THE INVENTION

[0001] Contemporary aircraft may have a variety of sensors that may collect
information and provide such information to the operators of the aircraft. For example,
information from a range of sensors may be used to provide the flight crew with a display
of the detected turbulence and the orientation of the aircraft. Such a system is

cumbersome, weighty, and the failure of a single sensor may disable the system.
BRIEF DESCRIPTION OF THE INVENTION

[0002] In one embodiment, the invention relates to a method of determining a
turbulent condition in an aircraft with a handheld device having at least one of a
gyroscope, scismometer, and an accelerometer including receiving an output from the at
least one of the gyroscope, seismometer, and accelerometer while the handheld device is
located within the aircraft, comparing the received output to a turbulence threshold value
for the received output, and providing an indication of a turbulent condition when the

comparison indicates the received output exceeds the turbulence threshold value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0003]  Inthe drawings:

[0004] Figure 1 is a schematic illustration of a cockpit of an aircraft providing one
example of an environment in which embodiments of the invention may be executed:;
[0005] Figure 2 is an enlarged view of a portion of the cockpit of Figure 1 with a
handheld device located therein;

[0006] Figure 3 is a schematic view of a handheld device being held by a crew
member in the aircraft; and

[0007] Figure 4 is a flow chart illustrating a method of determining a turbulent
condition in the aircraft of Figure 1 according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Figure 1 illustrates a portion of an aircraft 10 having a cockpit 12. While a
commercial aircraft has been illustrated, it is contemplated that embodiments of the
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invention may be used in any type of legacy aircraft, for example, without limitation,
fixed-wing, rotating-wing, rocket, personal aircraft, and military aircraft. A first user
(e.g., a pilot) may be present in a seat 14 at the left side of the cockpit 12 and another user
(e.g., a co-pilot) may be present at the right side of the cockpit 12 in a seat 16. A flight
deck 18 having various instruments 20 and multiple multifunction flight displays 22 may
be located in front of the pilot and co-pilot and may provide the flight crew with
information to aid in flying the aircraft 10.

[0009]  The flight displays 22 may include either primary flight displays or multi-
function displays and may display a wide range of aircraft, flight, navigation, and other
information used in the operation and control of the aircraft 10. The flight displays 22
may be capable of displaying color graphics and text to a user. The flight displays 22
may be laid out in any manner including having fewer or more displays and need not be
coplanar or the same size. A touch screen display or touch screen surface 24 may be
included in the flight display 22 and may be used by onc or more flight crew members,
including the pilot and co-pilot, to interact with the systems of the aircraft 10. Itis
contemplated that one or more cursor control devices 26, such as a mouse, and one or
more multifunction keyboards 28 may be included in the cockpit 12 and may also be used
by one or more flight crew members to interact with the systems of the aircraft 10.

[0010] A controller 30 may be operably coupled to components of the aircraft 10
including the flight displays 22, touch screen surface 24, cursor control devices 26, and
keyboards 28. The controller 30 may include memory 32, the memory may include
random access memory (RAM), read-only memory (ROM), flash memory, or one or
more different types of portable electronic memory, such as discs, DVDs, CD-ROMs,
etc., or any suitable combination of these types of memory. The controller 30 may
include a processor 34, which may be running any suitable programs to implement a
graphical user interface (GUI) and operating system. These programs typically include a
device driver that allows the user to perform functions on the touch screen surface 24
such as selecting options, inputting commands and other data, selecting and opening files,
and moving icons through the touch screen surface 24. The controller 30 may be a

portion of an FMS or may be operably coupled to the FMS.
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[0011] A computer searchable database of information may be stored in the memory
32 and accessible by processor 34. The processor 34 may run a set of executable
instructions to display the database or access the database. Alternatively, the controller
30 may be operably coupled to a database of information. For example, such a database
may be stored on an alternative computer or controller. It will be understood that the
database may be any suitable database, including a single database having multiple sets
of data, multiple discrete databases linked together, or cven a simple table of data.

[0012] The controller 30 may also be connected with other controllers (not shown) of
the aircraft 10. The controller 30 may be capable of wirelessly linking with other systems
or devices through a wireless communication link 36, which may be included in the
aircraft 10 and may be communicably coupled to the controller 30 so that the controller
30 may transfer information with wirelessly connected devices and systems through the
wireless communication link 36. Such a wireless communication link 36 may include,
but is not limited to, packet radio, satellite uplink, Wireless Fidelity (WiFi), WiMax,
AeroMACS, Bluetooth, ZigBee, 3G wireless signal, code division multiple access
(CDMA) wireless signal, global system for mobile communication (GSM), 4G wireless
signal, long term evolution (LTE) signal, Ethernet, or any combinations thereof.

[0013] Referring to Figure 2, a handheld device 40 having a range of sensors 42 may
be located in the aircraft 10. As illustrated, the handheld device 40 may reside within the
cockpit 12. Alternatively, it may reside within the electronics and equipment bay of the
aircraft or in other locations throughout the aircraft10. The handheld device 40 may be
mounted within the aircraft 10; for example, the handheld device may be mounted to the
flight deck 18 via a bracket 43 or other suitable mechanism. Alternatively, the handheld
device may be held by a flight crew member. By way of non-limiting examples, the
sensors 42 included in the handheld device 40 may include any number of suitable
sensors including a 3-axis gyroscope, a seismometer, a tilt sensor, an accelerometer, a
vibration sensor, a resonator, etc.

[0014] A display 44 may also be included in the handheld device 40. It is
contemplated that the display 44 may be a touch screen 46 such that a user may interact
with the display 44 through the touch screen 46. While the handheld device 40 has been
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illustrated as a smartphone having a touch screen 46 it will be understood that the
handheld device 40 may be a PDA, tablet PC, or other suitable device such as a handheld
device manufactured for the specific purpose. A keyboard or cursor control may also be
provided in the handheld device 40 to allow for user interaction with the display 44.
[0015] In order to be capable of wirelessly linking with other systems and devices,
the handheld device 40 may also include any suitable wireless communication link 48
capable of wirelessly linking with other devices and systems. It will also be understood
that the particular type or mode of wireless communication is not critical to this
invention, and later-developed wireless networks are certainly contemplated as within the
scope of this invention. It is contemplated that the controller 30 may be operably coupled
to the handheld device 40 either through a wired connection or wirelessly through the
wireless communication link 36 and the wireless communication link 48. Thus, it is
contemplated that the handheld device 40 and the aircraft 10 may be in data
communication. A controller 50 may be included in the handheld device 40 and may be
operably coupled to components of the handheld device 40 including the sensors 42,
display 44, touch screen 46, and wireless communication link 48. The controller 50 may
include any suitable memory and processing units, which may be running any suitable
programs to implement a graphical user interface (GUI) and operating system.

[0016]  One of the handheld device 40 and the controller 30 of the aircraft 10 may
include all or a portion of a computer program having an executable instruction set for
determining a turbulent condition. Regardless of whether the handheld device 40 or the
controller 30 runs the program for determining a turbulent condition, the program may
include a computer program product that may include machine-readable media for
carrying or having machine-executable instructions or data structures stored thereon.
Such machine-readable media may be any available media, which can be accessed by a
general purpose or special purpose computer or other machine with a processor.
Generally, such a computer program may include routines, programs, objects,
components, data structures, algorithms, etc. that have the technical effect of performing
particular tasks or implement particular abstract data types. Machine-executable

instructions, associated data structures, and programs represent examples of program
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code for executing the exchange of information as disclosed herein. Machine-executable
instructions may include, for example, instructions and data, which causc a general
purpose computer, special purpose computer, or special purpose processing machine to
perform a certain function or group of functions.

[0017] During operation, the sensors 42 of the handheld device 40 may collect data
and such data may either be provided to the controller 50 of the handheld device 40 or the
controller 30 of the aircraft 10. One of the controller 30 or the controller 50 may execute
a program for determining a turbulent condition based on the output of the sensors 42.
That is, the program to determine the turbulent condition may derive conclusions of
whether the aircraft 10 is experiencing turbulence or whether it will encounter turbulence
based on the received output from the sensors 42.

[0018] In the case where the handheld device 40 is held by a crewmember within the
aircraft 10, the handheld device 40 may have a correctional feedback to adjust the output
of the sensors 42 based on the determined attitude of the handheld device 40 relative to
the attitude of the aircraft. Figure 3 illustrates that the handheld device 40 may have a
first coordinate system 60 and the aircraft 10 may have a second coordinate system 62. A
transformation matrix may be generated to relate the first coordinate system 60 and the
second coordinate system 62 in determining the relative attitude of the handheld device
40 and the aircraft 10. In this manner, it is contemplated that the relative attitude of the
handheld device 40 and the aircraft 10 may be compensated for.

[0019] Embodiments of the invention include determining a turbulent condition in an
aircraft. In accordance with an embodiment of the invention, Figure 4 illustrates a
method 100, which may be used to determine a turbulent condition in the aircraft 10 with
the handheld device 40. The method begins with receiving an output from at least one of
the sensors 42 while the handheld device 40 is located within the aircraft 10 at 102. At
104, the received output from the sensors 42 may be compared to a turbulence threshold
value for the received output. At 106, an indication of a turbulent condition may be
provided when the comparison indicates the received output exceeds the turbulence

threshold value.
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[0020] [t is contemplated that recciving the output may include receiving an angle
output from one of the sensors 42, such as a gyroscope, indicative of at least one of a
pitch, roll and yaw angle of the aircraft. A rate of change for at least one of the pitch, roll
and yaw angle from the angle output may be determined. Based on the determined rate
of change a comparison may be made, which may include comparing the rate of change
to a corresponding rate of change threshold value. Based on the comparison, it may be
determined if there is a turbulent condition. Alternatively, receiving the output may
include receiving a motion output from one of the sensors 42, such as a seismometer, and
such a motion output may be indicative of vertical motion of the aircraft 10. Receiving
the output may also include receiving acceleration output from one of the sensors 42,
such as an accelerometer. The acceleration output may be indicative of the acceleration
in vertical motion of the aircraft 10.

[0021] Further still, output may be received from a variety of the sensors 42. For
example, receiving the output from the sensors 42 may include recciving an angle output
from the gyroscope indicative of a pitch, roll and yaw angle of the aircraft, receiving a
motion output from the seismometer, and receiving acceleration output from the
accelerometer. In such an instance, it is contemplated that output from three of the
sensors 42 may be used by the controller 30 or the controller 50 to determine at least one
of the motion and rate of change in motion of the aircraft 10 in a vertical direction from
the angle output, motion output, and acceleration output. As described above, software
may be executed on one of the handheld device 40 and the controller 30 of the aircraft 10.
The software may receive as input the angle output, motion output, and acceleration
output and may then be executed to calculate the motion and/or the rate of change of
motion. Once the motion and/or rate of change in motion are determined, it may be
compared to a corresponding motion threshold and motion rate of change threshold. This
may include the software comparing it to the corresponding motion threshold and motion
rate of change threshold. Based on these comparisons, it may be determined whether
there is a turbulent condition. In this manner, it may be understood that the comparison
may include a determination of whether the received output exceeds the turbulence

threshold value. If the threshold is not exceeded, the method 100 may continue on with
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receiving an output from at least one of the sensors 42 while the handheld device 40 at
102. If the threshold value is exceeded, then an indication may be made at 106.

[0022] It is also contemplated that the output received may be compared to threshold
values over time. In this manner, various patterns in the received output may be
determined and evaluated. The comparison over time of the received output to the
threshold values may indicate turbulence. If the comparison indicates turbulence, then an
indication may be provided at 106.

[0023] If there is a turbulent condition, then that condition may be indicated to the
flight crew at 106. This may include providing an indication on the handheld device 40.
For example, an indication may be displayed on the display 44 of the handheld device 40.
By way of additional example, an audible indication may be emitted from the handheld
device 40. Further, if the determination of the turbulent condition is made by the
handheld device 40 and not the controller 30, providing an indication of the turbulent
condition may include transmitting a turbulence signal from the handheld device 40 to the
aircraft 10. The controller 30 may then provide an indication on a display 22 on the flight
deck 18 of the aircraft 10 in response to the turbulence signal, which was transmitted
from the handheld device 40. Alternatively, the flight deck 18 may emit an audible
indication in response to the turbulence signal provided by the handheld device 40.

[0024] It is also contemplated that embodiments of the invention may predict whether
an aircraft 10 will move into a turbulent state based on output from the sensors 42. It is
contemplated that the controller 30 or the controller 50 may compare the output of the
sensors 42 and by identifying the critical angles and/or comparing the output with
information located in a database pattern database the program run by the controller 30 or
the controller 50 may predict the likelihood of the aircraft 10 moving into a turbulent
state. Upon such a determination a preventive maneuver may be suggested via the
display 22 to the flight crew.

[0025] It is also contemplated that the output from the sensors 42 may be used by the
controller 30 or the controller 50 to determine when the aircraft 10 may enter an
uncontrollable turn or a fatal Pitch-Roll-Yaw angle. For example, an angle output from

one of the sensors 42, such as a gyroscope may be compared to threshold values for
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critical angles. If the sensed values cross the threshold value, an indication may be
provided to the flight crew. It is also contemplated that based on the output from the
sensors 42 that it may be predicted when the aircraft will go into an uncontrollable or
critical angle. Upon such a determination, a warning may be displayed and an evasive
maneuver may be suggested via the display 22 to the flight crew. In this manner, it may
be modeled how the aircraft 10 is moving or how the aircraft 10 will move based on the
output of the sensors 42. By way of example, case based reasoning and statistical
approaches may be used to determine if an uncontrollable situation will occur.

[0026] The above mentioned threshold values may be saved in the database located in
the memory 32 of the controller 30. The threshold values may be customized for the type
of aircraft 10 and type or mission of flight. The threshold may be any suitable
predetermined values. An intensity value may also be determined and the intensity value
may indicate how much the threshold has been crossed and how fast it was crossed by the
sensed value. A higher intensity may correlate to a higher chance of an uncontrollable
mode of the aircraft 10. Further, a combination of the threshold value and intensity value
may provide a value to determine an uncontrollable situation.

[0027]  Technical effects of the above described embodiments include that turbulence
may be detected using sensors on a handheld device, which provides a variety of benefits
including that the above embodiments do not require high infrastructure and installation
costs and minimize the cost of software and hardware development for onboard
equipment. Furthermore, such handheld devices are widely available and have a reduced
cost compared to legacy sensor systems. Further, the embodiments described above
have a reduced weight as compared to legacy sensor systems. This results in a reduced
operational cost of tlying the aircraft. Additionally, the embodiments described above
provide for aircrafts to detect turbulence and predict uncontrollable aircraft situations
using the handheld device.

[0028]  While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these
embodiments falling within the invention described herein shall be apparent to those

skilled in the art.
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WHAT IS CLAIMED IS:

1. A method of determining a turbulent condition in an aircraft with a
handheld device having a gyroscope, a seismometer, and an accelerometer, the method
comprising:

receiving an output from each of the gyroscope, the seismometer, and the
accelerometer while the handheld device is located within the aircraft;

comparing, by a processor, the received outputs to corresponding turbulence
threshold values for the received outputs; and

providing, by the processor, an indication on the handheld device or the
aircraft, of a turbulent condition when the comparing indicates at least one of the received

outputs exceeds the corresponding turbulence threshold value.

2. The method of claim 1, wherein the receiving the outputs comprises
receiving an angle output from the gyroscope indicative of at least one of a pitch, a roll

and a yaw angle of the aircraft.

3. The method of claim 2, further comprising determining a rate of change

for the at least one of the pitch, the roll and the yaw angle from the angle output.

4, The method of claim 3, wherein the comparing comprises comparing

the rate of change to a corresponding rate of change threshold value.

5. The method of claim 1, wherein the receiving the output of the

seismometer is indicative of a vibration motion of the aircraft.

6. The method of claim 1, wherein the receiving the output of the

accelerometer is indicative of an acceleration in multi-dimensional motion of the aircraft.

7. The method of claim I, wherein the receiving the outputs comprises:

receiving an angle output from the gyroscope indicative of a pitch, a roll and a
yaw angle of the aircraft, receiving a motion output from the seismometer, and receiving
an acceleration output from the accelerometer.

9
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8. The method of claim 7, further comprising determining at least one of a
motion and a rate of change in the motion of the aircraft in a multi-dimensional direction

from the angle output, the motion output, and the acceleration output.

9. The method of claim 8, wherein the determining comprises executing a
software on the handheld device that receives as input the angle output, the motion
output, and the acceleration output and then calculates the at least one of the motion and

the rate of change of the motion.

10.  The method of claim 8, wherein the comparing comprises comparing
the at least one of the motion and the rate of change in the motion to a corresponding

motion threshold and a motion rate of change threshold.

11.  The method of claim 10, wherein the comparing comprises executing
the software on the handheld device that compares the at least one of the motion and the
rate of change in the motion to the corresponding motion threshold and the motion rate of

change threshold.

12.  The method of claim 10, wherein the determining further comprises

compensating for a relative orientation of the handheld device and the aircraft.

13.  The method of claim 10, wherein the providing the indication of the

turbulent condition comprises providing the indication on the handheld device.

14.  The method of claim 13, wherein the providing the indication on the
handheld device comprises at least one of displaying the indication on a display of the

handheld device and emitting an audible indication from the handheld device.

15.  The method of claim 10, wherein the providing the indication of the
turbulent condition comprises transmitting a turbulence signal from the handheld device

to the aircraft.

10
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16.  The method of claim 15, further comprising providing an indication on

a flight deck of the aircraft in response to the turbulence signal.

17.  The method of claim 1, wherein the providing the indication of the
turbulent condition comprises transmitting a turbulence signal from the handheld device

to the aircraft.

18.  The method of claim 1, further comprising comparing the received
outputs to the threshold values over time and providing the indication of the turbulent

condition when the comparing indicates turbulence.

19. A method of determining a turbulent condition in an aircraft with a
handheld device having a gyroscope and a seismometer, the method comprising:

receiving an output from each of the gyroscope and the seismometer while the
handheld device is located within the aircraft;

comparing, by a processor, the received outputs to corresponding turbulence

threshold values for the received outputs; and

providing, by the processor, an indication on the handheld device or the
aircraft, of a turbulent condition when the comparing indicates at least one of the received

outputs exceeds the corresponding turbulence threshold value.

20. A method of determining a turbulent condition in an aircraft with a
handheld device having a seismometer and an accelerometer, the method comprising:

receiving an output from each of the seismometer and the accelerometer while
the handheld device is located within the aircraft;

comparing, by a processor, the received outputs to corresponding turbulence
threshold values for the received outputs; and

providing, by the processor, an indication on the handheld device or the
aircraft, of a turbulent condition when the comparing indicates at least one of the received

outputs exceeds the corresponding turbulence threshold value.
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