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PRE-DETERMINING UAV ATTITUDE CHANGES BASED ON
COMMANDED COMPONENT MOVEMENTS, AND ASSOCIATED
SYSTEMS AND METHODS

TECHNICAL FIELD

[0001] The present technology is directed generally to pre-determining UAV attitude changes

based on commanded component movements, and associated systems and methods.

BACKGROUND

[0002] Unmanned aerial vehicles (UAVs) can operate autonomously, or under the control of
an off-board human controller. Accordingly, UAVs can perform a wide variety of missions that are
dangerous, expensive, and/or otherwise objectionable for performance by a manned aircraft.
Representative missions include crop surveillance, real estate photography, inspection of buildings
and other structures, fire and safety missions, border patrols, and product delivery, among others. A
representative mission includes obtaining images via a camera or other image sensor carried by the
UAV. A challenge with obtaining such images with a UAV is that, because the UAV is airborne, it
can be difficult to stabilize the image under at least some conditions, including conditions during
which the UAV undergoes maneuvers. Accordingly, there remains a need for improved techniques

and systems for controlling UAVs and the payloads carried by the UAVs.

SUMMARY

[0003] The following summary is provided for the convenience of the reader and identifies

several representative embodiments of the disclosed technology.

[0004] Representative embodiments of the present technology include an unmanned aerial
vehicle (UAV) apparatus, comprising an airframe and a propulsion system carried by the airframe
and having at least one propulsion device. The apparatus further includes a moveable component
carried by the airframe, and a control system. The control system is programmed with instructions

that, when executed, receive a first input corresponding to a characteristic of the moveable
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component, receive a second input corresponding to a command to move the moveable component,
and, in response to the first and second inputs, direct a change in a setting of the at least one

propulsion device.

[0005] In particular embodiments, the moveable component includes at least a portion of a
camera carried by the airframe, for example, a lens of the camera. In any of the foregoing
embodiments, the moveable component can include at least a portion of a gimbal carried by the
airframe, or a portion of a camera carried by the gimbal. The propulsion device can include a
motor-driven propeller in particular embodiments, and the setting of the propulsion device can
include a speed setting of the motor, or an orientation of a motor-driven propeller. The motor-
driven propeller can be one of a plurality of motor-driven propellers carried by the airframe. The
characteristic of the moveable component can include a weight of the component, an initial position

of the component, or both.

[0006] In a further particular embodiment, the propulsion device includes at least one motor-
driven propeller, the moveable component includes a moveable camera lens, and the first input
includes a weight of the camera lens and an initial location of the camera lens. The second input
includes a target location for the camera lens and at least one of the first and second inputs includes
a target speed for moving the camera lens. The instructions, when executed, receive a further input
corresponding to an initial attitude of the airframe, and determine an estimated subsequent location
of the camera lens, based on the initial location, the target location, and the target speed. The
instructions also determine an estimated change in an attitude of the airframe based at least in part
on the estimated subsequent location of the camera lens and the weight of the camera lens. In
response to the first and second inputs, the instructions direct a change in a speed of the at least one
motor-driven propeller to position the airframe in the initial attitude, or maintain the airframe in the
initial attitude, or both. In still a further particular embodiment, the change in speed of the propeller
is directed before a movement of the lens in response to the command to move the moveable

component is sensed on board the airframe.

[0007] In yet further embodiments, a further input can include an input corresponding to a

detected deviation from the initial attitude, and the instructions, when executed, can direct the
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change in the setting of the at least one propulsion device (e.g., the speed of a motor-driven

propeller) in response to the further input.

[0008] Further embodiments of the present technology are directed to a method for
configuring a control system for a UAV, and include programming a computer-readable medium
with instructions that, when executed, receive a first input corresponding to a characteristic of a
moveable component carried by the UAV, receive a second input corresponding to a command to
move the moveable component, and, in response to the first and second inputs, direct a change in a
rotational speed of a propeller carried by the UAV. Further aspects of the method for configuring

the controller can include any one or a combination of the elements described above.

[0009] Still further embodiments of the present technology include computer-implemented
methods for flying a UAV, including receiving a first input corresponding to a characteristic of a
moveable component carried by the UAV, receiving a second input corresponding to a command to
move the moveable component, and, in response to the first and second inputs, directing a change in
a rotational speed of a propeller carried by the UAV. Such methods can include any one or a

combination of any of the foregoing elements described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a partially schematic, isometric illustration of a UAV having a control
system configured to pre-determine attitude changes of the UAV resulting from commanded
movements of one or more UAV components, and account for such attitude changes, in accordance

with representative embodiments of the present technology.

[0011] Figure 2 is an enlarged illustration of a portion of the UAV shown in Figure 1,
including a representative gimbal and imaging device, configured to operate in accordance with

representative embodiments of the present technology.

[0012] Figure 3A is a partially schematic illustration of a control system including a first
controller carried on board a UAV and configured to control the UAV in accordance with

representative embodiments of the present technology.

[0013] Figure 3B is a flow diagram illustrating a process for controlling a UAV in accordance

with an embodiment of the present technology.
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[0014] Figure 4 is a schematic illustration of a controller-implemented feedback loop for

controlling a UAV in accordance with embodiments of the present technology.

[0015] Figure 5 is a flow diagram illustrating a process for implementing an attitude control

function in accordance with representative embodiments of the present technology.

DETAILED DESCRIPTION

1. Overview

[0016] The present technology is directed generally to pre-determining unmanned aerial
vehicle (UAV) attitude changes based on commanded component movements, and associated
systems and methods. In particular embodiments, components on board the UAV are deliberately
moved to perform the missions carried out by the UAV. For example, in a UAV that performs an
imaging function, a camera or other imaging device is typically moved via a gimbal so as to direct
the field of view of the imaging device to an area of interest. In addition, one or more lenses of the
imaging device are moved to focus the image and to zoom in on particular features within the field
of view. These movements can cause the centers of gravity of the moving components to shift. As
a result, the center of gravity of the UAV itself shifts, and the UAV control system must respond to
such shifts to prevent or reduce the effects of the shifts on the quality, stability, or both, of the

images produced by the imaging device.

[0017] Unlike conventional systems, aspects of the present technology are directed to
anticipating the effect(s) of such commanded moves on the UAV center of gravity, and directing
compensatory changes (e.g., by changing the relative thrust of different propellers carried by the
UAV) before the effects of such changes are sensed on board the UAV. Accordingly, this approach
can reduce or eliminate the time required to compensate for changes in the attitude of the UAV

resulting from the motion of components such as (but not limited to) lenses and gimbals.

[0018] Several details describing structures or processes that are well-known and often
associated with UAVs and corresponding systems and subsystems, but that may unnecessarily
obscure some significant aspects of the disclosed technology, are not set forth in the following
description for purposes of clarity. Moreover, although the following disclosure sets forth several

embodiments of different aspects of the technology, several other embodiments can have different
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configurations or different components than those described in this section. Accordingly, the
technology may have other embodiments with additional elements or without several of the

elements described below with reference to Figures 1-5.

[0019] Figures 1-5 are provided to illustrate representative embodiments of the disclosed
technology. Unless provided for otherwise, the drawings are not intended to limit the scope of the

claims in the present application.

[0020] Many embodiments of the technology described below may take the form of
computer- or controller-executable instructions, including routines executed by a programmable
computer or controller. Those skilled in the relevant art will appreciate that the technology can be
practiced on computer or controller systems other than those shown and described below. The
technology can be embodied in a special-purpose computer or data processor that is specifically
programmed, configured or constructed to perform one or more of the computer-executable
instructions described below. Accordingly, the terms "computer” and "controller" as generally used
herein refer to any data processor and can include Internet appliances and handheld devices
(including palm-top computers, wearable computers, cellular or mobile phones, multi-processor
systems, processor-based or programmable consumer electronics, network computers, mini
computers and the like). Information handled by these computers and controllers can be presented
at any suitable display medium, including a CRT display or LCD. Instructions for performing
computer- or controller-executable tasks can be stored in or on any suitable computer-readable
medium, including hardware, firmware or a combination of hardware and firmware. Instructions
can be contained in any suitable memory device, including, for example, a flash drive, USB device,

and/or other suitable medium.

2. Representative Embodiments

[0021] Figure 1 is a partially schematic, isometric illustration of a representative UAV 100
configured in accordance with embodiments of the present technology. The UAV 100 can include
an airframe 110 that can in turn include a central portion 111 and one or more outer portions 112.
In a representative embodiment shown in Figure 1, the airframe 110 includes four outer portions
112 (e.g., arms 113) that are spaced apart from each other as they extend away from the central

portion 111. In other embodiments, the airframe 110 can include other numbers of outer portions
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112. In any of these embodiments, individual outer portions 112 can support components of a
propulsion system 120 that drives the UAV 100. For example, individual arms 113 can support
corresponding individual motors 121 that drive corresponding propellers 122. The motors 121 and
propellers 122 can be controlled to account for changes in the center of gravity 102 of the UAV, as

will be described in further detail later.

[0022] The airframe 110 can carry a payload 130, for example, an imaging device 131. In
particular embodiments, the imaging device 131 can include a camera, for example, a camera
configured to capture video data, still data, or both. The camera can be sensitive to wavelengths in
any of a variety of suitable wavelength bands, including visual, ultraviolet, infrared or combinations
thereof. In still further embodiments, the payload 130 can include other types of sensors, other
types of cargo (e.g., packages or other deliverables), or both. In many of these embodiments, the
payload 130 is supported relative to the airframe 110 with a gimbal 150 that allows the payload 130
to be independently positioned relative to the airframe 110. Accordingly, for example when the
payload 130 includes the imaging device 131, the imaging device 131 can be moved relative to the
airframe 110 to track a target. When the UAV 100 is not in flight, landing gear 114 can support the
UAYV 100 in a position that protects the payload 130, as shown in Figure 1.

[0023] In a representative embodiment, the UAV 100 includes a control system 140 having
some components carried on board the UAV 100 and some components positioned off the UAV
100. For example, the control system 140 can include a first controller 141 carried by the UAV 100,
and a second controller 142 (e.g., a human-operated, ground-based controller) positioned remote
from the UAV 100 and connected to the first controller 141 via a communication link 160 (e.g., a
wireless link). The first controller 141 can include an on-board computer-readable medium 143a
that executes instructions directing the actions of the UAV 100, including, but not limited to,
operation of the propulsion system 120 and the imaging device 131. The second controller 142 can
include an off-board computer-readable medium 143b, and one or more input/output devices 148,
e.g., a display 144 and control devices 145. The operator manipulates the control devices 145 to
control the UAV 100 remotely, and receives feedback from the UAV 100 via the display 144 and/or
other devices. In other representative embodiments, the UAV 100 can operate autonomously, in
which case the second controller 142 can be eliminated, or can be used solely for operator override

functions. The on-board computer-readable medium 143a can be removable from the UAV 100.
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The off-board computer-readable medium 143b can be removable from the second controller 142,

e.g., separable from the one or more input/output devices 148.

[0024] The UAV 100 can include several moveable components 101, including, but not
limited to, the gimbal 150, the imaging device 131, and individual elements of these devices. When
these components move, the UAV center of gravity 102 also moves in ways that may be subtle, but
still have an impact on the UAV 100. For example, such movements can disturb the stability of the
UAV 100 and therefore the stability of the images or other data obtained by the UAV 100, as

described in further detail below.

[0025] Figure 2 is a partially schematic, enlarged illustration of a portion of the UAV 100
shown in Figure 1, illustrating further details of the gimbal 150 and the imaging device 131. The
imaging device 131 can include one or more lenses 133 (one of which is visible in Figure 2) that
move along one or more corresponding lens motion axes 135. Each lens 133 has a lens center of
gravity 132 that moves along the lens motion axis 135 as the lens moves. A lens actuator 134
(shown schematically in Figure 2) drives the lens 133 along the lens motion axis 135. During
typical operations, the lens 133 is commanded to move, thus providing functions including, but not

limited to, focusing, de-focusing, zooming in, and zooming out.

[0026] The imaging device 131 has a corresponding imaging device center of gravity 132 that
moves when the gimbal 150 (which supports the imaging device 131) moves. In particular, the
gimbal 150 can rotate the imaging device 131 about an x axis (e.g., a pitch axis), as indicated by
arrow A, a y axis (e.g., a roll axis), as indicated by arrow B, and a z axis (e.g., a yaw axis), as
indicated by arrow C. The foregoing motions can be provided by corresponding gimbal actuators
151, identified individually as a first gimbal actuator 151a (that provides motion about the z axis), a
second gimbal actuator 151b (that provides motion about the y axis), and a third gimbal actuator
151c (that provides motion about the x axis). As the imaging device 131 moves relative to the
foregoing axes, the imaging device center of gravity 132 typically also moves. Furthermore, the
gimbal 150 itself has a gimbal center of gravity 152 that, for at least some motions, moves when the
gimbal 150 is commanded to position the imaging device 131 at a particular location, orientation, or

both.



WO 2017/214858 PCT/CN2016/085738

[0027] As a result of the motions undertaken by any one or more of the movable components
101 carried by the UAV 100, the UAV center of gravity 102 (shown in Figure 1) will also move.
The processes described further below can reduce or eliminate the impact of this motion on the
attitude of the UAV 100, and therefore on the quality of the data collected by the imaging device
131.

[0028] Figure 3A is a schematic illustration of the first controller 141, which can include a
processor 146, memory 147, and input/output devices 148. A control unit 149 directs the operation
of the various components of the UAV 100, including the propulsion system 120 described above.
A computer-readable medium 143 (which can be housed in, or include elements of, any of the
foregoing components) contains instructions that, when executed, direct the behavior of the
propulsion system 120 and other UAV systems. A first communication device 161a is configured
to provide wireless communication with a corresponding second communication device 161b

carried by the second controller 142, via the communication link 152.

[0029] Figure 3B is a flow diagram illustrating a process 300 for controlling a UAV in
accordance with representative embodiments of the present technology. Block 305 includes
receiving a first input corresponding to one or more characteristics of a moveable component
carried by the UAV. As discussed above, the moveable component can include one or more lenses
of an imaging device (e.g., a camera), the imaging device itself, a gimbal or other support apparatus
carrying the imaging device or any combination of the foregoing elements. In further embodiments,
the moveable component can include another device, in addition to or in lieu of the foregoing
devices or elements. The one or more characteristics of the moveable component can include the
component weight (block 306), the component position (block 307), or both. Elements of the data
corresponding to the first input can be fixed (e.g., the weight of the lens) or variable (e.g., the
position of the lens). Variable data can be obtained via one or more suitable sensors, e.g., motion
detectors, transducers, or other devices. When the moveable component includes the imaging
device, the gimbal, or other elements, the first input can include suitable weights and positions for
those elements. The weights and positions are then used to determine the position of a center of
gravity for the component(s) and/or changes in the position of the component center of gravity. The
position of the center of gravity can be stored in the computer-readable medium of the UAV 100 or

the second controller in advance of operating the UAV 100.
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[0030] Block 310 includes receiving a second input corresponding to a command to move the
moveable component. For example, the command can include a command to change the focus, the
zoom level, or both, of the imaging device, which in turn corresponds to a command to move one
more lenses of the imaging device. The command can include a target position for the moveable
component (block 311), a target speed with which the position is to be achieved (block 312), a
target direction for the motion, or any combination of the foregoing data. Again, some elements of
the data corresponding to the second input may be fixed, and others may be variable. For example,
the target position will typically vary from one command to another. The target speed may be the
same for all commands, or may be variable. For example, the target speed may be higher for large
commanded motions than for small commanded motions. As a particular example, the gimbal may
move at a faster rate when it is commanded to rotate 120° than when it is commanded to rotate 5°.
When the moveable component includes the imaging device, the gimbal, or other elements, the
second input can include corresponding suitable target positions (e.g., angular positions) and target

speeds (e.g., angular rotation rates).

[0031] Block 315 includes responding to the first and second inputs by directing a change in a
setting of the propulsion system, e.g., at least one propulsion device carried by the UAV. For
example, the change can include a change in the rotational speed of one or more propellers carried
by the UAV. In other embodiments, the change can be a change in the orientation of the propellers.
For example, if the motors and/or propellers tilt or otherwise change orientation relative to the
airframe, the change can include a change in that orientation. In general, the purpose of changing
the setting of the propulsion device is to account for an expected change in the center of gravity of
the UAV, caused by the movement of the moveable component. Accordingly, the process can
include determining an estimated change in the attitude of the UAV (block 316). The process can
also include directing the change in propeller speed (or other setting of the at least one propulsion
device) before the motion undergone by the component is sensed onboard the UAV (block 317).
The process can also include responding to the inputs, including the commands directed to the
moveable component, before the actual center of gravity shift of the components, the UAV, or both,

are detected (block 318).

[0032] Embodiments of the foregoing process are different than the process typically used in

conventional UAV control systems. Such conventional processes rely on detecting a change in
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attitude of the UAV resulting from the motion of components onboard the UAV, and then
responding by correcting the change in attitude. Embodiments of the processes described herein
effectively anticipate the change in attitude, and make one or more corrections to account for the
effects of the commanded motion of the component in parallel with the motion itself. As a result, it
is expected that the deviation in attitude experienced by the UAV as a result of the commanded
motion will be reduced, compared to a process of responding to a change in attitude only after the

attitude change has occurred and has been detected.

[0033] One result, as shown in block 320, is that the UAV attitude can be maintained despite
the shift in center of gravity caused by the moveable component. For example, as described below,
the propulsion system can be used to control the UAV attitude to remain the same, or to deviate
only slightly, from an initial or pre-movement attitude. In particular embodiments, the process can
include maintaining the UAV in a horizontal attitude, or in a selected attitude relative to horizontal,

and in other embodiments, the UAV can be maintained in other attitudes.

[0034] In block 325, the process includes receiving further inputs. Such inputs can include
the initial or pre-movement attitude of the UAV (block 326). This input can be used as a baseline
against which to control the attitude of the UAV, and minimize (or at least reduce) deviations from
the initial attitude, which would otherwise result from the commanded motion. Accordingly, the
process can include causing the airframe to maintain, move toward, or both maintain and move
toward (e.g., at different times) the pre-movement attitude. The pre-movement attitude can be
identified relative to any one or combination of the X, y, z axes (Figure 2), or relative to other
environmental markers (e.g., the horizon, or another horizontal reference). Still further inputs can
include inputs due to external forces (block 327) on the UAV (e.g., on the UAV airframe). For
example, the UAV may undergo attitude changes due to forces other than the movement of the
moveable component, such as forces due to changes in wind speed and/or direction. In block 320,
the further inputs are used in addition to the first and second inputs to change the speed of the

propeller, or other propulsion system setting.

[0035] Figure 4 is a block diagram illustrating a control scheme for executing the process
described above with reference to Figure 3B, in accordance with a representative embodiment of

the present technology. The process is described in the context of lens movement for purposes of

10
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illustration, and can be applied more generally to other moveable components (e.g., the imaging
device, gimbal, or both). A lens controller 470 (e.g., a component of the overall control system 140
described above), can issue a lens movement command 471 which is directed to the lens 133 (or
more particularly, the lens actuator 134). Information from the lens movement command 471, or
the lens movement command 471 itself, can also be directed as an input to a calculation process 472.
The calculation process 472, a particular embodiment of which will be described later with

reference to Figure 5, determines an estimated attitude change 473 caused by the lens movement.

[0036] The control scheme receives a target attitude 475, for example, a command from the
operator to attain or maintain a particular attitude. The target attitude 475 is summed with the
estimated change in attitude 473 and a feedback input 482 at a first summation node 474a, which
represents the entry point to the main control loop 485 for controlling the attitude of the UAV. The
results are directed to a PID controller 477 which issues commands to motor drivers 478 (e.g.,
drivers for the motors 121 shown in Figure 1) to change the attitude of the drone 100. The attitude
of the drone 100 is an input to a second summation node 474b, which also receives input from
external forces such as the wind 479, and actual measured information (e.g., a measured change in
the lens center of gravity) resulting from the movement of the lens via a third summation node 474c.
The resulting output attitude angle 474 is directed to a gyro 480, which provides output to a transfer
function 481, which in turn provides the feedback input 482 to the first summation node 474a.
Accordingly, the control loop uses calculated information determined via the calculation process
472 to change the attitude of the UAV in anticipation of a center of gravity shift caused by a
moving component, and combines that information with actual measured data in a feedback loop to

expedite the process of directing the UAV to its target attitude.

[0037] Figure 5 illustrates a representative flow diagram 500 for executing the calculation
process 472 described above with reference to Figure 4. The process is described in the context of a
moving lens. Suitably similar or identical processes can be used for other moveable components in
other embodiments. Block 502 includes receiving a lens movement command. Block 504 includes
receiving a gimbal current attitude, lens current position, target position for the lens, target speed
for the lens, and a start time stamp (Ts) corresponding to the time at which the lens movement will

be initiated. At block 506, the process includes calculating an end time stamp (Te) at which the

11
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lens will stop moving. The end time stamp Te is determined based on the current position, target

position, and target speed of the lens.

[0038] At block 508, the process determines whether the current time stamp Ts is greater than
the end time stamp Te. If it is, then the motion has been completed before the process can actively
anticipate it, and the process ends. If not, the process includes determining the frame time of the

main control loop 485 (Figure 4) used to control the UAV attitude.

[0039] Block 512 includes calculating an estimated change in attitude angle for each control
frame between the start time Ts and the end time Te resulting from the lens movement. For
example, if the main control loop 485 operates at 500 Hz and the duration of the lens movement is
0.5 seconds, the process includes determining the attitude change angle for 250 frames. In block
514, the process determines whether the current time is less than the start time Ts. If it is, the
process loops until the start time is reached. Once the start time Ts is reached, the process includes
outputting the estimated (e.g., calculated) change in attitude angle to the main control loop 485 for
each frame of the main control loop (e.g., on a frame-by-frame basis). Once the end time Te has
been reached, the process ends and awaits a new input corresponding to a new lens movement

command.

[0040] One feature of several of the embodiments described above is that rather than simply
measuring the effect of a change in the center of gravity of the UAV resulting from the motion of a
component on the UAV, the process actively determines what the change in center of gravity will
be, and updates the aircraft attitude based on this calculation. As shown in the Figures, this
approach can be supplemented by an actual measurement of the aircraft attitude. But by changing
the attitude in parallel with the center of gravity change, rather than purely in response to a center of
gravity change (or attitude change) that has already occurred, the extent to which the UAV attitude

deviates from the target attitude can be reduced or eliminated.

[0041] From the foregoing, it will be appreciated that specific embodiments of the technology
have been described herein for purposes of illustration, but that various modifications may be made
without deviating from the technology. For example, particular embodiments were described above
in the context of moveable cameras, camera lenses, gimbals, or any combination of the foregoing

elements. In other embodiments, the moveable component can include other moveable elements
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carried by the UAV. In general, such moveable elements do not include the propellers themselves,
because the movement of the propellers typically does not change the center of gravity of the UAV.
However, in particular embodiments, for example, embodiments for which the center of gravity of
the propeller shifts during maneuvers (e.g., if the propeller tilts), then the moveable component can
include the propeller. Particular embodiments described above include weight (alone or in
combination with other component data) as a component characteristic upon which further
determinations are made. In other embodiments, the component characteristic(s) can include other

information.

[0042] In particular embodiments, the inputs received by the computer-readable medium,
which provide a basis for the instructions executed by the computer-readable medium, were
described in the context of first and second inputs. Such inputs need not be received separately, and
in particular embodiments, can be received together as part of a single communication.

Accordingly, the form in which the inputs are received can vary from one embodiment to another.

[0043] Particular embodiments were described above in the context of a propulsion system
that includes multiple, motor-driven propellers. In other embodiments, the propulsion system can
include other devices that propel the UAV and position the UAV in a particular attitude. For
embodiments that include one or more motor-driven propellers, such embodiments can include four
motor-driven propellers, as shown in Figure 1, or other numbers of motor-driven propellers in other
embodiments. In still further embodiments, the UAV can have overall configurations other than

those specifically shown or described herein.

[0044] Particular embodiments of the process for accounting for or accommodating an
anticipated change in the CG location of the UAV, based upon a command to move a moveable
component, were described above in the context of Figures 3B-5. In other embodiments, the
processes can be performed in accordance with instructions or method steps performed in

accordance with other sequences, or via control loops having other characteristics, or both.

[0045] Certain aspects of the technology described in the context of particular embodiments
may be combined or eliminated in other embodiments. For example, some embodiments include
accounting for the movement of a particular component (e.g., a camera lens). In other embodiments,

the techniques can include accounting for changes in the center of gravity location for multiple
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components (e.g., a camera lens, the camera carrying the camera lens, and the gimbal carrying the
camera). In some embodiments, certain values can be stored in memory, with the same value used
over and over again for each execution of the process. In other embodiments, such values may be

re-received each time the process is executed.

[0046] Further, while advantages associated with certain embodiments of the technology have
been described in the context of those embodiments, other embodiments may also exhibit such
advantages, and not all embodiments need necessarily exhibit such advantages to fall with within
the scope of the present technology. Accordingly, the present disclosure and associated technology

can encompass other embodiments not expressly shown or described herein.

[0047] To the extent any materials incorporated herein conflict with the present disclosure,

the present disclosure controls.

[0048] At least a portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile reproduction
by anyone of the patent document or the patent disclosure, as it appears in the Patent and

Trademark Office patent file or records, but otherwise reserves all copyright rights whatsoever.
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CLAIMS

1I/We claim:

1. An unmanned aerial vehicle (UAV) apparatus, comprising:
an airframe;
a propulsion system carried by the airframe and including at least one motor coupled to at
least one corresponding propeller;
at least one moveable component carried by the airframe, the at least one moveable
component including at least one portion of a camera, or at least one portion of a
gimbal, or both; and
a control system programmed with instructions that, when executed:
receive a first input corresponding to a weight of the at least one moveable
component;
receive a second input corresponding to a command to move the at least one
moveable component;
in response to the first and second inputs, determine an expected change in a center
of gravity of the at least one moveable component; and
based at least in part on the expected change in the center of gravity of the at least

one movable component, direct a change in a speed of the at least one motor.

2. The apparatus of claim 1 wherein the second input is directed to both the controller
and an actuator coupled to the at least one moveable component, and wherein the actuator is
configured to move the at least one moveable component in response to the second input, and
wherein the instructions, when executed, direct the change in the speed of the at least one motor
before movement of the at least one component in response to the command is sensed on board the

airframe.

3. The apparatus of claim | wherein the at least one moveable component includes a

lens of the camera.
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4. The apparatus of claim 3 wherein the command to move the at least one moveable

component includes a command to zoom the lens.

3. The apparatus of claim 3 wherein the command to move the at least one moveable

component includes a command to change a focal point of the lens.

6. The apparatus of any one of claims 1-5 wherein the at least one moveable component

includes the gimbal.

7. The apparatus of any one of claims 1-5 wherein the at least one moveable component

includes both the at least one portion of the camera and the at least one portion of the gimbal.

8. The apparatus of claim 7 wherein the first input includes a weight of a lens carried

by the camera and a weight of the at least one portion of the gimbal.

9. The apparatus of claim 8 wherein the second input includes a target location for the

lens and a target orientation of the at least one portion of the gimbal.

10. The apparatus of claim 9 wherein the second input includes a target speed of the lens

and a target speed of the at least one portion of the gimbal.

1. The apparatus of claim 1 wherein the second input includes a target location for the

at least one moveable component and a target speed of the at least one moveable component.

12. The apparatus of claim | wherein the second input includes a target movement

direction for the at least one moveable component.

13. The apparatus of claim 12 wherein the gimbal carries the camera, and wherein the

second input further includes an orientation of the gimbal.
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14. The apparatus of claim 1 wherein the instructions, when executed, receive a further
input corresponding to an actual change in the center of gravity of the at least one moveable
component, and wherein directing the change in the speed of the at least one motor is based at least

in part on the further input.

15. The apparatus of claim 1 wherein the instructions, when executed receive a further
input corresponding to an external force applied to the airframe, and wherein directing the change

in speed of the at least one motor is based at least in part on the further input.

16. The apparatus of claim 1 wherein the airframe has a pre-movement attitude prior to
the controller receiving the second input, and wherein directing the change in the speed of the at
least one motor includes causing the airframe to maintain, move toward, or both maintain and move

toward, the pre-movement attitude.

17. The apparatus of claim 16 wherein the pre-movement attitude includes an orientation

of the airframe relative to at least one of a pitch axis, a roll axis and a yaw axis of the airframe.

18. The apparatus of claim 16 wherein the pre-movement attitude includes an orientation

of the airframe relative to horizontal.

19. An unmanned aerial vehicle (UAV) apparatus, comprising:

an airframe;

a propulsion system carried by the airframe and including at least one propulsion device;

a moveable component carried by the airframe; and

a control system programmed with instructions that, when executed:
receive a first input corresponding to a characteristic of the moveable component;
receive a second input corresponding to a command to move the moveable

component; and

in response to the first and second inputs, direct a change in a setting of the at least

one propulsion device.
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20. The apparatus of claim 19 wherein the moveable component includes at least a

portion of a camera carried by the airframe.

21. The apparatus of claim 20 wherein the moveable component includes a lens of the

camera.

22. The apparatus any one of claims 19-21 wherein the moveable component includes at

least a portion of a gimbal carried by the airframe.

23. The apparatus of claim 19 wherein the moveable component includes at least a

portion of a camera carried by a gimbal, and wherein the gimbal is carried by the airframe.

24. The apparatus any one of claims 19-23 wherein the propulsion device includes

motor-driven propeller.

25. The apparatus of claim 24 wherein the setting includes a speed setting of the motor.

26. The apparatus of claim 24 wherein the setting includes an orientation of the motor-

driven propeller.

27. The apparatus of claim 24 wherein the wherein the motor-driven propeller is one of a

plurality of motor-driven propellers carried by the airframe.

28. The apparatus any one of claims 19-27 wherein the characteristic of the moveable

component includes a weight of the component.

29. The apparatus any one of claims 19-27 wherein the characteristic of the moveable

component includes an initial position of the component.
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30. The apparatus any one of claims 19-27 wherein the characteristic of the moveable

component includes an initial orientation of the component.

31. The apparatus of claim 19 wherein:
the propulsion device includes at least one motor-driven propeller;
the moveable component includes a moveable camera lens;
the first input includes:
a weight of the camera lens; and
an initial location of the camera lens;
the second input includes:
a target location for the camera lens;
at least one of the first and second inputs includes a target speed for moving the camera lens;
the instructions, when executed:
receive a further input corresponding to an initial attitude of the airframe;
determine an estimated subsequent location of the camera lens, based on the initial
location, the target location and the target speed;
determine an estimated change from the initial attitude of the airframe based at least
in part on the estimated subsequent location of the camera lens and the
weight of the camera lens; and
in response to the first and second inputs, direct a change in a speed of the at least
one motor-driven propeller to position the airframe in the initial attitude, or
maintain the airframe in the initial attitude, or both, before a movement of the
lens in response to the command to move the moveable component is sensed

on board the airframe.

32. A control apparatus for an unmanned aerial vehicle (UAV), comprising:
a control system; and
a computer-readable medium carried by the control system and programmed with

instructions that, when executed:
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receive a first input corresponding to a characteristic of a moveable component
carried by the UAV;

receive a second input corresponding to a command to move the moveable
component; and

in response to the first and second inputs, direct a change in a rotational speed of a

propeller carried by the UAV.

33. The apparatus of claim 32 wherein the moveable component includes at least a

portion of a camera carried by the UAV.

34. The apparatus of claim 33 wherein the moveable component includes a camera lens.

35. The apparatus of claim 34 wherein the instructions, when executed:

receive a further input corresponding to an initial attitude of the UAV;

determine an estimated subsequent location of the lens, based on an initial location of the
lens, a target location of the lens and a target speed of the lens;

determine an estimated change from the initial attitude of the UAV based at least in part on
the estimated subsequent location of the lens and a weight of the lens; and

direct the change in the speed of the propeller to drive the UAV to the initial attitude, or
maintain the UAYV in the initial attitude, or both, before a movement of the lens in

response to the instruction to move the moveable component is sensed on board the

UAV.

36. The apparatus of claim 35 wherein the further input is a first further input, and
wherein the instructions, when executed:
receive a second further input corresponding to a detected deviation from the initial attitude;
and
direct the change in the rotational speed of the propeller in response to the first input, the

second input, the first further input and the second further input.
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37. The apparatus of claim 31 wherein the moveable component includes at least a

portion of a gimbal carried by the airframe.

38. The apparatus of claim 31 wherein the moveable component includes at least a

portion of a camera carried by a gimbal, and wherein the gimbal is carried by the airframe.

39. The apparatus of claim 31 wherein the characteristic of the moveable component

includes a weight of the component.

40. The apparatus of claim 31 wherein the instructions, when executed, direct the

moveable component to move in accordance with the instruction to move.

41. A method for configuring a control system for an unmanned aerial vehicle (UAV),
comprising:
programming a computer-readable medium with instructions that, when executed:
receive a first input corresponding to a characteristic of a moveable component
carried by the UAV;
receive a second input corresponding to a command to move the moveable
component; and
in response to the first and second inputs, direct a change in a rotational speed of a

propeller carried by the UAV.

42. The method of claim 41 wherein the first input corresponds to a weight and a

location of the moveable component.

43. The method of claim 41 wherein the moveable component includes at least a portion

of a camera carried by the airframe.

44. The method of claim 43 wherein the moveable component includes a lens of the

camera.
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45. The method of claim 41, further comprising programming the computer-readable
medium with instructions that, when executed:
direct the change in the rotational speed of the propeller, based in at least in part on a

detected change in an attitude of the UAV.

46. The method of claim 41 wherein the moveable component includes a camera.

47. The method of claim 41 wherein the moveable component includes an imaging
device.

48. The method of claim 41 wherein the moveable component includes a gimbal.

49. The method of claim 41 wherein the instructions, when executed:

receive a further input corresponding to an initial attitude of the UAV;

determine an estimated subsequent location of the moveable component based on an initial
location of the moveable component, a target location of the component, and a target
speed of the component;

determine an estimated change from the initial attitude of the UAV based at least in part on
the estimated subsequent location of the moveable component and a weight of the
moveable component; and

direct the change in the speed of the propeller to drive the UAV to the initial attitude, or

maintain the UAV in the initial attitude, or both.
50. The method of claim 49 wherein the instructions, when executed, direct the change
in the speed of the propeller before a movement of the moveable component in response to the

instruction to move the moveable component is sensed on board the UAV.

51. The method of claim 49 wherein the further input is a first further input, and wherein

the instructions, when executed:
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receive a second further input corresponding to a detected deviation from the initial attitude;
and
direct the change in the rotational speed of the propeller in response to the first input, the

second input, the first further input and the second further input.

52. A computer-implemented method for flying an unmanned aerial vehicle (UAV),
comprising:
receiving a first input corresponding to a characteristic of a moveable component carried by
the UAV;
receiving a second input corresponding to a command to move the moveable component;
and
in response to the first and second inputs, directing a change in a rotational speed of a

propeller carried by the UAV.

53. The method of claim 52 wherein the moveable component includes at least a portion

of an imaging device carried by the UAV.

54. The method of claim 52 wherein the moveable component includes at least a portion

of a camera carried by the UAV.

55. The method of claim 54 wherein the moveable component includes a camera lens.

56. The method of claim 55, further comprising:

receiving a further input corresponding to an initial attitude of the UAV;

determining an estimated subsequent location of the lens, based on an initial location of the
lens, a target location of the lens and a target speed of the lens;

determining an estimated change from the initial attitude of the UAV based at least in part
on the estimated subsequent location of the lens and the weight of the lens; and

directing the change in the rotational speed of the propeller to position the UAV in the initial

attitude, or maintain the UAYV in the initial attitude, or both, before a movement of
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the lens in response to the instruction to move the moveable component is sensed on

board the UAV.

57. The method of claim 56 wherein the further input is a first further input, and wherein

the method further comprises:
receiving a second further input corresponding to a detected change in an attitude of the
UAYV, wherein directing a change in a speed of the propeller is based at least in part

on the first input, the second input, the first further input and the second further input.

58. The method of claim 52 wherein the moveable component includes at least a portion

of a gimbal carried by the UAV.

59. The method of claim 52 wherein the moveable component includes at least a portion

of a camera carried by a gimbal, and wherein the gimbal is carried by the UAV.

60. The method of claim 52 wherein the characteristic of the moveable component

includes a weight of the component.

24



PCT/CN2016/085738

WO 2017/214858

5

4 y
Y prrrrraa

e .

N
?‘Wv‘z

S ppy

\\\\\\

. SIS
% S, . et
e i -~ il
nremnr Ay P .
it NS o . T cntiil S A
e i S i .., :Mw

e T

l?}:fh?:ft\lﬂ.\\}ﬁnﬂ\f@

oot

o o
\Wh.n\iiﬂm

;Wuu«u,uﬁ\wﬂ.mhw&n. NWW

oo I
A o, - /

e

; ;
LAt o
Z W\Wﬂz\wwx
e, . \\\\s\r\i\ -~ sm\\smw&ﬂ\vmf\ = .‘.\

T S, <\\.

R4 =

1/6



PCT/CN2016/085738

WO 2017/214858

¢ 9l

peL zg B e P

e, W .

R .

\M.X..\\ e - -
]

[{ el o & .

-~ a.,,ﬂ.s.s.s.s% L Ty T, 23 w
e . o - 2 o o A m
3 % e N . S e O W ot > et \‘«

£

|

b

b
SRR

i
N

- s
A, e ik

gy

b
T
S
Sy
o~
53
e
w2
Y

. v

B L

4 -~ \,\.
god ;
B e b e H
e ] ‘
o
e |
“ i H
., 3
i,
s R A R T M o arrrmn,

2/6



PCT/CN2016/085738

WO 2017/214858

141
143

o,

h
Py

3/6



WO 2017/214858 PCT/CN2016/085738

300 Receive a first input corrasponding {0 a charactaristic of @ moveable m}? 0
\5 component carded by the UAY f
\ Companant waight LN
368
Component position N
? ’ 90 T o7
e -~ T - ) 310
Receive 2 second input corresponding o a command o move the moveable [~ 2
somponent s’
T rget poattion S
arget poaili St
iTarg‘et sprad N
% 312
iy response o the first and second inpuls, direct 8 change i seliing of the (,,,\ 3‘75
propulsion system spaed of a propsller carded by the UAY ;
Caterming estimated change in atifude e
| 316
Cinset changs in propefler spead before
coniponent motion is sensed onboard the UAV --—f“‘§ 17
| Raspond to inputs befors the actual og shiftis
delected Y
, a8
326

Maintain UAV atfitude despite shifl in cg causad by moveable componant s

. . s 328
Recaive further inpuls S
LAV inifial atitude .
328
External forces -
| 327
_ ‘ 330
Use further inpuls {o disect the changs in propelier speed s

Fig. 3B

4/6



PCT/CN2016/085738

5/6

WO 2017/214858

o8y
ey sS4
-, o
Doe (5] < % B (D Sy
= . v - 7 \M,. . ! 3
\:bu D¢ SN OI0H SBYORIOT (i a\\w.u L/ 4 60|
iy + // ety
4154
B2y D
SR04 » 5
reLog J\r\»wﬁw Emam&.aa

S4By AG pRROED

[4s1d afiueys apryie

afups pajEUST
poinsea e
y 3 m
“““““““““ #i P % S iy
JDYENDY SUgl | ) SGRNCY SUST \ SEA0I UOIBINOED
T B x\ :
ond by L




WO 2017/214858

Recoiva Lons
move commang
502

Receive pimbal corrent aliiude, fens current
position, lens farget position, lens {arget speed
ard star timestamp {Ts) of the fuhure fens
movemant

Y

k.4

Calculate the Emestamp {Te) at which lans stops
froving
806

Caleulate the estimated changs of attitude angle
for each contral fams batween Ts and Te,
reaulting from the lens moverment

§12
¥
«"x?‘urr;;x
T Gt S ves
T fime < Ts¥ s
~_ B4

o

FO

Outpud the estimatad change of attitude angle to
cordr loop for eanh fame
518

Fig. 5

6/6

PCT/CN2016/085738

ERt]



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2016/085738

A, CLASSIFICATION OF SUBJECT MATTER
B64C 39/02(2006.01)i; B64D 47/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B64C; B64D; A63H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, EPODOC, WPIL:"SZ DJI TECHNOLOGY CO LTD", "QUzongyao", UAV?, attitude, drone, aerial, weight,
position?, orientation, location, camera, lens+, moveable, gimbal, mov+, motion, focus+, zoom+, gravity, CG, center, speed,
motor?, propulsion, propeller

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011290937 A1 (BAE SYSTEMS P.L.C.) 01 December 2011 (2011-12-01) 1-60
description, paragraphs 6, 18, 19, 31to38, andfig. 19
X US 9139310 B1 (SZ DJI TECHNOLOGY CO., LTD.) 22 September 2015 (2015-09-22) 19-27, 29, 30,
32-34, 41, 43-

48, 52-55, 58, 59
description, columns 25to 27, and fig. 19

A CN 105472252 A (ZEROTECH BENING INTELLIGENCE TECH. CO., LTD.) 06 April 1-60
2016 (2016-04-06)
the whole document

A CN 103394199 A (PARROT) 20 November 2013 (2013-11-20) 1-60

the whole document

A CN 204592779 U (ZEROTECH BEIJING INTELLIGENCE TECH. CO., LTD.)26 August 1-60
2015 (2015-08-26)

the whole document

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “1” later document published after the international filing date or priority
- L . date and not in conflict with the application but cited to understand the
“A” document defining the general state of the art which is not considered principle or theory underlying the invention
to be of particular relevance . . ‘ ‘
. L . . . «“X” document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

L dpcgment Wllljll‘?hhntlﬁy ﬂlfglw dpubtfl on pl%lorlt);hclam‘l(s)‘ or Whlctllllls «“y” document of particular relevance; the claimed invention cannot be
cted tlo establish the Pf‘% dlcatlon ate of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

“p» document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
17 February 2017 03 March 2017

Name and mailing address of the [SA/CN Authorized officer

STATE INTELLECTUAL PROPERTY OFFICE OF THE

P.R.CHINA

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing L1, Yanqin

100088

China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62414439

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2016/085738
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 105473442 A (E.-T.H. ZURICH) 06 April 2016 (2016-04-06) 1-60

the whole document
A CN 205150247 U (ZEROTECH BENJING INTELLIGENCE TECH. CO., LTD.) 13 April 1-60

2016 (2016-04-13)

the whole document
A US 2014055613 Al (KABUSHIKI KAISHA TOPCON) 27 February 2014 (2014-02-27) 1-60

the whole document

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2016/085738
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
[N 2011290937 Al 01 December 2011 AU 2009316987 Al 27 May 2010
WO 2010058195 Al 27 May 2010
EP 2356022 Al 17 August 2011
AU 2009316987 B2 06 September 2012
[N 8720816 B2 13 May 2014
BR PI0920950 A2 29 December 2015
IL 213024 A 31 August 2015
EP 2356022 Bl 01 May 2013
CA 2744204 Al 27 May 2010
[N 9139310 B1 22 September 2015 WO 2016019567 Al 11 February 2016
[N 9346560 B2 24 May 2016
[N 9440545 B2 13 September 2016
[N 2016039540 Al 11 February 2016
[N 2016236582 Al 18 August 2016
CN 105472252 A 06 April 2016 None
CN 103394199 A 20 November 2013 FR 2985581 Al 12 July 2013
[N 2013176423 Al 11 July 2013
FR 2985581 Bl 28 November 2014
EP 2613214 Al 10 July 2013
JpP 2013139256 A 18 July 2013
CN 204592779 U 26 August 2015 None
CN 105473442 A 06 April 2016 EP 3007973 Al 20 April 2016
[N 2016152321 Al 02 June 2016
[N 2016107751 Al 21 April 2016
WO 2014198642 Al 18 December 2014
WO 2014198641 Al 18 December 2014
JpP 2016524567 A 18 August 2016
CN 205150247 8] 13 April 2016 None
[N 2014055613 Al 27 February 2014 Jp 2014044067 A 13 March 2014

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

