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Systems And Methods For Starting A Sensorless Motor

INVENTOR: Bart Dean Hibbs

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/945,813, filed December 9, 2019, the contents of which are

hereby incorporated by reference herein for all purposes.

TECHNICAL FIELD
Embodiments relate generally to unmanned aerial vehicles (UAVs), and more

particularly motors of a UAV.

BACKGROUND
Unmanned aerial vehicles (UAVs), such as a high altitude long endurance
aircraft, are lightweight planes that are capable of controlled, sustained flight. UAVs

may be associated with ground-based operators for two-way communications.

SUMMARY

An embodiment may include a system for starting a sensorless motor of an
unmanned aerial vehicle (UAV) with an unknown rotation rate and direction. In one
embodiment, the UAYV is a high altitude long endurance solar-powered aircraft. The
system may include an unmanned aerial vehicle (UAV); at least one sensorless motor
of the UAV, the at least one sensorless motor comprising a set of windings and a
rotor; at least one propeller connected to the at least one sensorless motor; a
microcontroller in communication with the at least one sensorless motor, where the
microcontroller may be configured to: determine a rotation rate of the at least one
propeller; determine a rotation direction of the at least one propeller; provide an
output to stop the at least one propeller if at least one of: the determined rotation rate

is not a desired rotation rate and the determined rotation direction is not a desired
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rotation direction; and provide an output to start the at least one propeller if the at
least one propeller is stopped at the desired rotation rate and the desired rotation

direction.

In an additional system embodiment, the determined rotation rate may be
based on a measured frequency of a back electromotive force (EMF) generated by at
least one sensorless motor. In an additional system embodiment, the measured
frequency of the back-EMF may be measured before the at least one sensorless motor
is turned on. In an additional system embodiment, the measured frequency of the
back-EMF may be proportional to the rotation rate of the at least one propeller. In an
additional system embodiment, stopping the at least one propeller may further
comprise energizing the at least one sensorless motor with current at a same
frequency as the measured frequency of the back-EMF. In an additional system
embodiment, the microcontroller may be further configured to: provide an output to
continue rotation of the at least one propeller if the determined rotation rate is at the
desired rotation rate and the determined rotation direction is at the desired rotation

direction.

Additional system embodiments may include: a wing panel of the UAV,
where the at least one sensorless motor may be attached to the wing panel; and at least
one landing pod, where the wing panel may be supported by the at least one landing
pod. In an additional system embodiment, the UAV may be a high altitude long
endurance aircraft. In an additional system embodiment, the at least one sensorless

motor may be a brushless AC motor.

A method embodiment may include: determining, by a microcontroller in
communication with at least one sensorless motor connected to at least one propeller,
a rotation rate of the at least one propeller; determining, by the microcontroller, a
rotation direction of the at least one propeller; providing, by the microcontroller, an
output to stop the at least one propeller if at least one of: the determined rotation rate
is not a desired rotation rate and the determined rotation direction is not a desired

rotation direction; and providing, by the microcontroller, an output to start the at least
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one propeller if the at least one propeller is stopped at the desired rotation rate and the

desired rotation direction.

Additional method embodiments may include: providing, by the
microcontroller, an output to continue rotation of the at least one propeller if the
determined rotation rate is at the desired rotation rate and the determined rotation
direction is at the desired rotation direction. In additional method embodiments, the
determined rotation rate is based on a measured frequency of a back electromotive

force (EMF) generated by at least one sensorless motor.

Another method embodiment may include: measuring, by a microcontroller in
communication with at least one sensorless motor connected to at least one propeller,
a rotation rate of the at least one propeller while the at least one sensorless motor is
unpowered; determining, by the microcontroller, if the measured rotation rate is above
a predetermined threshold; measuring, by the microcontroller, a rotation direction of
the at least one propeller while the at least one sensorless motor is unpowered,
determining, by the microcontroller, if the measured rotation direction is a desired
rotation direction; and providing, by the microcontroller, an output to the at least one
sensorless motor to bring the sensorless motor to a desired rotation rate and the

desired rotation direction.

In additional method embodiments, the output comprises energizing the at
least one sensorless motor with AC power matched in frequency to the measured
rotation rate. In additional method embodiments, measuring the rotation rate and
rotation direction further comprises: measuring, by the microcontroller, a voltage
produced by windings of the at least one sensorless motor due to rotation of the rotor
of the at least one sensorless motor while the at least one sensorless motor is
unpowered. In additional method embodiments, providing the output further
comprises: stopping, by the microcontroller, a rotation of the at least one sensorless
motor if the measured rotation direction is not the desired rotation direction; starting,

by the microcontroller, the rotation of the at least one sensorless motor in the desired



10

15

20

25

30

WO 2021/118928 PCT/US2020/063611

rotation direction; and increasing, by the microcontroller, the rotation rate of the at

least one sensorless motor to the desired rotation rate.

In additional method embodiments, providing the output further comprises:
adjusting, by the microcontroller, the rotation rate of the at least one sensorless motor
to the desired rotation rate if the measured rotation direction is the desired rotation
direction. In additional method embodiments, the measured rotation rate is based on a
measured frequency of a back electromotive force (EMF) generated by the at least
one sensorless motor. In additional method embodiments, the measured rotation rate
below the predetermined threshold allows for safe operation of the at least one
sensorless motor. In additional method embodiments, the rotation direction is at least

one of: clockwise and counterclockwise.

BRIEF DESCRIPTION OF THE DRAWINGS

The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principals of the invention. Like reference numerals
designate corresponding parts throughout the different views. Embodiments are
illustrated by way of example and not limitation in the figures of the accompanying
drawings, in which:

FIG. 1 depicts a system for starting a sensorless motor of an unmanned aerial
vehicle with an unknown rotation rate and direction, according to one embodiment;

FIG. 2 depicts a perspective exploded view of the sensorless motor of FIG. 1;

FIG. 3 depicts the sensorless motor of FIG. 2 coupled to a propeller;

FIG. 4 depicts a flowchart of a process for starting a sensorless motor of the
unmanned aerial vehicle of FIG. 1 with an unknown rotation rate and direction;

FIG. 5 illustrates an example top-level functional block diagram of a
computing device embodiment;

FIG. 6 shows a high-level block diagram and process of a computing system
for implementing an embodiment of the system and process;

FIG. 7 shows a block diagram and process of an exemplary system in which

an embodiment may be implemented; and
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FIG. 8 depicts a cloud computing environment for implementing an

embodiment of the system and process disclosed herein.

DETAILED DESCRIPTION

With respect to FIG. 1, a system 100 for starting a sensorless motor 110 of an
unmanned aerial vehicle (UAV) with an unknown rotation rate and direction is
depicted. UAVs are aircraft with no onboard pilot. UAVs may fly autonomously or
remotely. Sensorless motors onboard a UAV may provide for decreased complexity
of a UAV motor system, such as by requiring fewer interconnects between the driver
module and the motor. In one embodiment, the UAV 101 is a high altitude long
endurance aircraft. In one embodiment, the UAV 101 may have one or more motors
110, for example, between one and forty (40) motors, and a wingspan between one
hundred (100) feet and four hundred (400) feet. In one embodiment, the UAV 101 has
a wingspan of approximately two hundred sixty (260) feet and is propelled by a
plurality of propellers 140 coupled to a plurality of motors, for example, ten (10)
electric motors, powered by a solar array covering the surface of the wing, resulting in
zero emissions. Flying at an altitude of approximately sixty-five thousand (65,000)
feet above sea level and above the clouds, the UAV 101 is designed for continuous,

extended missions of up to months without landing.

The UAV 101 functions optimally at high altitudes and is capable of
considerable periods of sustained flight without recourse to land. In one embodiment,

the UAV 101 may weigh approximately three thousand (3,000) Ibs.

With respect to FIG. 2, the at least one motor 110 is coupled to the UAV 101
for propulsion of the UAV 101. In one embodiment, the motor 110 is a brushless AC
motor in an out-runner configuration. In another embodiment, the motor 110 is a
brushless AC motor in a conventional configuration that includes an in-runner rotor
112 electrically connected with a wye-configuration winding 114 about improved
armatures 116. The motor 110 may have a casing 118 formed of steel or other high-

strength material to enclose and protect the motor.
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A stator 120 is positioned around the perimeter of the rotor 112, with the stator
120 having a back iron to contain the magnetic field of the stator 120. The stator 120
may be formed of permanent magnets 122 such as neodymium and praseodymium or
any suitable magnet, including electromagnets. The rotor 112 may have the armatures
116 built up from layers of laminated electrical steel, such as silicon steel, with an
oxide film positioned between each steel layer, to reduce induced ring currents and to
increase the efficiency of the motor 110. Other armature materials may include iron

or amorphous steel.

In one embodiment, the motor 110 is configured to have the windings 114
wound around iron teeth. Additionally, there may be a layer of magnets on the outside
of the motor 110 that may remain glued to the motor 110 down to approximately -80°
Celsius. This is advantageous as the UAV 101 often flies at night and at high altitude

with temperatures approaching -80° Celsius.

Some motors may be ironless to avoid hysteresis losses and eddy current
losses, which result in energy being wasted in the form of heat. In one embodiment,
the motor 110 may incorporate permendur: a cobalt-iron soft magnetic alloy with
equal parts iron and cobalt, such as Hiperco®. Permendur has very low hysteresis and
eddy current losses, often performing better than ironless motors. Still further, iron
has some very important properties that are not found in ironless motors, including;
(1) mechanically supporting the winding, (2) providing inductance, thus not requiring
external inductors, (3) providing a way for heat to get out of the motor, (4) providing
a very thin air gap so that far less magnetic material is needed to make the magnetic
field, and (5) keeping the magnetic field out of copper, because a magnetic field going

through copper causes lots of energy losses in copper.

A voltage applied across the motor's windings 114 forces the motor’s rotor
112 to turn. The movement of the rotor 112 through the motor's magnetic field,
however, is analogous to the behavior of a generator, and consequently, the motor not
only receives an applied voltage but also generates its own voltage. This voltage is a

back electromotive force (EMF), and the voltage is proportional to the motor's 110
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rotational speed. More specifically, as the motor’s windings 114 are turning inside the
magnetic fields, a magnetic field induces a back EMF. This back EMF acts against
the applied voltage that is causing the motor 110 to spin in the first place and reduces
the current flowing through the coils of the motor 110. The back EMF may be used to
determine a motor’s rotor 112 speed and position and accordingly no sensors are
required for making such determination. In one embodiment, the sensorless AC motor
110 is controlled using a microcontroller, such as microcontroller 150 described

below.

The brushless AC motor 110 is similar to a generator such as one might find in
a dynamo or turbine and so as it is driven around by a motor driver, it will also start to
generate an electromagnetic force. The generated electromagnetic force then works
against the forward voltage produced by the motor driver, but crucially the frequency
of the force is directly related to the speed of the rotor 112 and can be measured by
the microcontroller 150. By using this back-EMF frequency measurement it is
therefore possible to measure the speed of the motor 110 and compare the measured

speed to the speed that the microcontroller is trying to achieve.

The sensorless AC motor 110 may have permanent magnets 122 fixed on the
rotor 112 with the electro-magnets mounted around the edge of the motor 110. As the
motor 110 picks up speed the motor 110 starts to generate electro-motive force in the
stator windings 114. The frequency generated by the back-EMF is directly
proportional to the speed of the motor 110. Therefore, the sensorless motor
microcontroller 150 may read this frequency, determine the speed of the motor, and

adjust the drive pattern accordingly.

In one embodiment, AC supplied to the stator windings 114 energizes the
windings 114 to create a rotating magnetic flux. The flux generates a magnetic field in
an air gap between the stator 120 and the rotor 112 and induces a voltage that
produces a current through rotor bars. The rotor circuit may be shorted and current
flows in rotor conductors. The action of the rotating flux and the current produces a

force that generates a torque to start the motor 110.



10

15

20

25

30

WO 2021/118928 PCT/US2020/063611

The alternator rotor 112 may include a wire coil enveloped around an iron
core. In one embodiment, the magnetic component of the rotor 112 is made from steel
laminations to aid in stamping conductor slots to specific shapes and sizes. As
currents travel through the wire coil, a magnetic field is created around the core—
commonly referred to as field current. The field current strength controls the power

level of the magnetic field.

The stator 120 may act as a field magnet, interacting with the armature 116 to
create motion, or the stator 120 may act as the armature 116, receiving its influence

from moving field coils on the rotor 112.

With respect to FIG. 3, the at least one motor 110 is coupled to a propeller 140
of the UAV 101. The propeller 140 and the motor 110 may be integrated into a wing
panel 107, and the wing panel may be supported by a landing pod 113. Other
mounting arrangements of the motor 110 and propeller 140 are possible and
contemplated. Generally speaking, the propeller 140 may be rotating in a non-desired
direction and/or above a threshold rotation speed if the UAV 101, for instance, is on
the ground and wind is coming from in front of or behind the UAV 101. For example,
the propeller 140 may be rotating counterclockwise instead of clockwise when a
clockwise direction is desired. The UAV 101 may not be able to start up because the
propellers 140 are rotating above a threshold rotation speed or in the wrong direction.
Therefore, it is desired to be able to start the motor 110 even if the propellers 140 are

windmilling due to the wind approaching from in front of or behind the UAV 101.

Typically, DC power may be run on the windings 114 (see FIG. 2) and the
motor 110 in order to bring the rotor 112 to a stop and to lock the rotor 112 in place.
Microcontroller 150 may then slowly increase the motor 110 speed until the motor
110 is fast enough for sensorless operation. If the wind is strong enough, either from
in front of or behind the UAV 101 when the UAV 101 is on the ground, the UAV 101
propellers 140 may provide sufficient speed and torque to prevent the DC current on

windings 114 from stopping the rotor 112.
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In one embodiment, the voltage produced by the windings 114 due to rotation
of the rotor 112 may be measured before the motor 110 is turned on. More
specifically, the windings 114 are not energized and there is no switching noise on the
motor 110. Therefore, very low voltages, produced by very slow rotation rates, may
be measured, and the rotation speed of the motor 110 may also be measured by
microcontroller 150. In one embodiment, the motor 110 is energized with AC instead
of DC at the same frequency as the rotation rate, and with the proper phase. For
example, the microcontroller 150 may read the frequency, and the AC may lock the
motor 110 to that frequency, bring the motor 110 to a stop, and then the motor 110
may be sped up in the right direction, thereby determining the speed of the motor 110
and adjust the drive pattern accordingly. The microcontroller 150 may transmit a
signal via an output 148 to the propeller 140 to not rotate or to rotate in the proper
direction. This may prevent the UAV 101 from stalling or spinning the propellers 140

above a threshold rotation speed or in the wrong direction.

With respect to FIG. 4, a flowchart 200 illustrates a process for starting the
sensorless motor 110 with an unknown rotation rate and direction. The method 200
includes measuring, by a microcontroller, the rotor speed and direction of the
unpowered sensorless motor (step 202). The unpowered sensorless motor may be the
sensorless motor 110 of FIGS. 2-3 before the motor is turned on. The method 200
may then include determining, by the microcontroller at the time when rotor speed
and direction of the unpowered motor 110 is measured, whether the rotor direction is
in the desired direction and whether the rotor speed is at a predetermined threshold
allowing safe sensorless operation (step 204). If the motor 110 is operating at the
desired rotor speed and direction, then the motor 110 may continue rotating without
stopping (step 206). If the motor 110 is not operating at the desired rotor speed and
direction, then the microcontroller 150 may energize the motor 110 with AC power,
matched in frequency to an initial rotation rate of the motor 110, thereby bringing the
sensorless motor and the at least one propeller to the desired operating speed and

direction (step 208).
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FIG. 5 illustrates an example of a top-level functional block diagram of a
computing device embodiment 400. The example operating environment is shown as
a computing device 420, such as microcontroller 150 comprising a processor 424,
such as a central processing unit (CPU), addressable memory 427, an external device
interface 426, e.g., an optional universal serial bus port and related processing, and/or
an Ethernet port and related processing, and an optional user interface 429, e.g., an
array of status lights and one or more toggle switches, and/or a display, and/or a
keyboard and/or a pointer-mouse system and/or a touch screen. Optionally, the
addressable memory may include any type of computer-readable media that can store
data accessible by the microcontroller 420, such as magnetic hard and floppy disk
drives, optical disk drives, magnetic cassettes, tape drives, flash memory cards, digital
video disks (DVDs), Bernoulli cartridges, RAMs, ROMs, smart cards, etc. Indeed,
any medium for storing or transmitting computer-readable instructions and data may
be employed, including a connection port to or node on a network, such as a LAN,
WAN, or the Internet. These elements may be in communication with one another via
a data bus 428. In some embodiments, via an operating system 425 such as one
supporting a web browser 423 and applications 422, the processor 424 may be
configured to execute steps of a process establishing a communication channel and

processing according to the embodiments described above.

FIG. 6 is a high-level block diagram 600 showing a computing system
comprising a computer system useful for implementing an embodiment of the system
and process, disclosed herein. Embodiments of the system may be implemented in
different computing environments. The computer system includes one or more
processors 602, and can further include an electronic display device 604 (e.g., for
displaying graphics, text, and other data), a main memory 606 (e.g., random access
memory (RAM)), storage device 608, a removable storage device 610 (e.g.,
removable storage drive, a removable memory module, a magnetic tape drive, an
optical disk drive, a computer readable medium having stored therein computer
software and/or data), user interface device 611 (e.g., keyboard, touch screen, keypad,
pointing device), and a communication interface 612 (e.g., modem, a network

interface (such as an Ethernet card), a communications port, or a PCMCIA slot and

10
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card). The communication interface 612 allows software and data to be transferred
between the computer system and external devices. The system further includes a
communications infrastructure 614 (e.g., a communications bus, cross-over bar, or

network) to which the aforementioned devices/modules are connected as shown.

Information transferred via communications interface 614 may be in the form
of signals such as electronic, electromagnetic, optical, or other signals capable of
being received by communications interface 614, via a communication link 616 that
carries signals and may be implemented using wire or cable, fiber optics, a phone line,
a cellular/mobile phone link, an radio frequency (RF) link, and/or other
communication channels. Computer program instructions representing the block
diagram and/or flowcharts herein may be loaded onto a computer, programmable data
processing apparatus, or processing devices to cause a series of operations performed

thereon to produce a computer implemented process.

Embodiments have been described with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems) and computer program
products according to embodiments. Each block of such illustrations/diagrams, or
combinations thereof, can be implemented by computer program instructions. The
computer program instructions when provided to a processor produce a machine, such
that the instructions, which execute via the processor, create means for implementing
the functions/operations specified in the flowchart and/or block diagram. Each block
in the flowchart/block diagrams may represent a hardware and/or software module or
logic, implementing embodiments. In alternative implementations, the functions

noted in the blocks may occur out of the order noted in the figures, concurrently, etc.

Computer programs (i.e., computer control logic) are stored in main memory
and/or secondary memory. Computer programs may also be received via a
communications interface 612. Such computer programs, when executed, enable the
computer system to perform the features of the embodiments as discussed herein. In

particular, the computer programs, when executed, enable the processor and/or multi-

11
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core processor to perform the features of the computer system. Such computer

programs represent controllers of the computer system.

FIG. 7 shows a block diagram of an example system 700 in which an
embodiment may be implemented. The system 700 includes one or more client
devices 701 such as consumer electronics devices, connected to one or more server
computing systems 730. A server 730 includes a bus 702 or other communication
mechanism for communicating information, and a processor (CPU) 704 coupled with
the bus 702 for processing information. The server 730 also includes a main memory
706, such as a random access memory (RAM) or other dynamic storage device,
coupled to the bus 702 for storing information and instructions to be executed by the
processor 704. The main memory 706 also may be used for storing temporary
variables or other intermediate information during execution or instructions to be
executed by the processor 704. The server computer system 730 further includes a
read only memory (ROM) 708 or other static storage device coupled to the bus 702
for storing static information and instructions for the processor 704. A storage device
710, such as a magnetic disk or optical disk, is provided and coupled to the bus 702
for storing information and instructions. The bus 702 may contain, for example,
thirty-two address lines for addressing video memory or main memory 706. The bus
702 can also include, for example, a 32-bit data bus for transferring data between and
among the components, such as the CPU 704, the main memory 706, video memory
and the storage 710. Alternatively, multiplex data/address lines may be used instead

of separate data and address lines.

The server 730 may be coupled via the bus 702 to a display 712 for displaying
information to a computer user. An input device 714, including alphanumeric and
other keys, 1s coupled to the bus 702 for communicating information and command
selections to the processor 704. Another type or user input device comprises cursor
control 716, such as a mouse, a trackball, or cursor direction keys for communicating
direction information and command selections to the processor 704 and for

controlling cursor movement on the display 712.

12
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According to one embodiment, the functions are performed by the processor
704 executing one or more sequences of one or more instructions contained in the
main memory 706. Such instructions may be read into the main memory 706 from
another computer-readable medium, such as the storage device 710. Execution of the
sequences of instructions contained in the main memory 706 causes the processor 704
to perform the process steps described herein. One or more processors in a multi-
processing arrangement may also be employed to execute the sequences of
instructions contained in the main memory 706. In alternative embodiments, hard-
wired circuitry may be used in place of or in combination with software instructions
to implement the embodiments. Thus, embodiments are not limited to any specific
combination of hardware circuitry and software.

The terms "computer program medium," "computer usable medium,"
"computer readable medium", and "computer program product," are used to generally
refer to media such as main memory, secondary memory, removable storage drive, a
hard disk installed in hard disk drive, and signals. These computer program products
are means for providing software to the computer system. The computer readable
medium allows the computer system to read data, instructions, messages or message
packets, and other computer readable information from the computer readable
medium. The computer readable medium, for example, may include non-volatile
memory, such as a floppy disk, ROM, flash memory, disk drive memory, a CD-ROM,
and other permanent storage. It is useful, for example, for transporting information,
such as data and computer instructions, between computer systems. Furthermore, the
computer readable medium may comprise computer readable information in a
transitory state medium such as a network link and/or a network interface, including a
wired network or a wireless network that allow a computer to read such computer
readable information. Computer programs (also called computer control logic) are
stored in main memory and/or secondary memory. Computer programs may also be
received via a communications interface. Such computer programs, when executed,
enable the computer system to perform the features of the embodiments as discussed

herein. In particular, the computer programs, when executed, enable the processor

13
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multi-core processor to perform the features of the computer system. Accordingly,

such computer programs represent controllers of the computer system.

Generally, the term "computer-readable medium" as used herein refers to any
medium that participated in providing instructions to the processor 704 for execution.
Such a medium may take many forms, including but not limited to, non-volatile
media, volatile media, and transmission media. Non-volatile media includes, for
example, optical or magnetic disks, such as the storage device 710. Volatile media
includes dynamic memory, such as the main memory 706. Transmission media
includes coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 702. Transmission media can also take the form of acoustic or light

waves, such as those generated during radio wave and infrared data communications.

Common forms of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-
ROM, any other optical medium, punch cards, paper tape, any other physical medium
with patterns of holes, a RAM, a PROM, an EPROM, a FLASH-EPROM, any other
memory chip or cartridge, a carrier wave as described hereinafter, or any other

medium from which a computer can read.

Various forms of computer readable media may be involved in carrying one or
more sequences of one or more instructions to the processor 704 for execution. For
example, the instructions may initially be carried on a magnetic disk of a remote
computer. The remote computer can load the instructions into its dynamic memory
and send the instructions over a telephone line using a modem. A modem local to the
server 730 can receive the data on the telephone line and use an infrared transmitter to
convert the data to an infrared signal. An infrared detector coupled to the bus 702 can
receive the data carried in the infrared signal and place the data on the bus 702. The
bus 702 carries the data to the main memory 706, from which the processor 704
retrieves and executes the instructions. The instructions received from the main
memory 706 may optionally be stored on the storage device 710 either before or after

execution by the processor 704.

14
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The server 730 also includes a communication interface 718 coupled to the
bus 702. The communication interface 718 provides a two-way data communication
coupling to a network link 720 that is connected to the world wide packet data
communication network now commonly referred to as the Internet 728. The Internet
728 uses electrical, electromagnetic or optical signals that carry digital data streams.
The signals through the various networks and the signals on the network link 720 and
through the communication interface 718, which carry the digital data to and from the

server 730, are exemplary forms or carrier waves transporting the information.

In another embodiment of the server 730, interface 718 is connected to a
network 722 via a communication link 720. For example, the communication
interface 718 may be an integrated services digital network (ISDN) card or a modem
to provide a data communication connection to a corresponding type of telephone
line, which can comprise part of the network link 720. As another example, the
communication interface 718 may be a local area network (LAN) card to provide a
data communication connection to a compatible LAN. Wireless links may also be
implemented. In any such implementation, the communication interface 718 sends
and receives electrical electromagnetic or optical signals that carry digital data

streams representing various types of information.

The network link 720 typically provides data communication through one or
more networks to other data devices. For example, the network link 720 may provide
a connection through the local network 722 to a host computer 724 or to data
equipment operated by an Internet Service Provider (ISP). The ISP in turn provides
data communication services through the Internet 728. The local network 722 and the
Internet 728 both use electrical, electromagnetic or optical signals that carry digital
data streams. The signals through the various networks and the signals on the
network link 720 and through the communication interface 718, which carry the
digital data to and from the server 730, are exemplary forms or carrier waves

transporting the information.
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The server 730 can send/receive messages and data, including e-mail, program
code, through the network, the network link 720 and the communication interface
718. Further, the communication interface 718 can comprise a USB/Tuner and the
network link 720 may be an antenna or cable for connecting the server 730 to a cable
provider, satellite provider or other terrestrial transmission system for receiving

messages, data and program code from another source.

The example versions of the embodiments described herein may be
implemented as logical operations in a distributed processing system such as the
system 700 including the servers 730. The logical operations of the embodiments
may be implemented as a sequence of steps executing in the server 730, and as
interconnected machine modules within the system 700. The implementation is a
matter of choice and can depend on performance of the system 700 implementing the
embodiments. As such, the logical operations constituting said example versions of

the embodiments are referred to for e.g., as operations, steps or modules.

Similar to a server 730 described above, a client device 701 can include a
processor, memory, storage device, display, input device and communication
interface (e.g., e-mail interface) for connecting the client device to the Internet 728,

the ISP, or LAN 722, for communication with the servers 730.

The system 700 can further include computers (e.g., personal computers,
computing nodes) 705 operating in the same manner as client devices 701, wherein a

user can utilize one or more computers 705 to manage data in the server 730.

Referring now to FIG. 8, illustrative cloud computing environment 50 is
depicted. As shown, cloud computing environment 50 comprises one or more cloud
computing nodes 10 with which local computing devices used by cloud consumers,
such as, for example, personal digital assistant (PDA), smartphone, smart watch, set-
top box, video game system, tablet, mobile computing device, or cellular telephone
54A, desktop computer 54B, laptop computer 54C, and/or automobile computer

system 54N may communicate. Nodes 10 may communicate with one another. They
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may be grouped (not shown) physically or virtually, in one or more networks, such as
Private, Community, Public, or Hybrid clouds as described hereinabove, or a
combination thereof. This allows cloud computing environment 50 to offer
infrastructure, platforms and/or software as services for which a cloud consumer does
not need to maintain resources on a local computing device. It is understood that the
types of computing devices S4A-N shown in FIG. 8 are intended to be illustrative
only and that computing nodes 10 and cloud computing environment 50 can
communicate with any type of computerized device over any type of network and/or

network addressable connection (e.g., using a web browser).

It is contemplated that various combinations and/or sub-combinations of the
specific features and aspects of the above embodiments may be made and still fall
within the scope of the invention. Accordingly, it should be understood that various
features and aspects of the disclosed embodiments may be combined with or
substituted for one another in order to form varying modes of the disclosed invention.
Further, it is intended that the scope of the present invention is herein disclosed by
way of examples and should not be limited by the particular disclosed embodiments

described above.
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CLAIMS:

What is claimed is:

1. A system comprising:
an unmanned aerial vehicle (UAV);
at least one sensorless motor of the UAV, the at least one sensorless motor
comprising a set of windings and a rotor;
at least one propeller connected to the at least one sensorless motor;
a microcontroller in communication with the at least one sensorless motor,
wherein the microcontroller is configured to:
determine a rotation rate of the at least one propeller;
determine a rotation direction of the at least one propeller;
provide an output to stop the at least one propeller if at least one of: the
determined rotation rate is not a desired rotation rate and the
determined rotation direction is not a desired rotation direction; and
provide an output to start the at least one propeller if the at least one
propeller is stopped at the desired rotation rate and the desired
rotation direction;
wherein the determined rotation rate is based on a measured frequency
of a back electromotive force (EMF) generated by the at least one
sensorless motor; and
wherein stopping the at least one propeller further comprises
energizing the at least one sensorless motor with current at a same

frequency as the measured frequency of the back-EMF.

2. The system of claim 1, wherein the measured frequency of the back-EMF is

measured before the at least one sensorless motor is turned on.

3. The system of claim 1, wherein the measured frequency of the back-EMF is

proportional to the rotation rate of the at least one propeller.

4. The system of claim 1, wherein the microcontroller is further configured to:
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provide an output to continue rotation of the at least one propeller if
the determined rotation rate is at the desired rotation rate and the

determined rotation direction is at the desired rotation direction.

5. The system of claim 1, further comprising:
a wing panel of the UAV, wherein the at least one sensorless motor is attached
to the wing panel; and
at least one landing pod, wherein the wing panel is supported by the at least

one landing pod.

6. The system of claim 1, wherein the UAV is a high altitude long endurance aircraft.

7. The system of claim 1, wherein the at least one sensorless motor is a brushless AC

motor.

8. A method comprising:

determining, by a microcontroller in communication with at least one
sensorless motor connected to at least one propeller, a rotation rate of the
at least one propeller;

determining, by the microcontroller, a rotation direction of the at least one
propeller;

providing, by the microcontroller, an output to stop the at least one propeller if
at least one of: the determined rotation rate is not a desired rotation rate
and the determined rotation direction is not a desired rotation direction;
and

providing, by the microcontroller, an output to start the at least one propeller if
the at least one propeller is stopped at the desired rotation rate and the
desired rotation direction;

wherein stopping the at least one propeller further comprises energizing the at
least one sensorless motor with current at a same frequency as the
measured frequency of a back electromotive force (EMF) generated by the

at least one sensorless motor.
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9. The method of claim 8, further comprising:
providing, by the microcontroller, an output to continue rotation of the at least
one propeller if the determined rotation rate is at the desired rotation rate

and the determined rotation direction is at the desired rotation direction.

10. The method of claim 8, wherein the determined rotation rate is based on a
measured frequency of a back electromotive force (EMF) generated by at least one

sensorless motor.

11. A method comprising:

measuring, by a microcontroller in communication with at least one sensorless
motor connected to at least one propeller, a rotation rate of the at least one
propeller while the at least one sensorless motor is unpowered;

determining, by the microcontroller, if the measured rotation rate is above a
predetermined threshold,;

measuring, by the microcontroller, a rotation direction of the at least one
propeller while the at least one sensorless motor is unpowered;

determining, by the microcontroller, if the measured rotation direction is a
desired rotation direction; and

providing, by the microcontroller, an output to the at least one sensorless
motor to bring the sensorless motor to a desired rotation rate and the
desired rotation direction, wherein the output comprises energizing the at
least one sensorless motor with AC power matched in frequency to the

measured rotation rate.

12. The method of claim 11, wherein measuring the rotation rate and rotation
direction further comprises:
measuring, by the microcontroller, a voltage produced by windings of the at
least one sensorless motor due to rotation of the rotor of the at least one

sensorless motor while the at least one sensorless motor is unpowered.
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13. The method of claim 11, wherein providing the output further comprises:
stopping, by the microcontroller, a rotation of the at least one sensorless motor
if the measured rotation direction is not the desired rotation direction;
starting, by the microcontroller, the rotation of the at least one sensorless
motor in the desired rotation direction; and
increasing, by the microcontroller, the rotation rate of the at least one

sensorless motor to the desired rotation rate.

14. The method of claim 11, wherein providing the output further comprises:
adjusting, by the microcontroller, the rotation rate of the at least one sensorless
motor to the desired rotation rate if the measured rotation direction is the
desired rotation direction.

15. The method of claim 11, wherein the measured rotation rate is based on a
measured frequency of a back electromotive force (EMF) generated by the at least

one sensorless motor.

16. The method of claim 11, wherein the measured rotation rate below the

predetermined threshold allows for safe operation of the at least one sensorless motor.

17. The method of claim 11, wherein the rotation direction is at least one of:

clockwise and counterclockwise.
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