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(57) Abstract: A system, a method, and a device for controlling a carrier (102, 305, 1104, 8, 1120, 1302) configured to support a
plurality of different types of payload (100, 307, 9, 1102, 1304), the method comprising: obtaining at least one motion characteristic
(401)of the carrier (102, 305, 1104, 8, 1120, 1302) when the carrier (102, 305, 1104, 8, 1120, 1302) is supporting a type of payload
(100, 307, 9, 1102, 1304) from said plurality, wherein said motion characteristic (401) is indicative of the type of payload (100, 307,
9, 1102,1304) being supported by the carrier (102, 305,1104, 8, 1120, 1302); and selecting a set of control parameter (s)(405) from
a plurality of different sets of control parameter (s)(405) based on said motion characteristic (401), wherein the selected set of control
parameter (s)(405) is suitable for controlling movement of the carrier (102, 305, 1104, 8, 1120, 1302) for the type of payload (100, 307,
9, 1102,1304) being supported by the carrier (102, 305,1104, 8, 1120, 1302), and wherein each individual set of control parameter(s)
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(405) is suitable for controlling the carrier (102, 305,1104, 8,1120, 1302) that supports a type of payload (100, 307, 9, 1102, 1304) that
is different from another payload (100, 307, 9, 1102, 1304) in said plurality of payloads (100, 307, 9, 1102, 1304).
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METHOD AND SYSTEM FOR ADAPTIVE GIMBAL

BACKGROUND
[0001] In m any a pplications, payloads need to be st abilized s ot hat they are notaffect ed by
vibrations and unwanted m ovements. O ne technology used to stabilize a payload m ounted on a
movable platform (su chas a ircrafts, hu man, vehicle) 1 s active st abilization. Typ ically, active
stabilization systems such as an Inertial Stabilization Platform (ISP) or a gimbal system use motors
to counteract any vibration or undesired m ovements det ected by motion s ensors. From a control
perspective, s uch gimbal s ystem is built as as ervo m otion control s ystem an d the dynamic
performance of the system may be affected by the physical characteristics of the payloads. In some
situations, it would be difficult to use a fixed set of control parameters to c ontrol payloads having
different physical characteristics such as moment of inertia. For instance, in the absence of a payload,
alo wm oment of inertial of the sy stem may re sult in th e sy stem experiencing uncontrollable
oscillation, which can damage the mechanical system. In another instance, an imbalanced mounting
of the payload may give rise to a large moment of inertia which may cause a motor overloads, which

can damage the motor.

SUMMARY

[0002] Therefore there exists a need for apparatus and methods that can allow a stabilizing platform
of a carrier to automatically adapt to different types of payloads, and provide protect to the platform
from damage caused by improper mounting of payloads. The present invention addresses this need
and provides related advantages as well.

[0003] In one aspect, the present invention provides a method or controlling a carrier configured to
support a plurality of different types of payload. In practice, the method may comprise: obtaining at
least one motion characteristic of the carri er when the carrier is supporting a ty pe of payload from
said plurality, wherein said motion characteristic is indicative of the type of payload being supported
by the carrier; and selecting a set of control parameter(s) from a plurality of different sets of control
parameter(s) based on said motion characteristic, wherein the selected set of control parameter(s) is
suitable f or c ontrolling m ovement of the carrier for the type of payload being s upported by the
carrier, and wherein each individual set of control parameter(s) is suitable for controlling the carrier

that supports a type of payload that is different from another payload in said plurality of payloads.
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[0004] In some embodiments, the set of control parameters(s) may be automatically selected from
the plurality of different sets of control parameter(s) with aid of one or more processors without any
user input. In some embodiments, the set of control parameter(s) is s elected from the plurality of
different sets of control parameter(s) with aid of one or more processors when the carrier supporting
the type of payload from said plurality of different types is in motion. The method of controlling the
carrier may comprise effecting movement of the carrier based in part on the selected set of control
parameter(s) . The movement of the carrier comprises an angular displacement, an angular velocity,
and/or an angular acceleration of the carrier and the movement of the carrier is effected relative to a
movable object to which the carrier is operably coupled. In some embodiments, the movable object
is a h andheld sup port member and the carrier i s op erably coup led to the mo vable ob ject via a
releasable coupling. In some embodiments, the selected set of control parameter(s) is su itable for
effecting th e movement of the carrier to achievea predefined 1evel of a ctuation c ontrol and /or
response speed wh en the carrier is supporting the type of payload from said plurality of different
types of payload.

[0005] In some embodiments, the plurality of different types of pa yload can be controlled by the
carrier are different in at least one of the following aspects: (1) mass, (11) center of gravity, (ii1) size,

(iv) shape, (v) payload function, or (vi) type of material of the payload. The plurality of different
types of payload comprise different types of imaging devices. In some embodiments, the different
types of im aging devices are ¢ onfiguredt ob e operably ¢ oupled to the ¢ arrieri1 n different
configurations.

[0006] In some embodiments, the at least one motion characteristic utilized in the present invention
may comprise a vibration motion of the carrier. In some cases, the vibration motion can be obtained
using one or more inertial se nsors located on the carrier. Th e vibration motion of the carrier is
generated by initially effecting movement of the carrier using a set of reference control parameter(s).
In some cases, the vibration motion of the carrier is indicative of a torque response of the carrier for
the set of reference c ontrol parameter(s) and the set of control parameter(s) is se lected from the

plurality of different sets of control parameter(s) based on the torque response of the carrier. The set
of reference control parameter(s) are used to assess the type of payload that is being supported by the
carrier. In some embodiments, the plurality of different sets of control parameter(s) are obtained by
adjusting one or more parameters from the set of reference control parameter(s) and the at least one
motion characteristic of the carrier is configured to change as the one or more parameters from the

set of reference control parameter(s) is being adjusted. The vibration motion of the carrier changes as
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the one or m ore parameters from the set of re ference control parameter(s) are being a djusted. In
some cases, the set of control parameter(s) is selected from the plurality of different sets of control
parameter(s) to reduce the vibration motion of the carrier when the carrier is supporting the type of
payload from said p lurality of different types. In other cases, the set of ¢ ontrol p arameter(s) is
selected from the plurality of different sets of control parameter(s) to achieve a predefi ned level of
actuation control and/or response speed when the carrier is supporting the type of payload from said
plurality of different types.

[0007] In some e mbodiments, se lecting the set of ¢ ontrol pa rameter(s) f rom the plurality of
different sets of c ontrol parameter(s) comprises comparing the at least one motion characteristic of
the carrier to a plurality of differ ent motion characteristic models of t he carrier for the plurality of
different types of pa yload. I ns ome cases, thes etof control parameter(s) is selec ted fora
corresponding ty pe of payload when the at | east one motion characteristic of the carrier matches a
motion characteristic model for the corresponding type of payload.

[0008] In some embodiments, the at least one motion characteristic of the carrier can be obtained
when a signal is applied to the carrier when the carrier is s upporting the type of payload from said
plurality of different types. In some cases, the signal has a preassessed frequency and/or amplitude.
In some cases, the carrier may comprise at least one motor, and the signal is augmented to an output
torque o f the at least one motor. The motion ch aracteristic o f th e carrier co mprises an a ngular
acceleration of the carrier and the angular acceleration of the carrier is obtained using one or more
inertial sensors located on the carrier. In this case, selecting the set of control parameter(s) from the
plurality of different sets of control parameter(s) comprises comparing the angular acceleration of
the carrier to a plurality of different angular acceleration responses of the carrier for the plurality of
different types of payload. The set of control parameter(s) is selected for a ¢ orresponding type of
payload when the angular acceleration of the carrier matches an angular acceleration response for the
corresponding type of payload.

[0009] In some embodiments, the set of control parameter(s) utilized to control the carrier is suitable
when t he carrier i s supporting a given type of payload from t he plurality of different t ypes of
payload. I n s ome em bodiments, the c arrier is as ingle-axis g imbal or a m ulti-axis gimbal a nd
comprises at least one frame. The carrier comprises at least one motor for actuating the at least one
frame re lative to a mov able object to which the carrier is coupled. The carrier may be r otatably
coupled to the movable object and is configured to rotate relative to the movable object about one or

more rotational axes.
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[0010] In a separate yet related aspect, the present invention provides an apparatus for controlling a
carrier configured to support a plurality of different types of payload, the apparatus comprising one
or more processors that are individually or ¢ ollectively configured to: obtain at least one motion
characteristic o f the carrier when the carrier is supporting a type of payload from said plurality,
wherein said motion characteristic is indicative of the type of payload being supported by the carrier;
and select a set of control parameter(s) from a plurality of different sets of cont rol param eter(s)
based on said motion characteristic, wherein the selected set of control parameter(s) is s uitable for
controlling m ovement of the carrier for the type of payload being supported by the ¢ arrier, and
wherein individual sets of control parameter(s) in said plurality of control parameter(s) are suitable
for controlling the carrier when supporting the different types of payload.

[0011] In another related aspect, the present in vention provides a system for controlling a carrier
configured to support a plurality of different ty pes of payload, the sy stem comprising: a movable
object; the carrier b eing c onfigured to operably couple a type of payload from said plurality of
different t ypes tot he m ovable object; and o ne or m ore pr ocessors thata re, i ndividually or

collectively, configured to: obtain at least one motion characteristic of the carrier when the carrier 1s
supporting the type of payload from said plurality, wherein said motion characteristic is indicative of
the type of payload being supported by the carrier; and select a set of control parameter(s) from a
plurality of different sets of control parameter(s) based on said motion characteristic, wherein the
selected set of control parameter(s) is suitable for controlling movement of the carrier for the type of
payload being supported by the carr ier, and wherein individual sets of control parameter(s) in said
plurality of control parameter(s) are suitable for controlling the carrier when supporting the different
types of payload.

[0012] In some embodiments, the carrier controlled by the system is a single-axis gimbal or a multi-
axis gimbal and may comprise at least one frame. The carrier may comprise at least one motor for
actuating the at lea st one f rame relative to a movable object to which the carrier is coupled. The
carrier may be rotatably coupled to the movable object and is configured to rotate relative to the
movable object about one or more rotational axes. In s ome em bodiments, m ovable o bject can be
selected from a group consisting of an unmanned aerial vehicle (UAV) or a handheld support.

[0013] In a sep arate y et another related asp ect, th e present invention provides a n on-transitory
computer-readable medium storing instructions that, when executed, causes a computer to perform a
method for controlling a carrier configured to support a plurality of different types of payload, the

method comprising: obtaining at least one motion characteristic of the carrier when the carrier is
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supporting a type of payload from said plurality, wherein said motion characteristic is indicative of
the type of payload being supported by the carrier; and selecting a set of control parameter(s) from a
plurality of different sets of control parameter(s) based on said motion characteristic, wherein the
selected set of control parameter(s) is suitable for controlling movement of the carrier for the type of
payload being supported by the carr ier, and wherein individual sets of control parameter(s) in said
plurality of control parameter(s) are suitable for controlling the carrier when supporting the different
types of payload.

[0014] In a another a spect, th e pre sent i nvention provides m ethod for detecting a payload on a
carrier configured to s upport the payload, the method c omprising: obtaining at least o ne m otion
characteristic o f th e carri er, wherein said motion characteristic is indicative of a coupl ing state
between the carrier and the payload ; and assessing the coupling state between the carrier and the
payload b ased ont he atle ast o ne motion characteristic, wherein assessing the coupling state
comprises assessing (1) whether the payload is coupled to the carrier, and/or (2) whether the payload
is correctly mounted.

[0015] In some embodiments, the coupling state between the carrier and the payload is automatically
assessed with aid of one or more processors without any user input. The coupling state between the
carrier and the payload is automatically assessed with aid of one or more processors when the carrier
is supporting the payload. In some cases, assessing whether the payload is ¢ oupled to the c arrier
comprises comparing the at least one m otion ¢ haracteristic o f the carrier to a p redefined motion
characteristic of the carrier, wherein the predefined motion characteristic of the carrier is associated
with a st ate of the carrier without the payload. Furthermore, a ssessing the cou pling state may
comprise as sessing that the pa yload is no t coupled to the carrier when the at1 east one motion
characteristic of the carrier matches the predefined motion characteristic of the carrier. Alternatively,
assessing that the payload is coupled to the carrier when the at least one motion characteristic of the
carrier does not match the predefined motion characteristic of the carrier.

[0016] In some embodiments, the motion characteristics utilized in the m ethod is obtai ned when a
signal is applied to the c arrier. I n som e cas es, the si gnal h as a pre assessed f requency and/or
amplitude. In some cases, the carrier may comprise at least one m otor, and the signal is augmented
to an output torque of the at least one m otor. The motion characteristic of the carrier comprises an
angular acceleration of the carrier and the angular acceleration of the carrier is obtained using one or
more inertial sensors located on the carrier. In this case, assessing whether the payload is coupled to

the ca rrier co mprises ¢ omparing the angular acceleration of the ca rrier to a pred efined a ngular
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acceleration respon se of the carrier, wh erein the pr edefined angu lar acceleration re sponse of the
carrier is associated with a state of the carrier without the payload. Furthermore, the payload may be
assessed not be coupled to the carrier when the angular acceleration response of the carrier matches
the predefined angular acceleration response of the carrier. Alternatively, the payload is c oupled to
the ca rrier when th e a ngular acce leration respo nse of th e carrier does not mat ch th e pred efined
angular acceleration response of the carrier.

[0017] In some embodiments, assessing the mounting position of the payload comprises comparing
the at least one motion characteristic of the carrier to a plurality of different motion characteristic
models of the carrier. The plurality of different motion characteristic models are indicative of the
payload being coupled to the carrier in a plu rality of different mounting positions. In some cases,
assessing t he mounting position of t he payload may further com prising se lecting the m ounting
position from the pl urality of different m ounting p ositions when the at least one m otion
characteristic of the carrier matches a motion characteristic model for the selected mounting position.
The at least one motion characteristic of the carrier comprises an angular acceleration of the carrier,
and wherein the plurality of different motion characteristic models comprise a plural ity of di fferent
predefined an gular acceleration respon ses o f th e c arrier fo r th e p lurality of di fferent mo unting
positions.

[0018] In some embodiments, the method of detecting a payload may further comprising obtaining
at least one physical characteristic of the payload, wherein the at least one physical characteristic 1s
indicative of the coupling state between the carrier and the payload; and assessing the coupling state
between the carrier and the payload based on the at least one physical characteristic. The at least one
physical characteristic comprises a proximity of the payload relative to a reference point on the
carrier, a mass of the payload, or a mass distribution of the payload. In some embodiments, the at
least one physical characteristic is obtained using one or more position detection sensors located on
the carrier. In some cases, the position detection sensor is configured to assess whether a payload is
coupled to the carrier priorto one or more inerti al sen sors obtaining th e at le ast on e m otion
characteristics wherein the position detection sensor is configured to assess a mounting position of
the payload after one or more inertial sensors have obtained the at least one motion characteristics of
the carrier. The position detection sensor may be a proximity sensor configured to detect a distance
between the payload and the carrier, is a mass sensor configured to detect a mass of the carrier with
and/or without the payload being coupled to the carrier, or a photoelectric sensor and/or a to uch

sensing switch.
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[0019] In some embodiments, the method may further comprising: generating a plurality of signals
that are indicative of the coupling state. A first signal is generated when the payload is assessed to be
coupled to the carrier, and a sec ond signal is generated when th e payload is assessed not tobe
coupled to the carrier. A third signal is generated when the payload is assessed to be coupled to the
carrier in a pr edefined m ounting position, and a fourth signal is generated when the payload is
assessed notto be coupled to the carrier in the predefined mounting position. In s ome cases, the
predefined m ounting position corresponds to a suitable mounting position for the payload on the
carrier. The carrier is ¢ onfigured to support a plurality of different types of payload, and wherein
said plurality types have different predefined mounting positions.

[0020] In some embodiments, the carrier utilized in the method 1s a single-axis gimbal or a multi-
axis gimbal and comprises at least one frame. The carrier comprises at least one motor for actuating
the at least one frame relative to a movable object to which the carrier is coupled. The carrier may be
rotatably coupled to t he movable object and i1s configured to rotate relative to the movable object
about one or more rotational axes. The carrier may be configured to rotate relative to the movable
object about one or more rotational axes.

[0021] In a separate yet related aspect, the present invention provides an apparatus for detecting a
payload ona carrier configured to su pport the p ayload, the apparatus comprising one or more
processors th at are ind ividually o r collectively configured to: ob tain at least on € motion
characteristic o f th e carri er, wherein said motion characteristic is indicative of a coupl ing state
between th e carrier and the payload ; and assess the coupling state b etween th e carrier and the
payload b ased ont he atle ast o ne motion characteristic, wherein assessing the coupling state
comprises assessing (1) whether the payload is coupled to the carrier and/or (2) a mounting position
of the payload if the payload is assessed to be coupled to the carrier.

[0022] In another separated yet related aspect, the present invention provides a system for detecting
a payload on a carrier configured to support the payload, the sy stem comprising: a movable object;
the carrier being configured to operably couple the payload to the movable object; and one or more
processors th at are , in dividually or ¢ ollectively, co nfigured to: obtaina tle ast on e m otion
characteristic o f th e carri er, wherein said motion characteristic is indi cative of a coupl ing stat e
between th e carrier and the payload ; and assess the coupling state b etween th e carrier and the
payload b ased ont he atle ast o ne motion characteristic, wherein assessing the coupling state
comprises assessing (1) whether the payload is coupled to the carrier and/or (2) a mounting position

of the payload if the payload is assessed to be coupled to the carrier.
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[0023] In another related aspect, the present invention provides a non-transitory computer-readable
medium st oring instru ctions th at, when ex ecuted, cau ses a co mputer to perform a met hod fo r
detecting a payload on a carrier configured to support the payload, the method comprising: obtaining
at least one motion characteristic of the carrier, wherein said motion characteristic 1s indicative of a
coupling state between the carrier and the payload ; and assessing the coupling state b etween the
carrier and th e pa yload based onthe atleastone motion characteristic, wherein assessing the
coupling s tate co mprises assessing (1) whether the pa yload is coupled to the carrier and/or (2) a
mounting position of the payload if the payload is assessed to be coupled to the carrier.

[0024] In another aspect, the present invention provides method for detecting a payload on a carrier
configured to support a plurality of different types of payload, the method comprising: obtaining at
least one physical characteristic of the payload, wherein the at least one physical characteristic is
indicative of a co upling state between th e carrier a nd the pa yload; asse ssing the ¢ oupling sta te
between th e carrier and th e p ayload based on th e at lea st one phy sical characteristic; whe rein
assessing the coupling state comprises assessing (1 ) whether the payload is coupled to the carrier
and/or (2) a mounting position of the payload if the payload is assessed to be coupled to the carrier;
and selecting a s et of control parameters for controlling the carrier if the c arrier is assessed to be
coupled to the payload.

[0025] Ins ome em bodiments, the m ethod m ay f urther comprise selecting a set of control
parameter(s) f rom a p lurality of d ifferent set s of ¢ ontrol pa rameter(s) based onsai d physical
characteristic, wherein the selected set of control parameter(s) is suitable for controlling movement
of the carrier for the type of payload being supported by the carrier, and wherein each individual set
of control parameter(s) is sui table for controlling the carrier that supports a ty pe of payload that is
different from another payload in said plurality of payloads. In some embodiments, the plurality of
different types of payload are different in at least one of the following aspects: (1) mass, (i1) center of
gravity, (ii1) size, (1v) shape, (v) payload function, or (vi) type of material of the payload. In some
cases, the plurality of di fferent types of payload comprise di fferent types of 1maging devices. In
some em bodiments, the at lea st one physical characteristic comprises a proximity of the payload
relative to a reference p oint on the carrier, a mass or mass distribution of the payload. In some
embodiments, the at I east one physical characteristic may be ob tained using one or more position
detection sensors 1 ocated on the carrier. In some embodiments, th e p osition detection s ensoris
configured to assess whether a payload is coupled to the carrier prior to one or more inertial sensors

obtaining the at least one motion characteristics wherein the position detection sensor is configured
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to assess a mounting position of the payload after one or more inertial sensors have obtained the at
least o ne motion characteristics of the carrier. The position detection sensor may be a proximity
sensor configured to detect a distance between the payload and the carrier, a mass sensor configured
to detect a mass of the carrier with and/or without the payload being coupled to the carrier, or a
photoelectric sensor and/or a touc h sensing switch. In some embodiments, the carrier utilized in the
method is a s ingle-axis gimbal or a mu lti-axis gimbal and may comprise at least one frame. The
carrier may comprise at least one motor f or actuating the at least one frame relative to a movable
object to which the carrier is coupled. The carrier may be rotatably coupled to the movable object
and 1s configured to rotate relative to the movable object about one or more rotational axes. In some
embodiments, movable object can be selected from a group consisting of an unmanned aerial vehicle

(UAV) or a handheld support.

INCORPORATION BY REFERENCE
[0026] All publications, patents, and patent applications mentioned in t his s pecification are herein
incorporated by ref erence to the sa me extent as if each individual publication, p atent, or pa tent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
[0028] FIG. 1 illustrates a plurality of different types of payloads that can be supported by a carrier,
in accordance with some embodiments.
[0029] FIG. 2 shows ex amples of various ph ysical characteristics th at m ay b e considered fo r
determining the control parameters.
[0030] FIG. 3 illustrates an example of a system for controlling or stabilizing rotational movement
of a payload about a plurality of axes, in accordance with some embodiments.
[0031] FIG. 4 illustrates an exem plary relationship between a plurality of motion characteristics,
moment of inertia and control parameters.
[0032] FIG. 5 shows a n example of an adaptive control scheme that may be implemented ina

carrier, in accordance with an embodiment of the invention.
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[0033] FIG. 6 shows another example of an adaptive control scheme that may be implemented in a
carrier, in accordance with an embodiment of the invention.

[0034] FIG. 7 illust rates ex emplary processes for d etermining a daptive control parameters, in
accordance with some embodiments.

[0035] FIG. 8 illustrates an exemplary block diagram of a carrier comprising a payload detector, in
accordance with embodiments.

[0036] FIG. 9 shows examples of coupling states displayed on a display device, in accordance with
some embodiments.

[0037] FIG. 10 illustrates an example of a control scheme in accordance with some embodiments.
[0038] FIG. 11 illustrates exemplary a pparatus for controlling/stabilizing vari ous p ayloads, 1 n
accordance with some embodiments.

[0039] FIG. 12 isa blo ck diagram o fa fr ame assemb ly co mprising a ¢ arrier co mponent for
connecting a payload suppo rt st ructure/payload to a m ovable ob ject, inaccord ance wi th som e
embodiments.

[0040] FIG. 13 illustrates a movable object inc luding a carrier pla tform anda pa yload, in

accordance with embodiments.

DETAILED DESCRIPTION

[0041] The present disclosure provides improved s ystems, methods, and devices for controlling a
carrier configured to support a plurality of different types of payloads. Ins ome embodiments, a
payload may be coupled to a movable object (e.g., such as a UAV, human, vehicle) using a carrier
that controls the position and/or orientation (attitude) of the payload. The payloads may have a wide
range of physical properties, such as weight, shape, size, mo ment of inertia etc that may affect the
dynamic performance of a control system. Advantageously, the embodiments herein can account for
the var ious characteristics of the payloads as well as the carrier when determining the optimal
control parameters, thus enhancing the robustness of the system for different types of payloads and
thereby improving the performance of the control system.

[0042] In one aspect, the present invention provides a method for controlling a carrier configured to
support a plurality of different types of payload.

[0043] In some embodiments, a carrier may be configured to support a plurality of different types of

payload. A's described herein, the carrier can be provided for the payload and the payload can be
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coupled to a movable object via the carrier, ei ther directly (e.g., directly contacting the m ovable
object) or indirectly (e.g., not contacting the movable object).

[0044] Referring to FIG. 12, the carrier may comprise a frame assembly, a motor assembly, and a

controller assembly.

[0045] The fram e assem bly may comprise a carrier component and a payload su pport structu re
coupled to each other. Th e carrier component may be any frame member, conn ecting m ember,
mounting arm, connecting arm, torsion arm, elongated arm, support frame, etc. that can be used to
connect the p ayload suppo rt stru cture to a m ovable object. Insome embodiments, the movable
object may be an aerial vehicle such as an unmanned aerial vehicle (UAV). The carrier component
may be configured to connect the payload support structure and/or the payload to the movable object,
for example as shown in FIG. 12. In some embodiments, controlling the carrier may com prise
effecting movement of the carrier based in part on the selected set of control parameters. In s ome
embodiments, the movement of the carrier may comprise an angu lar position, an angular velocity,
an/or an angular acceleration of the carrier with respect to one or more axes.

[0046] The carrier can be integrally formed with the movable object. Alternatively, the carrier can
be rel easably coupl ed to the movable object. The carrier can be coupled to the movable object
directly or indirectly. The carrier can provide support to the payload (e.g., carry at least part of the
weight of the payload). The carrier can be a suitable mounting structure (e.g., a gimbal platform)
capable of stabilizing and/or directing the movement of the payload. Ins ome em bodiments, the
carrier can be adapted to control the state of the payload (e.g., position and/or orientation) relative to
the movable object. The carrier can be rotatably coupled to the movable object (e.g., via a rotatable
joint or connection) so as to rotate relative to the movable object about one or more rotational axes.

For example, the carrier can be configured to move relative to the movable object (e.g., with respect
to one, two, or three degrees of translation and/or one, two, or three degrees of rotation) such that the
payload maintains its position and/or orientation relative to a suitable reference frame regardless of
the movement of the movable object. The reference frame can be a fixed reference frame (e.g., the
surrounding environment). Alternatively, the reference frame can be a moving reference frame (e.g.,
the movable object, a payload target).

[0047] In s ome e mbodiments, ¢ ontrolling the c arrier may ¢ omprise effecting m ovement of t he
carrier based in part on the selected set of control parameters. In some embodiments, the movement
of the carrier may comprise an angular position, an angular velocity, an/or an angular acceleration of

the carrier.
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[0048] In s ome e mbodiments, the carrier can be c onfigured to permit m ovement of the pa yload
relative to the carrier and/or movable object. The movement can be a translation with respect to up

to three degrees of freedom (e.g., along one, two, or three axes) or a ro tation with respect to up to

three degrees of freedom (e.g., about one, two, or three axes), or any suitable combination thereof.

In some embodiments, some or all of the axes of movement are orthogonal axes, e.g., a roll, pitch,

and yaw axis. For example, the carrier can be configured to permit movement of the payload about a
roll, pitch, and/or yaw axis. In some embodiments, the carrier is a single-axis or multi-axis gimbal

that pe rmits movement o fth e payload abouta roll, pitch, and/or ya w axis. Ina Iternative
embodiments, some or all of the axes of movement may be non-orthogonal axes.

[0049] In some embod iments, the carrier includes one or more frames that provide support to the
payload, such as one, two, three, or more frames. For instance, the carrier can include a single frame
that is coupled (e. g., r otatably coupled) to the movable object and the payload. The carrier can
include a first frame that 1s coupled (e.g., rotatably coupled) to the payload and a second frame that
is coupled (e.g., rotatably coupled) to the movable object, and the first and second frames canbe
coupled (e. g, rotatably coup led) to each other, such thatth e payload is serially cou pled to th e
movable object by the first frame and second frame. The carrier can include a first frame that is

coupled (e. g, rotatab ly coup led) to the p ayload, a second frame t hat is coup led (e.g., rotatably
coupled) to the movable object, and a t hird frame coupling (e.g., rotatably coupling) the first and
second frames, such that the payload is serially coupled to the movable object by the first, third, and
second frames. In some embodiments, a frame coupled to the movable object may be referred to as
an “outer” or “outermost” frame, a frame coupled to the payload may be referred to as an “inner” or
“innermost” frame, and a frame that is not directly coupled to the movable object or the payload may
be referred to as a “middle frame.”

[0050] Some or all of the frames can be movable relative to one another, and the carrier can include
one or more ac tuators (e.g., motors) that actuate movement of the individual carrier frames. For
instance, an actuator can actuate rotation of a carrier frame by applying a torque to the carrier frame
about an axis of rotation. The actuators can permit the movement of multiple frames simultaneously,
or may be configured to permit the movement of a s ingle frame at a time. The m ovement of the
frames can produce a corresponding m ovement of the payload. Fo r example, the actuators can

actuate a rotation of one or more frames about one or more axes of rotation (e.g., roll axis, pitch axis,
or yaw axis). T he rotation of the one or more frames can cause a payload to rotate about one or

more axes of rotation relative to the movable object. Alternatively or in combination, the carrier
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actuation assembly can actuate a translation of frames along o ne or more axes of translation, and
thereby produce a translation of the payload along one or more corresponding axes rel ative to th e
movable object. In some embodiments, the carrier includes one or more of: a yaw frame and a yaw
actuator coupled to the yaw frame so as to actuate rotation of the yaw frame about a yaw axis; a roll
frame and a roll actuator configured to actuate rotation of the roll frame about a roll axis; and/or a
pitch frame and a pitch actuator configured to actuate rotation of the pitch frame about a pitch axis.

In some embodiments, the carrier is coupled to the movable object via the yaw frame, while in other
embodiments, the carrier can be coupled to the movable object via the pitch or roll frame.

[0051] As desc ribed he rein, a p lurality of different types of p ayload can be support ed and
controlled/stabilized by the carrier. The payload may be coupledto a movable objectsuchasa

motorized or non-motorized vehicle or vessel, robot, human, animal, or the like using a carrier that
controls the position and attitude of the payload. For example, an instruction regarding a desired
movement of the payload can be received (e.g., from a use r and/or from a processor onboard the
movable object) and a ¢ orresponding movement of the carrier to achieve the desired movement of
the payload can be d etermined. In other ins tances, the payload can b e sta bilized using a carrier
controlled by an active mechanical control system.

[0052] In s ome e mbodiments, t he pa yload can be configured not to pe rform a ny operation or
function. Alternatively, the payload can be a payload configured to perform an operation or function,
also known as a functional payload. For example, the payload can include one or more sensors for
surveying one or more targets. Any suitable sensor can be incorporated into the payload, such as an
image capture device (e.g., a camera), an audio capture device (e.g., a parabolic microphone), an
infrared imaging device, or an ultraviolet imaging device. The sensor can provide static sensing data
(e.g., a phot ograph) or dynamic sensing data (e.g., a video). In some embodiments, the sensor

provides sensing data for the target of the payload. Alternatively or in combination, the payload can
include one or more emitters for providing signals to one or more targets. Any suitable emitter can
be used, such as an illumination s ource or a sound source. In some em bodiments, the payload
includes on e or mo re tran sceivers, su ch as for ¢ ommunication with a module re mote from th e
movable object. Optionally, the payload can be configured to interact with the environment or a
target. Fo rex ample, th e payload ¢ an in clude a tool , in strument, or mec hanism ca pable of

manipulating objects, such as a robotic arm.

[0053] From a ¢ ontrol perspective, physical characteristics and/or dyn amics of the payload may

affect the performance of the control of the carrier. In some embodiments, a plurality of different
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types of payloads that are supported by the carrier are different in at least one of the fowling (i) mass,
(1) center of gravity, (ii1) size, (iv) sha pe, (v) payload function, or ( vi) type of material of the
payload. As illustrated in FIG. 1, the plurality of different types of payloads 100 can be supported by
a carrier 102. In some embodiments, the plurality of types of payloads may have different physical
characteristics, such as different mass, ce nter of mass/gravity, s ize, s hape and material, etc. For
example, payload 104-1, 104-2 and 104-3 may have different range in terms of the location of center
of mass, whereas payload 106-1,106-2,106-3 may have different range in terms of size or dimension.
In another example, a payload of type 108-1 may refer to a payload with mass within the range from
0 kg to 0.5 kg and another type of payload 108-2 may refer to a payload with mass within the range
from 0.5 kg to 2 kg.
[0054] In other embodiments, different types of payload may refer to the various ranges of moment
of inertia of the payloads. In some cases, the range difference in terms of the physical characteristics
may lead to al arge disparity in the dy namic performance of the payload that no constant control
parameters can be used to achieve a good control performance.
[0055] In some embodiments, the p lurality of different types of payload may comprise different
types of imaging dev ices. I n so me in stances, the different ty pes o f imaging d evices may hav e
different masses, sizes, and/or shapes. In some cases, the support structure of the carrier m ay be
configured to adapt to the different sizes of the imaging devices. In other instances, the different
types of 1maging d evices may be configured to be op erably coupledto the carrier in di fferent
configurations s uch tha t changes int he ¢ onfiguration may res ult i n changing inthe p hysical
characteristics of the imaging devices. For example, when an im aging device is tilting or zooming,
the center of mass may be changed thus leading to an increase or decrease in the moment of inertia
of the imaging devices.
[0056] As described previously, the carrier may be configured to stabilize or control a rotational
movement of the payload with respect to a plurality of degrees of freedom (e.g., about one, two, or
three axes). A torque may be applied to the carrier to cause the rotational movement. One or more
motion characteristics of the carrier such as the angular acceleration aof the carrier and the physical
characteristics of the carrier (with payload) such as the moment of inertia / may have a relationship
according to the equation below:

T=]a
[0057] FIG. 2 shows ex amples of various ph ysical characteristics th at m ay b e considered fo r

determining the moment of inertia J. For example, as shown in part A, when the center of gravity
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coincide with th e dy namic center, the moment of inertia of the object is determined by the mass
distribution of the object. In this case, the shape, size, material and density of the object could affect
the mass distribution of the payload thus the moment of inertia of the payload. In p racticing, this
case may c orrespond t o the situation where the pa yload has ana symmetric sha pe or m ass
distribution, or the payload c hanges its attitude. In s ome instances, the same payload may have
different mo ments o f inertia du e to different locations of d ynamic center/rotation axis. Forth e
example in part B, the off-center distance 225 between the dynamic center 221and the mass center
223 causes an increase inthe moment of inertia comparedto 210. In prac ticing, this case may
correspond to the situation where the payload is not mounted properly such that the mass center of
the payload is greatly deviated from the rotation axis. In some instances, the moment of inertia about
different axis is different. As shown in part C, the moment of inertia of the object can be calculated
with respect to different axis x, y and z according to methods known to those of skill in the art.
[0058] FIG. 3 illustr ates an example of a system 300 f or control ling or stabilizing a rotational
movement of a payload with respect to one or more axes, in accordance with some embodiments.
The system 300 can include a controller 301, one or m ore actuator 303, a carrier 305, one or more
sensors 309 and 311, and a payload 307. In some embodiments, the carrier 305 may be a three-axis
gimbal platform. Alternatively, the carrier can be one or two-axis gimbal platform.

[0059] In s ome e mbodiments, ¢ ontrolling the ¢ arrier may ¢ omprise effecting m ovement of t he
carrier based in part on the selected set of control parameters. In some embodiments, the movement
of the carrier may comprise an angular position, an angular velocity, an/or an angular acceleration of
the carrier.

[0060] In some embodiments, the movement of the carrier is effected relative to a movable object to
which the carrier is operably coupled as described elsewhere herein.

[0061] As described above and herein, the carrier 305 can be used to control the spatial disposition
of a coupled payload. For instance, the carrier can be used to rotate the payload to a desired spatial
disposition. The desired spatial dispo sition c an be manually input by a user (e.g., via remote
terminal or other external device in communication with the movable object, carrier, and/or payload),
determined autono mously wi thout requiring user input (e.g., by one or more p rocessors o f the
movable object, carrier, and/or payload), or determined semi-autonomously with aid of one or more
processors of th e movable obj ect, carrier, and/or payload. Th e desired spatial disposition can be
used to calculate a movement of the carrier or one or more components thereof (e.g., one or more

frames) that would achieve the desired spatial disposition of the payload.
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[0062] For example, in some embodiments, an input angle (e.g., a yaw angle) a ssociated with a
desired attitude of the payload is re ceived by one or more processors (e.g., of the movable object,
carrier, and/or payload). Ba sed on the input angle, the one or m ore processors can determine an
output torque to be applied to the carrier or one or more components thereof (e.g., a yaw frame) in
order to achieve the desired attitude. The output torque can be determined in a variety of ways, such
as using a controller 301. In some embodiments, a feedback control loop may be used to control the
movement of the carrier. The feedback control loop can take the input angle as an input and output
the output torque as an output. The feedback control loop can be implemented using one or more of
a proportional (P) c ontroller, a proportional-derivative (PD) controller, a pr oportional-integral (PI)
controller, a proportional-integral-derivative (PID) controller, or combinations thereof.

[0063] In some embodiments, the actuator(s) 303 may be one or more motors. The motor may or
may not be a DC servo motor. In some embodiments, a speed control of the motor may be carried
out by changing the supply voltage of the motor. In some embodiments, when a torque disturbance is
neglected, the dynamic of the system can be represented by the following equation:

Tu = Kuia(t) (1)

Tw = JuOu+ + 110, + anOuy + a0, (2)

[0064] Where Ty, represents the torque generated by the motor, K, represents the motor mechanical
constant, i,(t) represents the motor armature current, Jys represents the motor’s moment of inertia, Ji,
represents the platform’s moment of inertia (including carrier and payload), ay 1s the damping ratio
of the motor and ar, is the damping ratio of the platform. In some embodiments, for simplicity, the
viscous friction of the system is ignored so that ay and a, are zero. Therefore from equation (1) and
(2) the moment of inertia of the platform is derived by the following equation:

RO
J, = KulaliTImlu 3)

oL
[0065] In s ome embodim ents, the m otor m echanical c onstant Kj,can be obtained from the m otor
specification. The motor armature current i,(t)can be measured by any suitable d evice such as a
voltmeter or ammeter. In some embodiments, the current can be obtained from the controller or the
motor driver via an amplifier. In some embodiments, J; may refer to the moment of inertial of the
platform that is actuated by the motor such that J;, may include the carrier and the payload. In some
embodiments, the moment of inertia of the motor [, can be calculated or obtained prior to operating
the control system. In s ome cases, the moment of inertia of the motor can be obtained from the

specification of the motor.
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[0066] From equation (3), it is known that the moment of inertia of the platform can be derived from
one or more motion characteristics. As shown in the equation, the motion characteristics may include
the angular acceleration of the carrier and angular acceleration of the motor. In some embodiments,
when the motor is a direct drive motor, the angular ac celeration of the motor and carrier may be
equivalent. In other embodiments, the motor may be equipped with a gear or other transfer elements
may be 1ncluded between the motor and the carrier such that the acceleration of the motor and the
carrier may be different at the same time point.

[0067] In some embodiments, the motion characteristics of the platform may be obtained using one
or more sensors 309 located on the carrier. In some em bodiments, the one or more sensors can
collectively constitute an inertial measurement unit (IMU). In other embodiments, the one or more
sensor may include at leasta gyroscope used f or m easuring an a ngular ve locity of the ca rrier.
However, any type of sensors may be used dependent on the variables to be controlled in the system.
[0068] The s ensor(s) 309 can be a ny sensor s uitable f or obtaining data indicative of a spatial
disposition (e.g., position, orientation, angle) and/or motion characteristic (e.g., translational (linear)
velocity, angular velocity, translational (linear) acceleration, angular acceleration) of a payload, such
as an 1 nertial sensor. An inertial sensor may be used herein to refer to a motion sensor (e.g., a
velocity sensor, an a cceleration se nsor such as an ac celerometer), an o rientation sensor (e.g., a
gyroscope, inclinometer), or a n IMU having one or m ore integrated motion sensors and/or one or
more integrated orientation sensors. An inertial sensor may provide sensing data relative to a single
axis of motion. The axis of motion may correspond to a n axis of the ine rtial sensor (e.g., a
longitudinal axis). A plu rality of inertial sensors can be use d, with each inertial sensor providing
measurements along a different axis of motion. For example, three angular accelerometers can be
used to provide angular acceleration data along three different axes of motion. The three directions
of motion may be orthogonal axes. One or more of the angular accelerometers may be configured to
measure acceleration around a rotational axis. As another example, three gyroscopes can be used to
provide orientation data about three different axes of rotation. The three axes of rotation may be
orthogonal axes (e.g., roll axis, pitch axis, y aw axis). Alternatively, at1eastsome oral 1 of the
inertial sensors may provide measurement relative to the sa me axes of motion. Such redundancy
may be implemented, for instance, to improve measurement accuracy. Op tionally, a single inertial
sensor may be capable of providing sensing data relative to a plur ality of axes. For example, an
IMU including a plurality of accel erometers and gy roscopes can be used to generate acceleration

data and orientation data with respect to up to six axes of motion.
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[0069] The sensor(s) 309 can be carried by the carrier. Th e carrier sen sor can be situated on any
suitable portion of the carrier, such as above, underneath, on the side(s) of, or within a body of the
carrier. The sensor(s) can be located on the frame or a support portion of the carrier. Some sensors
can be mechanically coupled to the carrier such that the spatial disposition and/or motion of the
carrier correspond to the spatial disposition and/or motion of the sensors. The sensor can be coupled
to the carrier via a rigid coupling, such that the sensor does not move relative to the portion of the
carrier to which it is attached. The coupling can be a permanent coupling or non-permanent (e.g.,
releasable) coupling. Su itable coupling m ethods can in clude adh esives, bonding, weld ing, and/or
fasteners (e.g., scre ws, nails, pins, etc.). Optionally, the sensor can be int egrally formed with a
portion of the payload. Furthermore, the sensor can be electrically coupled with a portion of the
payload (e.g., processing unit, control system, data storage).

[0070] In s ome e mbodiments, t he direct da ta f rom the s ensor(s) 309 need notb e the angular
acceleration. Further pr ocessing o perations may b e applied to the d atat o obt aint he angular
acceleration. For example, when the raw data is the angular velocity, a first order differentiation may
be carried to get the acceleration. In another example, the data may be filtered before being used to
calculate the moment of inertia of the carrier.

[0071] In some embodiments, the motion characteristics of the motor may be obtained using one or
more sensor(s) 311 located on the motor. For example, the sensor(s) 311 may be located on an
output shaft of the motor and configured to measure the angular acceleration of the motor such as an
encoder or angular potentiometer.

[0072] In s ome e mbodiments, ¢ ontrolling the c arrier may ¢ omprise effecting m ovement of t he
carrier based in part on the selected set of control parameters. In some embodiments, the movement
of the carrier may comprise an angular position, an angular velocity, and/or angular acceleration of
the carrier.

[0073] Regarding the control sy stem, cascaded proportional-integral-derivative (PID) may be used
to control the attitude and velocity of the carrier. In some instances, angular acceleration may also be
controlled. In o ther instances, o utput t orque may be a variable to b e controlled. One or more
feedback loops may be used for controlling an attitude and/or angular velocity of the carrier system.
It 1s known that the dynamics of a system are af fected by the m echanical model of the s ystem,
controller and input/disturbance signals. In some embodiments, the gimbal or carrier system can be
regarded as a MISO (multi-input-single-output) plant with two inputs (voltage applied at the motor’s

armature andt he external d isturbance torque), an d one o utput (carrier’s a ngular velocity). For
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simplicity, th e gimb al or ca rrier system can be modeled as a SISO (single-input-single-output)
system neglecting the external disturbance torque. In this case, an exemplary equation representing
the transfer function including a DC motor is:

gm‘\S\ _ Ky
Uq{sy  JmlaS?+{La@m+ImRaistamRa+KmKe

Gris) =

(4)

[0074] where L, 1s the inductance of the motor armature, R, is the resistance of the motor armature,
K, 1s the motor electrical constant. In some embodiments, th ese parameters and variables of DC
motor can be obtained from the s pecification of the D C motor. u, is the motor’s armature voltage
that can be measured by any suitable device. J,,, = J; + Ju represents the total m oment of inertia

seen from the motor side, whereas a;,, = a; + a,is the total viscous friction constant seen from the
motor side. Equation (4) represents a second order plant. I n some embodiments, the plant can be
modeled as a first order system when the inductance is small that can be neglected. However either
representation shows that the m oment of inertia of the platform affect the dynamic response of the
system. For example, when the command signal is a step signal, the moment of inertia of the payload
or carrier may affect dynamic specifications such as the settling time, rising time and stability (e.g.,
overshoot, oscillation) of the system. In another example, when the command signal is a sinusoidal
signal, the moment of inertia of the payload may have effect on the system behavior in terms of
phase shift (time delay), resonance frequency, peak, amplitude etc of the output.

[0075] It should be noted that there are a va riety of ¢ ontrol algorithms can be used to control a
gimbal or carrier system, including but not limited to: ON-OFF, PID modes, feedforward, adaptive,
intelligent (Fuzzy logic, Neural network, E xpert S ystems and Genetic) ¢ ontrol a lgorithms. For a
specific control model such as PID control, based on various control objective/output variable (e.g.,
angular velocity, angular position, angular acceleration, torque, etc) to be controlled and the input
variable (e. g. in put v oltage) the control system can be d ifferent. Accordingly, control parameters
may be re presented in v arious ways. H owever, the presented m ethod and s ystem pr ovides a

controller a dapt to va rious pa yloads a utomatically independent of how the system is represented
mechanically and/or mathematically.

[0076] In one aspect, the present invention provides a method for controlling a carrier configured to
support a plurality of different types of payl oad. In practicing, the method may comprise: obtaining
at least one motion characteristic of the carrier when the carrier is supporting a type of payload from

said plurality, wherein said motion characteristic is indicative of the type of payload being supported
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by the carrier; and selecting a set of control parameter(s) from a plurality of different sets of control
parameter(s) based on said motion characteristic, wherein the selected set of control parameter(s) is
suitable f or ¢ ontrolling m ovement of the carrier for the typ e of payload being s upported by the
carrier, and wherein each individual set of control parameter(s) 1s suitable for controlling the carrier
that supports a type of payload that is different from another payload in said plurality of payloads.
[0077] In some embodiments, a set of control parameter(s) may be automatically selected with aid
of one or more processors without user input. In some embodiments, the set of control parameter(s)
may be selected when the carrier supporting the type of payload from a plurality of different types is
in motion.

[0078] In order to achieve a fast and accurate control of the attitude and angular v elocity of the
gimbal or carrier system, the parameters of the controller needs to be adju sted to accommodate
different types of payloads. There are a number of methods for tuning the parameters of the control
system, such as offline tun ing a nd onl ine t urning. However, m ost o f the tur ning m ethods are
aggressive trial-and-error ty pe th at may cause d amage of sy stem o r time consuming. In so me
embodiments, the presented m ethod and system prov ides a m ethod for ¢ ontrollinga gimbal or
carrier platform configured to support a p lurality of different types of payload by automatically
adjusting the parameters of the ¢ ontroller ac cording to one or m ore motion characteristics of the
carrier.

[0079] In som e e mbodiments, the present inve ntion a llows thata set of ¢ ontrol parameters are
selected from a plurality of different sets of control parameters with aid of one or more processors
when the carrier supporting the type of payload from the plurality of different types is in motion.
[0080] FIG. 4 illustrates an exem plary relationship between a plurality of motion characteristics,
moment of ine rtia a nd se ts of co ntrol parameters. As described p reviously, different typ es of
payloads may correspond to different physical characteristics (mass distribution, mass center, shape,
size etc ). T he different ph ysical ¢ haracteristics m ay re sult in different moment of inertia of the
carrier. In some embodiments, the different types of payloads may refer to payloads with moment of
inertia in different ranges. In some embodiments, the different moment of inertia may be considered
by a gi mbal or carrier ¢ ontroller for cont rolling the c arrier. In some in stances, the d ata of the
moment of inertia 403 and control par ameters 405 may be stored as a lookup table 400, where the
optimal co ntrol parameters f or the different types of pa yloads ca n be a ccessed bas ed on the
corresponding m oment o f inertia. For ex ample, whena moment of inertia o fa carriera bout a

rotation a xis i1s calc ulated usi ng t he method described previously, the ¢ ontrol parameter o fthe
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controller for controlling the m ovement about the related r otation axis can be provided from the
lookup table. As sho wn in FIG.4, one or more moment of inertia may be correlated with a set of
control parameters. For, example, 403-1 may be the moment of inertia of the carrier about a roll axis
and 1t corresponds to a set of control parameters that can be used to control the rotational movement
(e.g., angular velocity and attitude) of the carrier about the roll axis. Alternatively, one entry of the
moment of inertia may refer to a range of moment of inertia. For example, 403-3 may represent
moment o f in ertia with in th e ra nge 0.01kg.m? - 0. 1kg.m” and 403-5 may r epresent 0.1kg.m’ -
0.5kg.m”. The control parameters may be determined based on a specific control model. For example,
the contr ol parameters may referto a set of PID (proportional gain, integral gain, and derivative
gain), PD or PI parameter in a ¢ losed loop feedback controller. In some instances, the lookup table
may be stored in a non-transitory computer-readable medium that can be accessed by the controller
of the carrier. In other instances, the lookup table may be stored on an ex ternal device that can be
remotely accessed by the controller.

[0081] Optionally, t he lookup tabl e m ay further ¢ ontain tim e invari ant constants (e.g. m otor
parameters back EMF, armature inductance, moment of inertia of motor shaft, coefficient of viscous
friction etc) that can be obtained from specifications of the actuators. In s ome em bodiments, the
actuator may be a motor and the constants may comprise the moment of inertia of the motor and
mechanical constant of the motor. Alternatively, these motor specific constants may not be stored in
the lookup table.

[0082] The lookup table 400 may be created based on empirical test data such as an offline testing of
a specific gimbal system. For example, a payload may be mounted to a gim bal or carrier platform
then a t esting excitation signal may be supplied to the actuator to rotate the carrier with respect to
one or more axes. During the testing pro cess, control parameters of the controller may be tuned to
achieve an o ptimal dynamic performance (e.g. timely ac curate res ponse) us ing m ethods (e .g.,
Ziegler-Nichols based on analysis of features from dynamic experiment data or frequency response)
that are known to those ski lled in the art. Al ternatively, the 1ook up table can be created based on
simulated or projected data. In some instances, data stored in the loopup table may be entered by an
individual.

[0083] In som e embodiments, thel ookup t able 400 may fu rther contain one or m ore m otion
characteristics 401 of the gimbal or carrier p latform. In some instances, one entry of the motion
characteristics may include angular velocity and angular acceleration of one or more motors and the

carrier. In other instances, one entry of the m otion ¢ haracteristics m ay includet he angular



WO 2017/206073 PCT/CN2016/084175

22

acceleration of the motor and the carrier. Alternatively, one entry of the motion characteristics may
include the angular velocity of the motor and the carrier. In some embodiments, entries of the motion
characteristics and entries of the moment of inertia are in one-to-one correspondence under a specific
set of motor constants and the input signal. In some embodiments, different entries of th e motion
characteristics 401 may refer to different ranges of the variables. For example, an entry of the motor
characteristics may contain angular acceleration of motor as 10-30 rad/sec’ and angular velocity as
10-20 rad/sec.

[0084] In so me em bodiments, t he cont rol p arameters 405 stored in th e lookup table may be a
plurality of PID ga ins. However, an entry of the control parameters can contain various elements
based on the specific control model. For example, when two close loops are used for control the
angular position and angular velocity respectively, two sets of PID gains may be stored in each entry.
In some embodiments, when the control model is pre-determined, different entry (e.g., 405-1 and
405-3) may contain the same number of control parameters with different value.

[0085] In s ome embodiments, the se lected set o f ¢ ontrol parameters 405 may be su itable fo r
effecting the movement of the carrier to achieve a predefined level of actuation control when the
carrier 1s supporting the type of payload from a plurality of different types of payload. A variety of
methods ¢ an be used to determinet he s uitable ¢ ontrol par ameters. For e xample, t he ¢ ontrol
parameters can be determined by running experiment test of the system and analyze the performance
specification (e.g., frequency analysis, time resp onse etc). Alternatively, any suitable sim ulation,
modeling, ana lytic a nalysis can be use dto determine the optimal control parameters. In so me
instances, s etting a c ontroller using the optimal control pa rameters may e nsure meeting an d
maintaining t he following performance specification: settl ing tim e, st eady state error lesst han
certain value. However it should be noted that the performance specification may be varied based on
specific control objective (e.g. angular position or velocity).

[0086] In som e em bodiments, the s uitable control parameters for controlling m ovement of the

carrier can be selected using the lookup table. In some embodiments, the current moment of inertia
of the carrier about ea ch rotation axis can be d etermined us ing the method described previously
herein (e.g., equation (3)). By comparing of the current moment of inertia with the data stored in the
lookup table, th e optimal control param eters ca n be select ed fro m t he lookup table. In som e
embodiments, the current m oment of inertia of the carrier is calculated by obtaining at least one
motion ¢ haracteristics of th e carrier when th e carrier is supporting a ty pe o f payload. In some

instances, the motion characteristics may include angu lar a cceleration o f both the motor and the
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carrier, then the moment of inertia of the carrier can be calculated using the method described herein.
Alternatively, the obtained angular acceleration of the motor and carrier can be compared with the
stored data directly for choosing the control parameters when the lookup table is augmented with the
input signal and motor specifications.

[0087] In some embodiments, the motion characteristic of the carrier is obtained using one or more
inertial sensors l ocated on the carrier as described els ewhere herein. Insome embodiments, t he
motion characteristics may be sampled at different time points and an average value of the moment
of inertia is used for an improved accuracy. In this case, two, three, four, five sampling data may be
obtained at different time points. In some embodiments, a plurality of motion characteristics can be
obtained withina relatively s hort time suc h thata n m oment of 1 nertia of th e carrier m ay be

calculated within a short period o f time and accordingly the control parameters may be determined
within seconds.

[0088] In some embodiments, one or more processors may be configured to calculate the moment of
inertia of th e c arrier and select th e optimal control parameters fr omal ookup t able. In so me
embodiments, the o ne or m ore processors can be programmable, s uch a s PC, microcomputer,
microcontroller, DSP, ASICs and PLC etc. The one or more processors can be located on the carrier
platform or operatively coupled to the carrier platform.

[0089] FIG. 5 shows an example of an ad aptive con trol sche me that may b e i mplemented in a
carrier or gimbal platform, in accordance with an embodiment of the invention. The adaptive control
scheme may be used to control or stabilize the attitude and/or velocity the carrier. For example, the
control scheme may be used to control the rotational movement of the carrier about the pitch axis,
roll axis, and yaw axis. In some embodiments, the carrier may be configured to support one or more
payloads with variable types.

[0090] As shown in FIG.S, process 1 may refer to the process of determining the adaptive control
parameters. [ n some em bodiments, selecting a set of suitable cont rol parameters for aty peof
payload may be based on one or more motion characteristics of the payload. In some embodiments,
the one or more motion ¢ haracteristics may be th e angu lar acceleration, angul ar velocity, and or
angular displacement of the carrier. In some embodiments, the motion characteristics are obtained in
response to an input signal. An input signal S01 may be supplied to one or more actuators of the
carrier or g imbal system S05. In some e mbodiments, the input signal may be a low po wer signal
such that the plant 505 (e.g. carrier and actuator) may not be under the risk of violent oscillation. The

input signal may be generated by any suitable device such as a pr ogrammable 1ogic controller. In
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some embodiments, one or more processors may be configured to generate the input signal. The one
or more processors may be im plemented in any or a combination of the following technologies,
which are a 11 well known in the art: discrete electronic components, discrete logic circ uits having
logic gates for im plementing lo gic functions up on data signals, an applica tion s pecific integrated
circuit ha ving a ppropriate logic gates, a programmable gate array(s), a fiel d programmable gate
array (FPGA), etc. The input signal can be digital or analog. In some embodiments, the input signal
can be sinusoidal voltage or current signal and supplied to the driver of the actuators. Device such as
voltage amplifier or current amplifier, AC-to-DC converter and the like m ay be used to adjust the
signal to the require form based on the specific type of motors.

[0091] The input signal 501 supplied to the one or more motors of the plant 505 may actuate the
carrier to move at certain velocity and acceleration. As described previously, the current signal (e.g.
1; or u,) supplied to the motors may be measured by any suitable device. In some embodiments, the
motor may be a DC motor so that the speed of the motor may be controlled by the current provided
to the motor as described previously in the DC motor model.

[0092] In s ome embodiments, one o r m ore se nsors S07 may b e used to measure t he mo tion
characteristics of the carrier and the one or more motors. In s ome embodiments, the one or more
sensors may be the same sensors S11 that are used to provide feedback signals in a closed control
loop. For example, in a gimbal or carrier platform, the sensors can be IMU or gyroscope attached to
the carrier and encoders or tachometer attached to the motors. In some embodiments, the m otion
characteristics may include angular v elocity and/or angular acceleration of the carrier about a roll
axis, pitch axis and yaw axis. Once the motion characteristics are obtained, moment of inertia of the
carrier can be calculated using equation (3). In some embodiments, the motion characteristics may
be sampled at different time points and an average value of the moment of inertia may be calculated
for an improved accuracy. Inthis case, two, three, four, five sa mpling data may be obtained at
different time points. In some embodiments, a plurality of motion characteristics may be obtained
within a relatively short time such thata moment of inertia of the carrier may be calculated ina
timely manner, accordingly the control parameters may be determined within seconds.

[0093] The calculated moment of inertia may be compared with the moment of inertia stored in a
lookup table 509 ( correspond to the lookup table 400 in FIG.4) to determine the optimal control
parameters of t he system. The lookup table m ay be generated us ing the m ethod a s p reviously
described herein. The selected control parameters may be used to control the carrier or gimbal with

optimal dynamic perf ormance. Process 1 can occur when the carrier or gimbal is ¢ oupled toa
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payload of unknown types. For example, process 1 may operate when a new payload is mounted to a
gimbal or carrier platform. In another example, process 1 may operate when one or more mechanical
characteristics o f t he payload change such as center of mass ofa camera d evice caused by the
change of attitude, lens zooming or any configuration. In some embodiments, process 1 may operate
when the gimbal or carrier is at a home position. In other embodiments, process 1 may operate when
the gimbal or carrier is at a random position during initialization of the gimbal system.

[0094] The adaptive control parameters determined from p rocess 1 m ay be used to control the
carrier or g imbal in process 2. Settings o f the controller 503 may be d etermined based on the
adaptive control parameters from the lookup table. In some embodiments, a sa fety coefficient may
be applied to the control parameters as final control parameters.

[0095] In s ome em bodiments, one or m ore p rocessors m ay be co nfigured to ca Iculate the
moment of inertia and determine the adaptive control parameters. In some embodiments, the one or
more proc essors may be a pr ogrammable pr ocessor (e.g., a central processing unit (CPU) or a
microcontroller), a field programmable gate array (FPGA) and/or one or more ARM processors. In
some em bodiments, the one or more processors may be o peratively coupled to a no n-transitory
computer rea dable medium. Th e non-transitory computer readable medium can store logic, code,
and/or program instructions ex ecutable by the 0 ne or more processors unit for performing one or
more steps. The non-transitory computer readable medium can include one or m ore memory units
(e.g., removable media or external storage such as an SD card or random access mem ory (RAM)).
In so me e mbodiments, the look up table 509 may be stored within the memory units of the non-
transitory co mputer rea dable medium. In some em bodiments, d ata fro m the m otion or location
sensors can be directly conv eyed to a nd sto red with in th e memory un its of th e n on-transitory
computer readable medium. The memory units of the non-transitory computer readable medium can
store logic, code and/or program instructions executable by the one or more processors to perform
any suitable embodiment of the methods described herein. For example, the one or more processors
can b e ¢ onfigured to execute in structions to calculate the mo ment of in ertia of the c arrier as
discussed herein. In other example, the one or more processors can be configured to generate input
signal to be supplied to the one or more actuators. In s ome embodiments, the memory units of the
non-transitory ¢ omputer rea dable medium can be used to store the adaptive control parameters
determined by the one or more processors.

[0096] In a separate yet related aspect, the present invention provides an apparatus for controlling a

carrier that 1s c onfigured to s upport a p lurality of different types of payload. In practicing, t he
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apparatus may comprise one or more processors that are individually or collectively configured to:
obtain at least one m otion ch aracteristic of the ca rrier when th e carrier is suppo rtinga ty pe of
payload from said plurality, wherein said motion characteristic is indicative o f the type of payload
being supported by the carrier; and select a set of control parameter(s) from a plurality of different
sets of control parameter(s) based on said motion characteristic, wherein the selected set of control
parameter(s) is suitable for cont rolling m ovement of the carri er for the type of pa yload being
supported by the carrier, and wherein individual sets of control para meter(s) in said p lurality of
control parameter(s) are suitable for con trolling the carrier when supporting the different types of
payload.

[0097] In another aspect, the present invention provides a system for controlling a carrier configured
to supporta plurality of different ty pes of payload. The system comprises: a movable object; the
carrier being configured to operably couple a type of payload from said plurality of different types to
the movable object; and one or more processors that are, individually or collectively, configured to:
obtain at least one motion characteristic of the carrier when the carrier is supporting the ty pe of
payload from said plurality, wherein said motion characteristic is indicative o f the type of payload
being supported by the carrier; and select a set of control parameter(s) from a plurality of different
sets of control parameter(s) based on said motion characteristic, wherein the selected set of control
parameter(s) is suitable for cont rolling m ovement of the carri er for the type of pa yload being
supported by the carrier, and wherein individual sets of control para meter(s) in said p lurality of
control parameter(s) are suitable for con trolling the carrier when supp orting the different types of
payload.

[0098] FIG. 6 shows another example of an adaptive control scheme that may be implemented in a
carrier platform, in ac cordance with an embodiment of the inve ntion. In some em bodiments, the
adaptive control parameters may be determined based on a vibration motion of the carrier. In some
embodiments, by analyzing the fre quency r esponse of one or more process variables in a closed
control loop of th e carrier or gimbal system, a type of the payload may be assessed. In some
embodiments, th e process v ariables may in clude angular v elocity of the carrier and /or angular
acceleration of the carrier. In some embodiments, the analysis of the variables can be carried through
examination o f a freq uency response o fthe one or more variables. In other em bodiments, t ime
response of the process variables may be analyzed to determine the adaptive control parameters.
[0099] As shown in FIG. 6, an adaptive c ontrol unit 600 may be prov ided to control a carrier

actuated by one or more actuators. In FIG. 6, a plant 611 may include a carrier and the actuator(s).
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In some embodiments, the adaptive control unit 600 may include an input signal generator 601, an
adaptive control parameter generator 603 and a controller 605.

[00100] In some embodiments, a vibration motion of the carrier may be caused in response to
an input signal with varying frequencies.

[00101] In some embodiments, the input signal generator 601 may be configured to generate a
variety of set po int signals with varying frequency to direct the angular velocity of the carrier. In

some embodiments, the varying frequency signal may be sinusoidal signals with frequencies varying
from fO-fn. The start and end frequency can be set in a wide range. For example, the start frequency
may be below 1Hz and the ending frequency can be above 20,000 Hz. The incremental step can be
set by any percentage, such as 3%, 4%, 5% etc. In other embodiments, instead of a sine signal, a
random signal with varying frequency may be used.

[00102] The input signal generator 601 may be im plemented in any or a combination of the
following technologies, which are all well known in the art: discrete electronic components, discrete
logic circuits having logic gates for implementing logic functions upon data signals, an application
specific inte grated circuit ha ving appropriate logic ga tes, a pr ogrammable ga te ar ray(s), a field
programmable gate array (FPG A), etc. T he s ynchronization unit is not limited to any particular
firmware, or software configuration.

[00103] In the case of a sine frequency sweep, the frequency response of angular velocity of
the carrier may be analyzed by the adaptive control parameter generator 603. In some embodiments,
stability of the system may be examined. There are a variety of methods can be used for identifying
stability of a sy stem. For exam ple, over shoot of the amplitude re sponse, phase m argin, peak
resonance a nd oscillation e tc m ay be e xamined to detect inst ability of the system.Ins ome
embodiments, the amplitude response at a peak res onance may be checked to see if it e xceeds a
safety value during a sine sweep process. For example, if excessive peak amplitude is detected at
resonance frequency, it may be indicative of instability of the system.

[00104] In another embodiment, the frequency response of angular acceleration of the carrier
may be analyzed by the a daptive control parameter ge nerator 603. As explained previously, in a

gimbal or carrier platform, the angular acceleration of the carrier may be correlated with the moment
of inertia of the carrier. In some embodiments, when the moment of inertia of the carrier changes the
angular acceleration response may have an inverse proportional change. From empirical experiment
data, there exists evidence showing that the optimal setting of a proportional gain of a PID controller

may also have a linear or non-linear relationship with the moment of inertia. Therefore, a ratio of a
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new set of control parameters to a previous set of control parameters can be determined based on the
ratio o f th e n ew angu lar acceleratio n respon se t o a prev ious angul ar accel eration respon se. For
example, the ratio of the current amplitude of angular acceleration to a previous angular acceleration
is kj=anew/ aold, then the correspondi ng ratio of a n ew c ontrol parametertoan old control
parameter may ber epresented as K = Kpew Ko, where K j= kj*c onstant. T he ¢ onstant m ay be
determined em pirically. In some embodiments, the constant nee d n ot be identified. In other
embodiments, the relationship between K; and k; may not be linear. In both situations, a lookup table
may be em ployed to stor e th e relationship be tween t he ¢ ontrol parameter and amplitude of the
angular acceleration.

[00105] It shou Id be no ted th at v arious measu rement typ es of frequency response of the
system may b e e xamined to 1 dentify the a daptive ¢ ontrol par ameter. For e xample, ins tead of
studying a closed loop control system, the frequency response of an open loop, plant or ¢ ontroller
can be examined for identifying the optimal control parameters.

[00106] In another aspect, the present invention provides a method for controlling a carrier
configured to s upport a plu rality of different ty pes o f payload. In practicing, the m ethod may
comprise: obtaining at 1 east one motion characteristic of the carrier when the carrier is supporting a
type of payload from said plurality, wherein said motion characteristic is indicative of the type of
payload being supported by the carrier; and selecting a set of control parameter(s) from a plurality of
different sets of control parameter(s) based on said motion characteristic, wherein the selected set of
control parameter(s) is suitable for controlling movement of the carrier for the type of payload being
supported by the carrier, and wh erein e ach individual set of con trol p arameter(s) i s suitable for
controlling the carrier that supports a type of payload that is different from another payload in said
plurality of payloads.

[00107] In a separatey et related asp ect, the pr esent 1 nvention prov ides a n on-transitory
computer-readable medium storing instructions that, when executed, causes a computer to perform a
method for controlling a carrier configured to su pport a plurality of different types of payload. In
practicing, the method comprises: obtaining at least one motion characteristic of the carrier when the
carrier is s upporting a t ype of payload from said plurality, wherein said motion ¢ haracteristic is
indicative of the ty pe o f payload b eing supported by the carrier; and selecting a setof control
parameter(s) fro ma pl urality of differentse ts of ¢ ontrol param eter(s) based onsaid m otion
characteristic, wherein the selected set of control parameter(s) is suitable for controlling movement

of the carrier for the type of payload being supported by the carrier, and wh erein individual sets of
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control parameter(s) in said plurality of control parameter(s) are suitable for controlling the car rier
when supporting the different types of payload.

[00108] FIG. 7 shows examples for determining adaptive parameters of a PID control loop. In
the example, the proportional gain of a cont rol loop is determined using the method as described
herein. However, other parameters can also be determined using the same method. It is known that
the proportional gain affects all frequencies (unlike integral and derivative action), since frequencies
between the low range where integral action dominates and high frequencies where derivative action
dominates can only be affected by the proportional gain. This middle frequency range 1 s critical in
rejecting disturbances. In some e mbodiments, on € or mo re con trol parameters may be a djusted
simultaneously.

[00109] As shown in FIG. 7 part A, adaptive control parameters used in a PID (PD, PI could
also be used) loop to control the angular velocity of a plant with unknown types may be determined.
In some embodiments, th e an gular v elocity may be measured and fed back to the controller to
control a rotational movement of a carrier or a gimbal about one or more axes, such as roll, pitch
and/or ya w-axis. One or m ore sensors such as IMU or g yroscope may be used to measure the
process variable (i.e. angular velocity).

[00110] In some embodiments, an initial set of control parameters K, may be assigned to the
system. In some embodiments, the initial control parameters may be set at a small value which may
not cause risk such as uncontrollable oscillation to t he system . Under this initial set of ¢ ontrol
parameters, a sine frequency sweep may be applied to the sy stem and the angular velocity of the
carrier may be examined. In some embodiments, the frequency range may be from fj to f;, The range
of frequency sweep may vary according to the specific variable to be controlled and the parameter of
the controller to be designed. During one round of the sweep, stability of the system in terms of the
frequency response of the angular velocity may be examined. In some embodiments, the amplitude
of the frequency response may be examined as described elsewhere herein. If there is no indication
of instability, the con trol par ameters may be increased to a new value and t he sweep process is
repeated.

[00111] In some embodiments, a plurality of different sets of control parameters are obtained
by adjusting one or more parameters from the set of reference (initial) control parameters. In some
embodiments, the c ontrol parameters may be increased to a new value at each iteration. In some

embodiments, the incremental step of the control parameters may be pre-determined such as fixed
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step. In other embodiments, the step may be variable steps such that the control parameters may be
increased linearly or non-linearly.

[00112] In some embodiments, the vibration motion of the carrier changes as the one or more
parameters from the set of reference control parameters being adjusted. In some cases, instability of
a system may indicate a vibration motion. If instability of the system is detected, the current control
parameters may be set as the adaptive control parameters.

[00113] In some embodiments, the a daptive c ontrol p arameters may be de termined by an
additional safe factor such that the fin al adaptive control parameters may be represented as K iny=
Ki*Rgfe . In some cases, the safe factor can be pre-determined by a user.

[00114] Alternatively, the ad aptive control p arameters may be d etermined in a p rocess as
shown in FIG. 7 part B. In some cases, a set of adaptive control parameters may be pre-obtained as
reference control parameters for a carrier or gimbal system such as using the process in part A, and a
new set of control parameters may need to be determined due to a payload change. In this case, the
previously used adaptive control parameters may be set as the initial control parameters Ko in Part B.
Similar to the process illustrated in part A, a sine frequency sweep may be applied to the system in
the range of fo-f, under Ky A frequency resp onse o f angular accel eration of the carrier may be
examined. In some embodiments, the angular acceleration may be obtained from a sensor such as an
IMU or gyroscope.

[00115] In some embodiments, the amplitude of the angular acceleration may be obtained and
the ratio of the amplitude of the current angular acceleration to the amplitude of the previous angular
acceleration may be calculated. For example, the ratio may be represented as kj=ai/ ao where the
amplitude of th e current angul ar acceleration is denoted as a; and the amplitude of the pre vious
angular acceleration is d enoted as ag. As described previously herein, the control parameters may
have a proportional relationship with the angular acceleration, thus the new set of control parameters
may be determined by Ki=K¢*Kjand K;= k;*Constant. In some embodiments, the constant may be
determined from empirical data. In other embodiments, according to various ways to model of the
system, the relationship of the control parameters and angular acceleration may not be represented
analytically and a lookup table may be used to store the relationship. Once the new set of control
parameters K; are determined using the angular acceleration data, the rest of the process in part B

may be similar to the process as described in part A.
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[00116] In another aspect of the present invention, a method for detecting a payload on a
carrier configured to support the payload is provided. In some embodiments, the method comprises
obtaining a c oupling state between t he carrier a nd the p ayload us ing one or more sensors; an d
assessing the coupling state between the carrier and the payload based on the data from the one or
more sensors, wherein assessing the coupling state comprises assessing (a) whether the payload is
coupled to the carrier, and/or (2) whether the payload is correctly mounted.

[00117] In a separate yet related aspect of the invention, an apparatus for detecting a payload
on a carrier configured to support the payload may be provided. The apparatus comprises one or
more processors that are individually or collectively configured to: obtain a coupling state between
the carrier and the payload using one or more sensors; and assess the coupling state b etween the
carrier and the payload based on the data from the one or more sensors, wherein assessing the
coupling state co mprises assessing (a) wh ether the payload is coup led to the carrier, and/o 1 (2)
whether the payload is correctly mounted.

[00118] In another aspect, the present invention provides a system for detecting a payload on
a carrier configured to support the payload may be provided. In practicing, the system comprises: a
movable object; the carrier being configured to operably couple the payload to the movable object;
and

[00119] one or more processors that are, indi vidually or collectively, configured to: obtain a
coupling state b etween t he carrier an d th e payload u sing one or m ore sen sors; and assess the
coupling state between the carrier and the payload based on the data from the one or more sensors,
wherein assessing the coupling state comprises assessing (a) whether the payload is coupled to the
carrier, and/or (2) whether the payload is correctly mounted.

[00120] In some em bodiments, the ¢ oupling s tate between the c arrier a nd the payload is
automatically assessed with aid of one or more processors without any user input.

[00121] FIG. 8 illustrates an exemplary block diagram of a carrier c omprising a payload
detector, in accordance with em bodiments. In so me embodiments, the carrier or gim bal p latform
may correspond to the system in FIG.3 and the plant 611 in FIG.6. As shown in FIG.8, the payload
detector 810 may be configured to detect a presence of a payload and/or mounting configuration of a
payload. In some cases, the presented method and apparatus may be able to a void damage to t he
actuators due to improper mounting of the payload.

[00122] In some embodiments, a coupling state of the payload to the carrier and/or mounting

configuration can be detected by the payload detector 810. In some embodiments, the coupling state
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may refer to whether a payload is mounted to a carrier or gimbal system or not. In some situations, it
may be critical to know whether a payload is installed before a controller is switched on to control or
stabilize the carrier. O perating a controller designed for controlling m ovement of a payload with
certain moment of inertia may be dangerous in the absence of payload (uncontrollable oscillation of
the sy stem). Si milarly, damage to the actuators may also occur caused by excessive moment o f
inertia of the payload due to improper mounting configuration as described previously in FIG. 2. In
some em bodiments, th e m ounting co nfiguration m ay r efert o one or m ore dynamic or s tatic
characteristics of the payload/carrier. For example, the ¢ haracteristics may include a m oment of
inertia of the carrier about an axis (e.g., roll-axis, pitch-axis, yaw-axis), location of a mass center in
one or more directions, position of the payload relative to the carrier etc.

[00123] In some em bodiments, assessing whether the payload is coupled to the carrier may
comprise comp aring the at least one motion characteristic of th e carrier to a predefined motion
characteristic of the carrier. In some embodiments, moment of inertia of the carrier may be measured
for assessing the coupling state. In some embodiments, the payload detector 810 may be configured
to generate an input signal 815 supplied to one or more actuators to cause movement of the carrier or
gimbal system, then one or more motion characteristics of the carrier in response to the input signal
may be examined. In some instances, the input signal 815 may be a low power signal that may not
cause danger to the system such as oscillation. Accordingly, moment of inertia of the carrier may be
calculated based on a respon se to the in put signal. In some emb odiments, an angular ac celeration
response of the actuator and the carrier may be examined such that the moment of inertia can be
obtained as described previously herein.

[00124] In some embodiments, the payload detector 810 may include one or more processors
811 that are configured to assess th e mounting position and coupling state of the payload based on
one or more motion c haracteristics of the carrier. In some embodiments, as sessing the mounting
position of the payload may comprise comparing the at least one motion characteristic of the carrier
to a plurality of different motion characteristic models of the carrier.

[00125] In some embo diments, the one or more processor 811 may be able t o calculate the
current moment of inertia abouta specific axis and compare itto a predetermined range. It the
calculated value exceeds the range, it may be indicative of an improper mounting p osition in the

specific direction. Optionally, the moment of inertia may be compared to a predefined threshold, if

the value is 1dentified to be lower than the threshold, it may be indicative of no payload is coupled to
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the carrier. In some embodiments, the threshold may be predefined when the carrier is not coupled
with a payload.

[00126] In some embodiments, moment of inertia resides outside of the range may lead to a

poor control performance regardless of se lection of control parameters or at an expensive cost of a

controller. The range may be determined empirically, analytically or from si mulation. If the current
moment of inertia e xceeds the range, the one or more processors may be ¢ onfigured to o utput a

result indicative of an improper mounting of the payload in the corresponding direction. For example,
if the moment of inertia about a roll axis is identified to be higher than a pre-determined upper limit,
the one or m ore processors 811 may be c onfigured t o generate a result indicating an excessive
payload is detected in the roll axis direction. In another example, if the moment of inertia 1s detected
as ze 10, th e output re sult m ay indicate t hat no payload is m ounted toth e carrier. Ins ome
embodiments, a control operation may not be carried if improper mounting configuration is detected.

[00127] In o ther em bodiments, other characteristics of motion may be use d t o as sess the

mounting position and coupling state. For instance, a signal may be applied to the carrier, then the
angular velocity or angular acceleration of the carrier in response to the signal may be obtained and
analyzed. In some embodiments, the dynamic performance of an open loop system may be examined.
In some embodiments, the frequency response of the angular velocity or angular acceleration may be
examined and compared to a predefined angular acceleration or angular velocity of the carrier. For
example, the payload may be detected as not coupled to th e carrier when the angular acceleration
response of the ca rrier m atches the pre defined angular a cceleration response of t he ca rrier. I n
another example, th e p ayload m ay be detected as coupl ed toth e carrier when th ea ngular
acceleration response of the carrier does not match the predefined angular acceleration response of
the carrier. In some embodiments, the predefined value may be obtained when the carrier is excited
by the same signal without coupling to any payload. In some embodiments, the input signal applied
to the carrier may ha vea prea ssessed fre quency a nd/or amplitude suc h that a variety of
characteristics of the frequency response can be used for comparison such as the amplitude of the
output signal.

[00128] Insome embodiments, the one or m ore processors may be a programmable processor
(e.g., a central processing unit (CPU) or a microcontroller), a field programmable gate array (FPGA)
and/or one or more A RM processors. In some embodiments, the one or more processors may be

operatively coupled to a non -transitory co mputer readable medium. The non-transitory co mputer

readable medium can store logic, code, and/or program instructions executable by the one or more
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processors unit for performing one or more steps. T he non-transitory computer rea dable m edium
can include one or more memory units (e.g., removable media or external storage such as an SD card
or random access memory (RAM)). In some embodiments, the specification of the motor and the
system that may be required for calcul ation of the moment of i nertia may b e s tored wi thin the
memory units of the non-transitory computer readable medium. In some embodiments, data from the
motion or location sensors can be directly conveyed to and stored within the memory units of the
non-transitory co mputer read able medium. The me mory units of th e non-transitory computer
readable medium can store logic, code and/or program instructions executable by the one or more
processors to p erform any suitable embodiment of the methods described herein. For example, the
one or more processors can be configured to execute instructions to calculate the moment of inertia
of the carrier as discussed herein. In other example, the one or more processors can be configured to
generate input signal to be supplied to the one or more actuators. In some embodiments, the memory
units of the n on-transitory computer readable medium can be used to store t he a daptive c ontrol
parameters determined by the one or more processors.

[00129] In so me e mbodiments, the angular acceler ation may be measured by one or more
sensors located on the carrier. In some embodiments, the sensors may be the same sensors used in a
control sy stem of the carrier such as an inertial sensor (e.g. IMU or gyroscope). The one or more
sensors may be operatively coupled to the one or more processors 811.

[00130] In other embodiments, in a ddition to using the motion characteristics of the ca rrier,
the coupling state and mounting position may be assessed using sensors 813 to detect one or more
static physical characteristics of the payload with respect to the carrier.

[00131] The one or more physical characteristics may be assessed when the carrier is static.
The one or more physical characteristics may include the position of the payload with respect to the
carrier, the proximity of the payload to a reference point of the carrier, the mass of the payload, the
mass distribution of the payload, whether a payload is coupled or attached to the carrier, and the like.
The one or more p hysical characteristics may be a cquired prior to the ac quisition of the m otion
characteristics, concurrent with or after the motion characteristics acquisition. In some embodiments,
the term physical characteristics may refer to positional characteristics and may be interchangeably
used throughout this description.

[00132] In some embodiments, the payload detector 810 may include additional sensor(s) 813
to assess the coupling state. In some e mbodiments, the sensor(s) 813 may be position detection

sensors located on the carrier. In some examples, the sensor(s) can be one or more proximity sensor
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configured to detect a distance between the payload and the carrier such that the mounting position
of the payload with respect to the carrier may be identified. In this case, the one or more processors
811 may be able to process the position of the payload and output the mounting configuration result
with indications whether the payload is properly mounted or not. In other examples, the sensor(s)
can be a mass sensor configured to detect a mass of the carrier. By comparison of the current mass
and a predefined mass, the coupling state of a payload may be identified. In another example, the
position detection sensor may comprise a photoelectric sensor and/or touch sensing switch to detect
the presence of a payload. For instance, the touch sensing switch may be triggered when a payload is
coupled to the carrier such that further carrier control may be performed.

[00133] In some embodiments, the sensor(s) 813 may be used to detect whether a payload is
coupled to the carrier when the carrier is static. In some cases, the detection may be performed prior
to the motion characteristics of the carrier acquired by the inertial sensors. For instance, prior to the
one or more motion characteristics of the carrier is measured, the sensor(s) 813 may be used to
detect an e xistence of a p ayload. If no payload is detected to be coupled to the carrier, further
process of payload detection based on motion characteristics may or may not be continued.

[00134] In some embodiments, when the carrier is detected to be not coupled to any payload,
the carrier may be set to a low power consumption mode. The 1 ow power consumption mode may
include lower the power consumption of one or more motors that actuate the carrier. For example,
one or more motors may be disabled or set to output a small torque when no payload is detected to
be c oupledtot he ca rrier. T he low p ower ¢ onsumption mode m ay in clude lower t he p ower
consumption of one or more sensors of t he carrier. For example, one or more sensors such as the
IMU, GPS may be disabled or set to operate at a lower frequency when no payload is detected to be
coupled to the carrier.

[00135] Optionally, th esen sor(s) 813 mayb eused to supplya dditional m ounting
configuration inform ation after one or m ore mo tion cha racteristics of the carrier is assessed. For
instance, the mounting configuration about one gimbal axis may be d etected to be improper (e.g.,
exceeding a predetermined range) based on the motion characteristics of the carrier. In this case, the
sensors(s) 813 may be used to further identity if the improper mounting configuration is due to an
unbalanced mounting position using proximity sensors or an oversize/weight payload using the mass
sensors. In some cases, the sensor(s) 813 may be used to guide users adjust the mounting position of

the payload along a specific direction.
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[00136] Alternatively, the sensor(s) 813 may be used as a stan dalone payload de tector t o
detect a coupling state. The coupling state may include at least whether a payload is coupled to the
carrier. The coupling state m ay be assessed without generating an input signal. The coupling state
may be assessed when the carrier is static. Further control operations based on motion characteristics
analysis may be performed if the payload is detected to be coupled to the carrier.

[00137] In some embodiments, the one or more processors 811 may be configured to further
generate a result of mounting configurations that are indicative of the coupling state and transmit the
result to a display 820. The display 820 may be configured to receive/transmit data with the payload
detector. Any s uitable m eans of communication can b e used, such as wired communication or
wireless communication. The transmitted data may include the coupling state of the payload to the
carrier and/or mounting configurations of the payload. In some embodiments, the data may include
the information about whether a payload is coupled to the carrier, whether a payload is coupled to a
carrier ina proper mounting position and/or the current mounting position of a pa yload. In som e
embodiments, the one or more processors may be configured to output an instruction to prompt the
user install a payload properly. In some embodiments, a con trol function may not be operated if
either im proper mounting configuration is detected or the c oupling state in dicates n o payload is

coupled to the carrier.

[00138] FIG. 9 shows e xamples o f coupling states dis played o n a d isplay de vice, in
accordance with some embodiments. In some embodiments, a po sition of the current center of the

payload m ay be displayed a nd a n inst ruction t hat prompts a user to a djust the p osition to a
predefined mounting position may be provided 910. For example, shown as 910, the user may be
prompted to adjust the payload in one or more directions. Alternatively, indications of the coupling
state and/or mounting configuration may be displayed to the user 920. For example, if the coupling
state of a payload is identified as no payload, a message may be displayed to the user on the display
to prompt the user to ¢ heck the installation. In another example, if t he moment of i nertia of the
carrier about an axis is detected to exceed a predefined range, an indication may be displayed to the
user to prompt the user check the mounting configuration about that direction. In some embodiments,
the control function us ed t o ¢ ontrol or stabilize the carrier may be disabled until a payload is

detected or the mounting configuration is detected to be within a predetermined range. It should be
noted that any suitable means may be used to prompt the user, such as message, GUI or a udible

prompt.
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[00139] In some embodiments, the display may be configured to show a user interface (UI) or a
graphical user interface (GUI) rendered through an application (e.g., via an application programming
interface (API) executed on the user device) on a device operably coupled to the payload detector.
The display may project a message to the user in the application to prompt adjusting the mounting
position of the payload, check the installation of the payload, or check the installation of the payload
about a speci fic axis/direction. In so me e mbodiments, the display may be able to al low users to
visualize the current mounting position of the payload. In some embodiments, the display may be
located on the carrier or gim bal platf orm. Optionally, the display may be located on an external

device remotely accessible to the carrier or gimbal platform.

[00140] In another aspect of the prese nt invent ion, a m ethod of determ ining ad aptive co ntrol
parameters for a carrier platform may be provided. In some embodiments, the method may comprise
verifying a p roper m ounting con figuration of a payload by identifying one or m ore physical
characteristics of the payload; and determining the adaptive control parameters based on the physical

characteristics.

[00141] FIG. 10 shows an example of a control scheme in accordance with some embodiments. As
shown in the fig ure, the plant 1001 may refer to one or mo re a ctuators and a carrier or gimb al
platform. In process 1, the mounting configuration of the payload may be detected using the methods
described previously. In some embodiments, the mounting configuration of the payload may include
one or more physical characteristics of the carrier such as th e moment of inertia of the carrier. In

some embodiments, the moment of inertia of the can be o btained by examination of the angular
acceleration of the carrier in response to a low power signal as described in FIG.5. The moment of
inertia of the carrier may be used to verify if the payload is mounted properly. In some embodiments,
the moment of inertia of the carrier can be used to determine a set of adaptive control parameters
using t he methods described previously. I nsom e em bodiments, t he set of a daptive ¢ ontrol
parameters determined in process 1 may be used as the final control parameters in process 2. In other
embodiments, the set of adaptive control parameters determined in process 1 can be used as the

initial set of parameters (correspond to K¢ in FIG. 7) for process 2. If the mounting configuration of
the payload is verified to be within a predefined range, the system may proceed to process 2. In

process 2, the adaptive control parameters may be determined using the methods described in FIG. 7

with or wit hout us ing the adaptive control pa rameters determined f rom process 1.1In ot her
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embodiments, the a daptive control parameters determined from process 1 may be used forthe
controller directly.

[00142] One or more processors may be configured to identify the coupling state and/or mounting
configuration of the payload, and may calculate a set of adaptive control parameters in process 1. In
some embodiments, the one or more processors may be configured to determine the adaptive control
parameters us ing th e methods di scussed els ewhere. In some embodiments, the o ne or m ore
processors may b ea pro grammable pr ocessor (e.g.,a c entral processing unit (CP U) or a
microcontroller), a field programmable gate array (FPGA) and/or one or more ARM processors. In
some em bodiments, the one or more processors may be o peratively coupled to a no n-transitory
computer readable medium. The non-transitory computer readable medium can store logic, code,
and/or program instructions ex ecutable by the o0 ne or more processors unit for performing one or
more steps. The non-transitory computer readable medium can include one or m ore memory units
(e.g., removable media or external storage such as an SD card or random access mem ory (RAM)).
In som e embod iments, the specifi cation of th e motor and the system that may be required for
calculation of the moment of inertia may be stored within the memory units of the non-transitory
computer re adable m edium. In some em bodiments, a lo okup ta ble t hat contains a rela tionship
between control parameters and one or more phy sical characteristics of the carrier may be stored
within the memory units. In some em bodiments, data from the motion or location sensors can be
directly conveyed to and stored within the memory units of the non-transitory computer readable
medium. The memory units of the non-transitory computer readable medium can store logic, code
and/or program i nstructions executable by the on e or m ore processors t o perform a ny s uitable
embodiment of the m ethods described herein. For example, the one or more processors can be
configured to execute in structions to calculate the m oment of inertia of the carrier as discussed
herein. In other example, the one or more processors can be configured to generate input signal to be
supplied to the one or more actuators. In some embodiments, the memory units of the non-transitory
computer readable medium can be used to store sets of adaptive control parameters determined by
the one or more processors or from any other means.

[00143] FIG. 11 illustrates examples of apparatus for controlling or stabilizing payloads 9 and
1102, in accordance with some embodiments. The elements of the apparatus 1120 or 1110 can be
used in combination with any of the systems, devices, and methods described herein. The apparatus

1110 can be carried by a movable object (not shown), such as a UAV. The apparatus 1120 can be a
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hand-held device carried by a human. Th e a pparatus 1120 or 1110 includes a carri er which is
coupled to the payload 9 or 1102.

[00144] In the depicted embodiment 1110, the carrier 1104 includes a first frame 1106 affixed
to the payload 1102 and a second frame 1108 coupled to the first frame 1106. In the de picted
embodiment 1110, the second frame 1108 is a yaw frame that is actuated by a yaw actuator 1116 in
order to rotate the carrier 1104 and coupled payload 1102 about a yaw axis, and the first frame 1106
is a roll frame that is actuated by a roll actuator 1118 in order to rotate the carrier 1104 and coupled
payload 1102 about a roll axis. The carrier 1104 can also include a pitch actuator 1120 configured to
rotate the payload 1102 about a pitch axis. The actuators 1116, 1118, and 1120 can each apply a
torque to rotate the respective frame or payload about the corresponding axis of rotation. Ea ch
actuator can be a mo tor including a rotor and a sta tor. For in stance, the yaw actuator 1116 can
include a rotor coupled to the yaw frame (second frame 1108) and a stator coupled to the movable
object (not shown), or vice-versa. However, it shall be appreciated that alternative configurations of
the carrier can also be used (e.g., less than or more than two frames, the second frame 1108 may be a
pitch frame or a roll frame rather than a yaw frame, the first frame may be a y aw frame or a pitch
frame rather than a roll frame, a separate pitch frame can be provided to coupled rotate the payload
about a pitch axis, etc.).

[00145] In the depicted embodiment 1120 and 1 may be an actuator to rotate the carrier about
a Y-axis 1124 and 7 may be a Y-axis shaft arm. 3 may be an actuator to rotate the carrier about a Z-
axis 1126 and 5 is the Z-axis shaft arm. 6 may be an actuator to rotate the carrier about a X-axis
1122 and 2 is the Z-axis shaft arm. One or more sensors such as inertial measurement unit may be
located on the shaft arms of the carrier. 8 may be a support that is configured to connect the payload
9 to the carrier.

[00146] In some embodiments, one or more position detection sensors may be located on the
carrier to assess a coupling state as previously described herein. The one or more position detection
sensors can be the same as described in FIG. 8. The sensors may be installed on any suitable position
on the carrier such as the Y-axis shaft arm 7. For instance, a proximity sensor may be located on the
Y-axis shaft arm 7 to detect whether the payload 9 is coupled to the carrier 1120.

[00147] As dis cussed a bove and he rein, t he carrier ca n be use d to ¢ ontrol the spatial
disposition (e.g., position and/or orientation) of a coupled payload. For instance, the carrier can be
used to move (e.g., translate and/or rotate) the payload to a desired spatial disposition. The desired

spatial disposition can be manually input by a user (e.g., via remote terminal or other external device
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in ¢ ommunication w ith the m ovable object, c arrier, and/or payload), de termined au tonomously
without requiring user input (e.g., by one or more processors of the movable object, carrier, and/or
payload), or determined semi-autonomously with aid o fone or more processors of the m ovable
object, carrier, and/or payload. The desired spatial disposition can be used to calculate a movement
of the carrier or one or more components thereof (e.g., one or more frames) that would achieve the
desired spatial disposition of the payload.

[00148] For example, in some embodiments, an input angle (e.g., a yaw angle) associated with
a desired attitude of the payload is received by one or more processors (e.g., of the movable object,
carrier, and/or payload). Ba sed on the input angle, the one or m ore processors can determine an
output torque to be applied to the carrier or one or more components thereof (e.g., a yaw frame) in
order to achieve the desired attitude. The output torque can be determined in a variety of ways, such
as using a feedback control loop. The feedback control loop can take the input angle as an input and
output the output torque as an output. The feedback control loop can be implemented using one or
more of a p roportional (P) controller, a proportional-derivative (PD) co ntroller, a p roportional-
integral (PI) controller, a proportional-integral-derivative (PID) controller, or combinations thereof.
[00149] The control parameters m ay be de termined us ingt he m ethod described hereint o
accommodate various payloads. In some embodiments, before start the control function, mounting
position and coupling state of the payloads with respect to the carrier may be de tected. In some
embodiments, the payload detection may be operated during carrier in itialization process. In some
embodiments, the payload detection may be operated when the carrier is at home position. In other
embodiments, the payload detection may be operated during a p rocess when the carrier is m oving
from a random attitude/position to a home attitude/position.

[00150] One or more processors may be provided to determine the adaptive control parameters of
the carrier and/or determine a mounting configuration and coupling state of the payloads.

[00151] The carrier or gimbal may be one-axis gimbal system or multi-axis gimbal system. One or
more sensor may be included to measure the motion of the carrier. The sensor(s) can be any sensor
suitable for obtaining data indicative of a spatial disposition (e.g., position, orientation, angle) and/or
motion ¢ haracteristic (e.g., t ranslational (1 inear) velocity, angular velocity, transl ational (linear)
acceleration, angular acceleration) of a payload, such as an inertial sensor. An inertial sensor may be
used herein to r efer a m otion sensor (e .g., a v elocity sensor, a n acceleration sensor such as an
accelerometer), an orientation sensor (e.g., a gyroscope, inclinometer), oran IMU having one or

more int egrated motion sensors and/or o ne or m ore integrated orientation sensors. A n 1inertial
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sensor m ay p rovide s ensing data re lative to a single axis of m otion. The axis of motion m ay
correspond to an axis of the inertial sensor (e.g., a longitudinal axis). A plurality of inertial sensors
can be used, with each inertial sensor providing measurements along a different axis of motion. For
example, three accelerometers can be used to provide acceleration data along three different axes of
motion. The three directions of motion may be orthogonal axes. One or more of the accelerometers
may be linea r acce lerometers configured to me asure a cceleration alonga translational axis.
Conversely, on e or mo re of t he ac celerometers m ay be an gular acce lerometers ¢ onfigured to
measure angular acceleration around a rotational axis. As another example, three gyroscopes can be
used to provide orientation data about three different axes of rotation. The three axes of rotation
may be orthogonal axes (e.g., roll axis, pitch axis, yaw axis). Alternatively, at least some or all of
the inertial sensors may provide measurement relative to the same axes of motion. Such redundancy
may be implemented, for instance, to improve measurement accuracy. Optionally, a single inertial
sensor may be capable of providing sensing data relative to a plur ality of axes. For example, an
IMU including a plurality of accel erometers and gy roscopes can be used to generate acceleration
data a nd or ientation da ta with respecttou p to six axes o f motion. Al ternatively, a single
accelerometer can be used to detect acceleration along multiple axes, and a single gyroscope can be
used to detect rotation about multiple axes.

[00152] Some sensors can be mechanically coupled to the carrier such that the spatial disposition
and/or motion of the carrier correspond to the spatial disposition and/or motion of the sensors. The
sensor can be coupled to the carrier via a rigid coupling, such that the sensor does not move relative
to the portion of the carrier to which it is attached. Alternatively, the coupling between the sensor
and the carrier can permit movement of the sensor relative to the carrier. T he coupling can be a
permanent coupling or non-permanent (e.g., releasable) coupling. Su itable coupl ing methods can
include adhesiv es, bond ing, we lding, a nd/or fasten ers (e. g., screws, n ails, pins, etc.). In some
embodiments, the coupling between the sensor and the carrier comprises shock absorbers or dampers
that reduce vibrations or other undesirable mechanical movements from being transmitted from the
carrier to the sensor. O ptionally, the sensor can be integrally formed with a portion of the carrier.
Furthermore, the sensor can be electrically coupled with a portion of the carrier (e.g., processing unit,
control system, data storage).

[00153] In some embodiments, the carrier is coupl ed to a movable object. A movable object of the
present invention can be configured to move within any suitable environment, such as in air (e.g., a

fixed-wing aircraft, a rotary-wing aircraft, or an aircraft having neither fixed wings nor rotary wings),
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in water (e.g., a ship or a submarine), on ground (e.g., a motor vehicle, such as a car, truck, bus, van,
motorcycle; a movable structure or frame such as a stick, fishing pole; or a train), under the ground
(e.g., asubway), in space (e.g., a space plane, a satellite, or a probe), or any combination of t hese
environments. Th e movable object can be a vehicle, such as a v ehicle described elsewhere herein.
In some embodiments, the movable object can be mounted on a living subject, such as a human or an
animal. Suitable animals can include avians, canines, felines, equines, bovines, ovines, porcines,
delphines, rodents, or insects.

[00154] The movable object may be capable of moving freely within the environment with respect
to six degrees of freedom (e.g., three degrees of freedom in translation and three degrees of freedom
in rotation). Alternatively, the movement of the movable object can be constrained with respect to
one or m ore de grees of freedom, such as by a predetermined p ath, track, or orientation. The
movement can be actuated by any suitable actuation mechanism, such as an engine or a motor. The
actuation mechanism of the movable object can be powered by any suitable energy source, such as
electrical energy, magnetic energy, solar energy, wind energy, gravitational energy, chemical energy,
nuclear energy, or any suitable combination thereof. The movable object may be self-propelled via a
propulsion system, as described elsewhere herein. The propulsion system may optionally run on an
energy source, such as electrical energy, magnetic energy, solar energy, wind energy, gravitational
energy, chemical energy, nuclear energy, or any suitable combination thereof. Alt ernatively, the
movable object may be carried by a living being. The movable object is not limited to any type of
motion or vibration, such as high frequency, medium frequency and low frequency vibration resulted
from any actuation system. The motion the movable object may cause relevant movement of the
carrier. In some embodiments, the present invention provides an adaptive control of the movement
of the carrier such that the motion of the payload s upported by the carrier may be stabilized or
controlled.

[00155] FIG. 13 illustrates a movable object 1300 including a carrier platform 1302 and a payload
1304, 1 n ac cordance with e mbodiments. T he c arrier platform 1302 m ay include a ny of't he
exemplary carrier (e.g. gimbal) platforms previously described with reference to FIG. 12. Although
the movable object 1300 is depicted as an aircraft, this depiction is not intended to be limiting, and
any suitable type of movable object can be used, as previously described herein. One of skill in the
art would appreciate that any of the embodiments described herein in the context of aircraft systems
can be applied to any suitable movable object (e.g., an UAV). In some particular instances, the

payload 1304 may be provided on the movable object 1300 without requiring the carrier platform
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1302. The movable object 1300 may include propulsion mechanisms 1306, a sensing system 1308,
and a communication system 1310.

[00156] The p ropulsion mechanisms 1306 can include one or more of rotors, propellers, blades,
engines, motors, wheels, axles, magnets, or n ozzles, as p reviously described. The movable object
may have one or more, two or m ore, three or more, or four or more propulsion mechanisms. The
propulsion m echanisms m ay all be ofth e sam et ype. Altern atively, o ne or m ore propulsion
mechanisms can be different ty pes of propulsion mechanisms. Th e propulsion mechanisms 1306
can be mounted on the movable object 1300 using any suitable means, such as a s upport element
(e.g.,a drive sh aft) as described else where h erein.  The pr opulsion mechanisms 1306 can b e
mounted on any suitable portion of the movable object 1300, such on the top, bottom, front, back,
sides, or suitable combinations thereof.

[00157] In so me e mbodiments, th e p ropulsion mechanisms 1306 can en able t he mo vable o bject
1300 to take off vertically froma surface or 1and vertically on a surface without requiring any
horizontal movement o fth e m ovable object 1300 (e. g., without traveling down arun way).
Optionally, the propulsion mechanisms 1306 can be operable to permit the movable object 1300 to
hoverint heairata specified position a nd/or orientation. O ne or m ore ofthe propulsion
mechanisms 1300 m ay be c¢ ontrolled in dependently of the oth er propulsion mechanisms.
Alternatively, the propulsion mechanisms 1300 can be configured to be controlled simultaneously.
For e xample, the m ovable object 1300 can have mu ltiple h orizontally oriented r otors that can
provide lift and/or thrust to the movable object. The multiple horizontally oriented rotors can be
actuated to provide vertical takeoff, vertical landing, and hovering capabilities to the movable object
1300. In some em bodiments, one or m ore of the horizontally or iented r otors may s pinin a
clockwise direction, while one or more of the horizontally rotors may spin in a counterclockwise
direction. For e xample, the number of clockwise rot ors m ay be e qual toth e n umber of
counterclockwise rotors. The rotation rate of each of the horizontally oriented rotors can be varied
independently in order to control the lift and/or thrust produced by each rotor, and thereby adjust the
spatial disposition, velocity, and/or acceleration of the movable object 1300 (e.g., with respect to up
to three degrees of translation and up to three degrees of rotation).

[00158] The se nsing s ystem 1308 ca n 1 nclude one or more se nsors that may sense t he spatial
disposition, velocity, and/or acceleration of the movable object 1300 (e.g., with respect to up to three
degrees of translation and up to three degrees of rotation). T he one or more sensors can include

global po sitioning sy stem (GPS) sen sors, m otion sens ors, in ertial sensors, pro ximity sensors, or
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image sensors. T he sensing data provided by the sensing system 1308 can b e used to control the
spatial disposition, v elocity, and/or orientation of the m ovable object 1300 (e.g., using a suitable
processing unit and/or control module, as described below). Alternatively, the sensing system 1308
can be use d to pr ovide data regarding the environment surrounding the movable object, suchas
weather conditions, proximity to potential obstacles, location of geographical features, 1ocation of
manmade structures, and the like. The sensing system 1308 can also be used to sense the spatial
disposition, ve locity, a nd/or acceleration of the payload 1304 (e.g., with respectto up to three
degrees of translation and up to three degrees of rotation).

[00159] The co mmunication sy stem 1310 en ables co mmunication with terminal 1312 ha ving a
communication system 1314 via wireles s signals 1316. Th e communication s ystems 1310, 13 14
may include a ny number of tra nsmitters, receivers, a nd/or transceivers s uitable f or wireless
communication. T he communication m ay be one-way ¢ ommunication, s uch th at datacanb e
transmitted in only on e d irection. For example, one-way communication may invo Ive only the
movable ob ject 1300 t ransmitting data to the term inal 1312, or vice-versa. T he data may be
transmitted fro m on e or mo re transm itters o f the co mmunication sy stem 1310 to on e or more
receivers of the communication system 1312, or vice-versa. Alternatively, the communication may
be two-way ¢ ommunication, s uch th at data ca n be t ransmitted in both d irections between the
movable object 1300 and the terminal 112. Th e two-way communication can involve tr ansmitting
data from one or more transmitters of the communication system 1310 to one or more receivers of
the communication system 1314, and vice-versa.

[00160] In some embodiments, the terminal 1312 can provide control data to o ne or more of the
movable object 1300, carrier 1302, and payload 1304 and receive information from one or more of
the movable object 1300, carrier 1302, and payload 1304 (e.g., position and/or motion information
of the movable object, carrier or payload; data sensed by the payload such as image data captured by
a payload camera). In some instances, control data from the terminal may include instructions for
relative positions, movements, actuations, or controls of the movable object, carrier and/or payload.
For example, the control data may result in a modification of the location and/or orientation of the
movable object (e.g., via control of the propulsion mechanisms 1306), or a movement of the payload
with respect to the movable object (e.g., via control of the carrier 1302). The control data from the
terminal may result in control of the payload, such as control of the operation of a camera or other
image capturing device (e.g., taki ng still or moving pictures, zooming in or out, turning on or off,

switching 1 maging m odes, ¢ hange im age re solution, ¢ hanging f ocus, ¢ hanging de pth o f f ield,
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changing e xposure ti me, changing vi ewing ang le or field of view). In some in stances, the
communications from the movable object, carrier and/or payload may include information from one
or more sensors (e.g., of the sensing system 1308 or of the payload 1304). The communications may
include sensed information from one or more different ty pes of sensors (e.g., GPS sensors, motion
sensors, inertial sensor, proximity sensors, or image sensors). Such information may pertain to the
position (e.g., location, orientation), movement, or acceleration of the movable object, carrier and/or
payload. Suc h information from a payload may include data captured by the payload or a se nsed
state of the payload. The control data provided transmitted by the terminal 1312 can be configured
to control a state of o ne or m ore of the movable object 1300, c arrier 1302, or payload 1304.
Alternatively o r1 n combination, t he carrier 1302 a nd payload 1304 can also e ach in clude a
communication module configured to communicate with terminal 1312, such that the terminal can
communicate with and control each of the movable o bject 1300, carrier 1302, and payload 1304
independently.

[00161] In s ome embo diments, the movable object 1300 can be configured to communicate with
another remote device in addition to the terminal 1312, or instead of the terminal 1312. The terminal
1312 may also be configured to communicate with another remote device as well as the movable
object 1300. For example, the movable object 1300 and/or terminal 1312 may communicate with
another m ovable o bject, or a ca rrier or payload of another movable o bject. W hen des ired, the
remote device may be a second terminal or o ther computing device (e.g., computer, laptop, tablet,
smartphone, or other mobile device). The remote device can be c onfigured to transmit data to the
movable object 1300, receive data from the movable object 1300, transmit data to the terminal 1312,
and/or receive data from the terminal 1312. Optionally, the remote device can be connected to the
Internet or other telecommunications network, such that data received from the movable object 1300
and/or terminal 1312 can be uploaded to a website or server.

[00162] While preferred embodiments o f th e pre sent i nvention have been shown and described
herein, 1t will be obvious to those skilled in the art that such em bodiments are provided by way of
example only. Nu merous variations, changes, and substitutions will now occ ur to those skilled in
the art without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention des cribed he rein may be e mployed in pra cticing the in vention.
Numerous d ifferent combinations of embodiments de scribed h erein are pos sible, and su ch
combinations are considered part of the present disclosure. In a ddition, all features dis cussed in

connection with any one embodiment herein can be readily adapted for use in other embodiments
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herein. Itis intended that the following claims define the scope of the invention and that methods

and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for controlling a carrier configured to supporta plurality of different types of

payload, the method comprising:

obtaining at least one motion characteristic of the carrier when the carrier is supporting a type
of payload from said plurality, wherein said motion characteristic is indicative of the type of payload
being supported by the carrier; and

selectinga set of control pa rameter(s) f rom a plura lity of different sets of control
parameter(s) based on said motion characteristic, wherein the selected set of control parameter(s) is
suitable for ¢ ontrolling m ovement of the carrier for the type of payload being s upported by the
carrier, and wherein each individual set of control parameter(s) 1s suitable for controlling the carrier
that supports a type of payload that is different from another payload in said plurality of payloads.
2. The method of claim 1, wherein the set of control parameter(s) is automatically selected from
the plurality of different sets of control parameter(s) with aid of one or more processors without any
user input.
3. The method of claim 1, wherein the set of control parameter(s) is selected from the plurality
of diff erent se ts of ¢ ontrol parameter(s) with ai d of one or m ore processors when the carrier
supporting the type of payload from said plurality of different types is in motion.
4. The method of claim 1, wherein controlling the carrier comprises effecting movement of the
carrier based in part on the selected set of control parameter(s).
5. The m ethod of claim 4, w hereint he m ovement of't he ¢ arrier comprises an a ngular
displacement, an angular velocity, and/or an angular acceleration of the carrier.
6. The method of claim 4, wherein the movement of the carrier is effected relative to a movable
object to which the carrier is operably coupled.
7. The method of claim 6, wherein the movable object 1s a handheld support member.
8. The method of claim 6, wherein the carrier is operably coupled to the movable object via a
releasable coupling.
9. The m ethod of cl aim 4, w herein the se lected set of control parameter(s) is su itable for
effecting th e movement of the carrier to achieve a predefined 1 evel of a ctuation c ontrol and /or
response speed wh en the carrier is supporting the type of payload from said plurality of different

types of payload.
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10. The method of claim 1, wherein the plurality of different types of payload are different in at
least one of the following aspects: (1) mass, (i) center of gr avity, (ii1) size, (iv) shape, (v) payload
function, or (v1) type of material of the payload.

11. The method of claim 1, wherein the plurality of different types of payload comprise different
types of imaging devices.

12. The method of claim 11, wherein the different types of imaging devices are configured to be
operably coupled to the carrier in different configurations.

13. The method of claim 1, wherein the at least one motion characteristic of the carrier comprises
a vibration motion of the carrier.

14. The method of claim 13, wherein the vibration motion of the carrier is obtained using one or
more inertial sensors located on the carrier.

15. The method of claim 13, wherein the vibration motion of the carrier is generated by initially
effecting movement of the carrier using a set of reference control parameter(s).

16. The method of claim 15, wherein the vibration motion of the carrier is indicative of a torque
response of the carrier for the set of reference control parameter(s).

17. The method of claim 16, wherein the set of control parameter(s) is selected from the plurality
of different sets of control parameter(s) based on the torque response of the carrier.

18. The method of claim 16, wherein the set of reference control parameter(s) are used to assess
the type of payload that is being supported by the carrier.

19. The method of claim 15, wherein the plurality of different sets o f control parameter(s) are
obtained by adjusting one or more parameters from the set of reference control parameter(s).

20. The method of claim 1 9, wh erein the at le ast one mo tion ch aracteristic o f th e carri er is
configured to change as the one or more parameters from the set of reference control parameter(s)
are being adjusted.

21. The method of claim 20, wherein the vibration motion of the carrier changes as the one or
more parameters from the set of reference control parameter(s) are being adjusted.

22. The method of claim 21, wherein the set of control parameter(s) is selected from the plurality
of different sets of control parameter(s) to reduce the vibration motion of the carrier when the carrier
is supporting the type of payload from said plurality of different types.

23. The method of claim 21, wherein the set of control parameter(s) is selected from the plurality

of different sets of control p arameter(s) to a chieve a predefined level of actuation control and/or
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response speed wh en the carrier is supporting the type of payload from said plurality of different
types.

24, The method of claim 1, wherein selecting the set of control parameter(s) from the plurality of
different sets of c ontrol parameter(s) comprises comparing the at least one motion characteristic of
the carrier to a plurality of differ ent motion characteristic models of t he carrier for the plurality of
different types of payload.

25. The method of claim 24 |, wherein theset of control parameter(s)isse lectedf or a
corresponding ty pe of payload when the at | east one motion characteristic of the carrier matches a
motion characteristic model for the corresponding type of payload.

26. The me thod o f ¢ laim 1, wh erein th e at lea st one motion ¢ haracteristic o 't he carri er is

obtained when a sig nal is appl ied to the carrier when the carrier 1 s supporting the type of payload
from said plurality of different types.

27. The method of claim 26, wherein the signal has a preassessed frequency and/or amplitude.

28. The method of claim 26, wherein the carrier comprises at least one motor, and th e signal is
augmented to an output torque of the at least one motor.

29. The m ethod of claim 26, w herein the a t le ast on e m otion ¢ haracteristic of the carrier
comprises an angular acceleration of the carrier.

30. The method of claim 29, wherein the angular acceleration of the carrier is obtained using one
or more inertial sensors located on the carrier.

31 The method of claim 29, wherein selecting the set of control parameter(s) from the plurality
of different sets of control parameter(s) comprises comparing the angular acceleration of the carrier
to a plurality of different angular acceleration responses of the carrier for the plurality of different
types of payload.

32 The method of claim 31 , wherein theset of control parameter(s)isse lectedf or a
corresponding ty pe o f payload when the angu lar acceleration of th e carri er m atches an angular
acceleration response for the corresponding type of payload.

33. The method of claim 1, wherein ea ch set of co ntrol parameter(s) is suitable for controlling

the carrier when the carrier is supporting a given type of payload from said plurality of different
types of payload.

34, The method of claim 1, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.

35. The method of claim 1, wherein the carrier comprises at least one frame.
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36. The method of claim 35, wherein the carrier comprises at least one motor for actuating the at
least one frame relative to a movable object to which the carrier is coupled.
37. The method of claim 36, wherein the carrier is rotatably coupled to the movable object.
38. The method of claim 3 6, wherein the carrier is configured to rotate relative to the movable
object about one or more rotational axes.
39. An apparatus for controlling a carrier configured to support a plurality of different types of
payload, the app aratus ¢ omprising on e or more processors th atare individually or co llectively
configured to:

obtain at least one motion characteristic of the carrier when the carrier is supporting a type of
payload from said plurality, wherein said motion characteristic is indicative o f the type of payload
being supported by the carrier; and

select a set of control parameter(s) from a pl urality of diff erent sets of control parameter(s)
based on said motion characteristic, wherein the selected set of control parameter(s) is s uitable for
controlling m ovement of the carrier for the type of payload being supported by the ¢ arrier, and
wherein individual sets of control parameter(s) in said plurality of control parameter(s) are suitable
for controlling the carrier when supporting the different types of payload.
40. The apparatus of claim 39, wherein each set of control parameter(s) is suitable for controlling
the carrier when the carrier is supporting a given type of payload from said plurality of different
types of payload.
41. The apparatus of claim 39, wherein the set of control parameter(s) is automatically selected
from the plurality of different sets of control parameter(s) with aid of the one or more processors
without any user input.
42. The apparatus o f claim 39, wherein the set of control parameter(s) is selected fr om th e
plurality of different sets of control parameter(s) with aid of the one or more processors when the
carrier supporting the type of payload from said plurality of different types is in motion.
43. The a pparatus of claim 39, wherein the one orm ore processors a re 1 ndividually or
collectively configured to compare the at least one motion characteristic of the carrier to a plurality
of different motion characteristic models of the carrier for the plurality of different types of payload.
44. The apparatus of claim 39, wherein the at least one motion characteristic of the carrieris
obtained when a sig nal is appl ied to the carrier when the carrier 1s supporting the type of payload
from said plurality of different types.

45. The apparatus of claim 39, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
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46. The apparatus of claim 39, wherein the carrier comprises at least one frame.
47. The apparatus of claim 46, wherein the carrier comprises at least one motor for actuating the

at least one frame relative to a movable object to which the carrier is coupled.
48. The apparatus of claim 46, wherein the carrier is rotatably coupled to the movable object.
49, The apparatus of claim 46, wherein the carrier is configured to rotate relative to the movable
object about one or more rotational axes.
50. A system for controlling a carrier co nfigured to support a plurality of dif ferent types of
payload, the system comprising:

a movable object;

the ca rrier be ing configured to o perably c ouple a typ e of pa yload fr om said p lurality of
different types to the movable object; and

one or more processors that are, individually or collectively, configured to:

obtain at least one m otion characteristic of the carrier when the carrier is suppo rting
the type of payload from said plurality, wherein said motion characteristic is indicative of the
type of payload being supported by the carrier; and
select a set of control parameter(s) from a plurality of different sets of control

parameter(s) based on said motion characteristic, wherein the selected set of control parameter(s) is
suitable f or c ontrolling m ovement of the carrier for the type of payload being supported by the
carrier, and wherein individual sets of control parameter(s) in said plurality of control parameter(s)
are suitable for controlling the carrier when supporting the different types of payload.
51.  The system of claim 50, wherein each set of control parameter(s) is suitable for controlling
the carrier when the carrier is supporting a given type of payload from said plurality of different
types of payload.
52. The sy stem of claim 50, wherein the set of control parameter(s) is auto matically selected
from the plurality of different sets of control parameter(s) with aid of the one o r more processors
without any user input.
53.  The system of claim 50, wherein the set of control parameter(s) is selected from the plurality
of different sets of control parameter(s) with aid of the o ne or more processors when the carrier
supporting the type of payload from said plurality of different types is in motion.
54. The system of claim 50, wherein the one or more processors are individually or collectively
configured to select the set of control parameter(s) from the plurality of different sets of c ontrol

parameter(s) based on a comparison ofthe at least one motion characteristic of the carrierto a
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plurality of different motion characteristic models of the carrier for the plurality of different types of
payload.

55. The sy stem of claim 50 wh erein the at le ast on e motion characteristic o f the carrier is

obtained when a sig nal is appl ied to the carrier when the carrier 1 s supporting the type of payload

from said plurality of different types.

56. The system of claim 50, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
57. The system of claim 50, wherein the carrier comprises at least one frame.
58. The system of claim 57, wherein the carrier comprises at least one motor for actuating the at

least one frame relative to a movable object to which the carrier is coupled.
59. The system of claim 58, wherein the carrier is rotatably coupled to the movable object.
60. The system of claim 58, wherein the carrier is configured to r otate relative to the movable
object about one or more rotational axes.
61. The system of claim 50, wherein the movable object is selected from a group consisting of an
unmanned aerial vehicle (UAV) and a handheld support.
62. A non-transitory computer-readable medium storing instructions that, when executed, causes
a computer to perform a method for controlling a carrier configured to support a plurality of different
types of payload, the method comprising:

obtaining at least one motion characteristic of the carrier when the carrier is supporting a type
of payload from said plurality, wherein said motion characteristic is indicative of the type of payload
being supported by the carrier; and

selectinga set of control pa rameter(s) f rom a plura lity of different sets of control
parameter(s) based on said motion characteristic, wherein the selected set of control parameter(s) is
suitable f or ¢ ontrolling m ovement of the carrier for the type of payload being supported by the
carrier, and wherein individual sets of control parameter(s) in said plurality of control parameter(s)
are suitable for controlling the carrier when supporting the different types of payload.
63. The non-transitory computer-readable medium o f claim 62, wh erein e ach set of control
parameter(s) is s uitable for controlling the carrier when the carrier is s upporting a given type of
payload from said plurality of different types of payload.
64. The n on-transitory ¢ omputer-readable medium of claim 62, w herein th e set o f ¢ ontrol
parameter(s) is automatically selected from the plurality of different sets of control parameter(s) with

aid of one or more processors without any user input.
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65. The n on-transitory ¢ omputer-readable medium of claim 62, w herein th e set o f ¢ ontrol
parameter(s) is selected from the plurality of different sets of control parameter(s) with aid of one or
more pr ocessors w hen the carrier supporting the typ e of payload from said p lurality of different
types 1s in motion.
66. The non-transitory ¢ omputer-readable medium of claim 6 2, w herein s electing the set of
control parameter(s) from the plurality of different sets of control parameter(s) comprises comparing
the at least one motion characteristic of the carrier to a plurality of different motion characteristic
models of the carrier for the plurality of different types of payload.
67. The non-transitory computer-readable medium of claim 62, wherein the at least one motion
characteristic of the carrier is obtained when a signal is app lied to the carrier when the carrier is
supporting the type of payload from said plurality of different types.
68. A method for detecting a payload on a carrier configured to support the payload, the method
comprising;

obtaining at least one motion characteristic of the carrier, wherein said motion characteristic
is indicative of a coupling state between the carrier and the payload; and

assessing the coupling state between the carrier and the payload based on the a t least one
motion characteristic, wherein a ssessing the coupling state co mprises assessing (1) wh ether th e
payload is coupled to the carrier, and/or (2) whether the payload is correctly mounted.
69. The method of claim 68, wherein the coupling state between the carrier and the payload is
automatically assessed with aid of one or more processors without any user input.
70. The method of claim 68, wherein the coupling state between the carrier and the payload is
automatically assessed with aid of one or more processors when the carrier is supporting the payload.
71. The method of claim 68, wherein assessing wh ether the payload is coupled to th e carrier
comprises comparing the at least one motion ¢ haracteristic o f the carrier to a p redefined motion
characteristic of the carrier, wherein the predefined motion characteristic of the carrier is associated
with a state of the carrier without the payload.
72. The method of claim 71, further comprising: assessing that the payload is not coupled to the
carrier wh en the at | east o ne motion characteristic of the carrier matches the predefined motion
characteristic of the carrier.
73. The method of claim 71, further comprising: assessing that the payload is coupled to the
carrier when the at | east one mo tion ch aracteristic of the ca rrier do es n ot match th e predefined

motion characteristic of the carrier.
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74. The m ethod o f ¢l aim 6 8, wh erein the at le ast one mo tion ch aracteristic o f th e carri er is
obtained when a signal is applied to the carrier.

75. The method of claim 74, wherein the signal has a preassessed frequency and/or amplitude.
76. The method of claim 74, wherein the carrier comprises at least one motor, and th e signal is

augmented to an output torque of the at least one motor.

77. The m ethod of claim 74, w herein the a t le ast one m otion ¢ haracteristic of the ¢ arrier
comprises an angular acceleration of the carrier.

78. The method of claim 77, wherein the angular acceleration of the carrier is obtained using one
or more inertial sensors located on the carrier.

79. The method of claim 77, wherein assessing wh ether the payload is coupled to th e carrier
comprises co mparing the angu lar acceleration o f the carrier to a p redefined angular acceleration
response of the carri er, wh erein th e p redefined a ngular acceleration response of th e carrie r is
associated with a state of the carrier without the payload.

80. The method of claim 79, further comprising: assessing that th e payload is coupled to the
carrier when the angular acceleration response of the carrier does not match the predefined angular
acceleration response of the carrier.

81. The method of claim 68, wherein assessing the mounting position of the pay load comprises
comparing th e at least one mo tion ¢ haracteristic of the carrier to a plurality of d ifferent motion
characteristic models of the carrier.

82. The method of claim 81, wherein the plurality of different motion characteristic models are
indicative of the payload being coupled to the carrier in a plurality of different mounting positions.
83. The m ethod of claim 8 1, further com prising: selecting the mounting po sition from th e
plurality of different mounting positions when the at least one motion characteristic of the ¢ arrier
matches a motion characteristic model for the selected mounting position.

84. The m ethod of claim 83, w herein the a tle ast on e m otion ¢ haracteristic of the carrier
comprises an angul ar a cceleration o fth e ca rrier, and wherein th e plurality o f d ifferent m otion
characteristic models comprise a plurality of different predefined angular acceleration responses of
the carrier for the plurality of different mounting positions.

85. The method of claim 68, further comprising: obtaining at least one physical characteristic of
the p ayload, wh erein the at least one phy sical characteristicis indicative of th e coupling st ate
between the ca rrier and th e payload; and assessing the coup ling state between the carrier and th e

payload based on the at least one physical characteristic.



WO 2017/206073 PCT/CN2016/084175

55

86. The m ethod of claim 85, w herein the at lea st one phys ical ¢ haracteristic ¢ omprises a

proximity of the payload relative to a reference point on the carrier.

87. The method of claim 85, wherein the at least one physical characteristic comprises a mass of
the payload.
88. The method of claim 85, wherein the at least one physical characteristic comprises a m ass

distribution of the payload.

89. The method of claim 85, wherein the at least one physical characteristic is obtained using one
or more position detection sensors located on the carrier.

90. The method of claim 89, wherein the one or more position d etection sensors are configured
to assess whether the payload is coupled to the carrier prior to one or more inertial sensors obtaining
the at least one motion characteristic of the carrier.

91. The method of claim 89, wherein the one or more position d etection sensors are configured
to assess a mounting position of the payload after one or more inertial sensors have obtained the at
least one motion characteristic of the carrier.

92. The method of claim 8 9, wh erein the on e or m ore p osition detection sensors com prise a
proximity sensor configured to detect a distance between the payload and the carrier.

93. The method of claim 89, wherein the one or more position detection sensors comprise a mass
sensor configured to detect a mass of the carrier with or without the payload being coupled to the
carrier.

94, The method of claim 8 9, wherein the on e or m ore p osition detection sensors com prise a
photoelectric sensor and/or a touch sensing switch.

95. The m ethod of cla im 6 8, fu rther ¢ omprising: ge nerating a p lurality of sig nals tha t ar e
indicative of the coupling state.

96. The method of claim 95, wherein a first signal is generated when the payload is assessed to
be coupled to the carrier, and a se cond signal is generated when the payload is assessed not to be
coupled to the carrier.

97. The method of claim 96, wherein a third signal is generated when the payload is assessed to
be coupled to the carrier in a predefined mounting position, and a fourth signal is generated when the
payload is assessed not to be coupled to the carrier in the predefined mounting position.

98. The method of claim 97, wherein the predefined mounting position corresponds to a suitable

mounting position for the payload on the carrier.
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99. The method of claim 98, wherein the carrier is configured to support a plurality of different
types of payload, and wherein said plurality types have different predefined mounting positions.
100. The method of claim 68, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
101.  The method of claim 68, wherein the carrier comprises at least one frame.
102. The method of claim 101, wherein the carrier comprises at least one motor for actuating the
at least one frame relative to a movable object to which the carrier is coupled.
103. The method of claim 102, wherein the carrier is rotatably coupled to the movable object.
104. The method of claim 102, wherein the carrier is configured to rotate relative to the movable
object about one or more rotational axes.
105. Anapparatus for detecting a payload on a carrier configured to s upport the payload, the
apparatus comprising one or more processors that are individually or collectively configured to:
obtain at least one motion characteristic of the carrier, wherein said motion characteristic is
indicative of a coupling state between the carrier and the payload ; and
assess the coupling state between the carrier and the payload based on the at least one motion
characteristic, wherein assessing the coupling state comprises assessing (1) whether the payload is
coupled to the carrier and/or (2) a mounting position of the payload if the payload is assessed to be
coupled to the carrier.
106. The apparatus of claim 105, wherein the coupling state between the carrier and the payload is
automatically assessed with aid of the one or more processors without any user input.
107. The apparatus of claim 105, wherein the coupling state between the carrier and the payload is
automatically assess ed with aid ofthe on e or more processors when the carrier is supporting the
payload.
108.  The apparatus of claim 105, wherein assessing whether the payload is coupled to the carrier
comprises comparing the at least one m otion ¢ haracteristic o f the carrier to a p redefined motion
characteristic of the carrier, wherein the predefined motion characteristic of the carrier is associated
with a state of the carrier without the payload.
109.  The apparatus of claim 105, further comprising: obtaining at least one physical characteristic
of the payload, wherein the at least one physical ¢ haracteristic is indicative of the coupling state
between the ca rrier and th e payload; and assessing the coup ling state between the carrier and th e
payload based on the at least one physical characteristic.
110. The apparatus o f claim 109, wherein th e at least one phy sical ch aracteristic co mprises a

proximity of the payload relative to a reference point on the carrier.
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111.  The apparatus of claim 109, wherein the at least one physical characteristic comprises a mass
of the payload.
112.  The apparatus of claim 109, wherein the at least one physical characteristic is obtained using
one or more position detection sensors located on the carrier.
113. The a pparatus of ¢ laim 112, w hereint he one or m ore position detection sensors are
configured to assess w hether the pa yload is ¢ oupled to the carrier prior to one or more inertial
sensors obtaining the at least one motion characteristic of the carrier.
114. The a pparatus of claim 1 12,whereint he one or more pos ition detection sensors are
configured to assess a mounting position of the payload after one or more inertial sensors have
obtained the at least one motion characteristic of the carrier.
115. The apparatus of claim 112, wherein the one or more position detection sensors comprise a
proximity sensor configured to detect a distance between the payload and the carrier.
116. The apparatus of claim 112, wherein the one or more position detection sensors comprise a
mass sensor configured to detect a mass of the carrier with or without the payload being coupled to
the carrier.
117. The apparatus of claim 112, wherein the one or more position detection sensors comprise a
photoelectric sensor and/or a touch sensing switch.
118. The apparatus of claim 105, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
119.  The apparatus of claim 105, wherein the carrier comprises at least one frame.
120. A system for detecting a payload on a carrier configured to support the payload, the system
comprising;

a movable object;

the carrier being configured to operably couple the payload to the movable object; and

one or more processors that are, individually or collectively, configured to:

obtain at least one motion characteristic of the carrier, wherein said motion
characteristic is indicative of a coupling state between the carrier and the payload ; and
assess the coupling state between the carrier and the payload based on the at least one

motion characteristic, wherein a ssessing the coupling state co mprises assessing (1) wh ether the
payload is coupled to the carrier and/or (2) a mounting position of the payload if th e payload is
assessed to be coupled to the carrier.
121.  The system of claim 120, wherein the coupling state between the carrier and the payload is

automatically assessed with aid of the one or more processors without any user input.
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122.  The system of claim 120, wherein the coupling state between the carrier and the payload is
automatically assess ed with aid ofthe on e or more processors when the carrier is supporting the
payload.

123.  The system of claim 120, wherein the one or more processors are individually or collectively
configured to ass ess whether the payload is coupled to the carrier based on a ¢ omparison of the at
least one motion ¢ haracteristic of the carrier to a predefined motion characteristic o f th e carrier,
wherein the predefined motion characteristic of the carrier is associated with a state of the carrier
without the payload.

124.  The system of claim 120, wherein the one or more processors are individually or collectively
configured to: obtain at least one physical characteristic of the payload, wherein the at least one
physical characteristic is indicative of the ¢ oupling state between the carrier and the payload; and
assess the coupling state b etween the carrier and the payload based onthe at least one phy sical
characteristic.

125. Thesy stem o f claim 1 24, whereint he at least on e physical ch aracteristic ¢ omprises a
proximity of the payload relative to a reference point on the carrier.

126.  The system of claim 124, wherein the at least one physical characteristic comprises a mass of
the payload.

127. The system of claim 124, wherein the at least one physical characteristic is o btained using
one or more position detection sensors located on the carrier.

128. The system of claim 127, wherein the one or more position detection sensors are configured
to assess whether the payload is coupled to the carrier prior to one or more inertial sensors obtaining
the at least one motion characteristic of the carrier.

129. The system of claim 127, wherein the one or more position detection sensors are configured
to assess a mounting position of the payload after one or more inertial sensors have obtained the at
least one motion characteristic of the carrier.

130. Thesystem of claim 127, wherein the one or more position d etection sensors comprise a
proximity sensor configured to detect a distance between the payload and the carrier.

131. Thesystem of claim 127, wherein the one or more position d etection sensors comprise a
mass sensor configured to detect a mass of the carrier with or without the payload being coupled to
the carrier.

132.  Thesystem of claim 127, wherein the one or more position d etection sensors comprise a

photoelectric sensor and/or a touch sensing switch.
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133.  The system of claim 120, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
134.  The system of claim 120, wherein the carrier comprises at least one frame.
135. The system of claim 134, wherein the carrier comprises at least one motor for actuating the at
least one frame relative to a movable object to which the carrier is coupled.
136.  The system of claim 135, wherein the carrier is rotatably coupled to the movable object.
137. The system of claim 135, wherein the carrier is configured to rotate relative to the movable
object about one or more rotational axes.
138.  The system of claim 120, wherein the movable object is selected from a group consisting of
an unmanned aerial vehicle (UAV) or a handheld support.
139. A non-transitory computer-readable medium storing instructions that, when executed, causes
a computer to perform a m ethod for d etecting a payload on a carrier configured to support the
payload, the method comprising:

obtaining at least one motion characteristic of the carrier, wherein said motion characteristic
1s indicative of a coupling state between the carrier and the payload ; and

assessing the coupling state between the carrier and the payload based on the a t least one
motion characteristic, wherein a ssessing the coupling state co mprises assessing (1) wh ether th e
payload is coupled to the carrier and/or (2) a mounting p osition of the payload if th e payload is
assessed to be coupled to the carrier.
140.  The n on-transitory co mputer-readable medium of claim 139, wh erein th e coupling st ate
between the carrier and the payload is automatically assessed with aid of one or more processors
without any user input.
141.  The n on-transitory co mputer-readable medium of claim 139, wh erein th e coupling st ate
between the carrier and the payload is automatically assessed with aid of one or more processors
when the carrier is supporting the payload.
142,  The non-transitory computer-readable medium of claim 139, wherein assessing whether the
payload is c oupled to the carrier comprises comparing the at least one motion characteristic of the
carrier to  a p redefined mo tion ch aracteristic of't he carrier, whereint he p redefined motion
characteristic of the carrier is associated with a state of the carrier without the payload.
143.  The non-transitory computer-readable medium of claim 139, further comprising: obtaining at
least one physical characteristic of the payload, wherein the at least one physical characteristic is
indicative of the coupling state between the carrier and the payload; and assessing the coupling state

between the carrier and the payload based on the at least one physical characteristic.
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144. The non-transitory computer-readable m edium of cl aim 1 43, wherein theat least one
physical ¢ haracteristic comprises a p roximity of the payload relative to a reference point on the
carrier.
145. The non-transitory computer-readable m edium of cl aim 1 43, wherein theat least one
physical characteristic comprises a mass of the payload.
146. The non-transitory computer-readable m edium of cl aim 1 43, wherein theat least one
physical characteristic is obtained using one or more position detection sensors located on the carrier.
147. The non-transitory computer-readable m edium of cl aim 1 46, whereint he one or m ore
position detection sensors are configured to assess whether a payload is coupled to the carrier prior
to one or more inertial sensors obtaining the at least one motion characteristic of the carrier.
148. The non-transitory computer-readable m edium of cl aim 1 46, whereint he one or m ore
position detection sensors are configured to assess a mounting position of the payload after one or
more inertial sensors have obtained the at least one motion characteristic of the carrier.
149. The non-transitory computer-readable m edium of cl aim 1 46, whereint he one or m ore
position detection sensors comprise a proximity sensor configured to detect a distance between the
payload and the carrier.
150. The non-transitory computer-readable m edium of cl aim 1 46, whereint he one or m ore
position detection sensors comprise a mass sensor configured to detect a mass of the carrier with or
without the payload being coupled to the carrier.
151. The non-transitory computer-readable medium of claim 146, wherein the position detection
sensor comprises a photoelectric sensor and/or a touch sensing switch.
152.  The non-transitory computer-readable medium of claim 139, wherein the carrier is a single-
axis gimbal or a multi-axis gimbal.
153.  The non-transitory computer-readable medium of claim 139, wherein the carrier comprises at
least one frame.
154. A method for detecting a payload on a carrier configured to support a plurality of different
types of payload, the method comprising:

obtaining at least one physical characteristic of the payload, wherein the at least one physical
characteristic is indicative of a coupling state between the carrier and the payload;

assessing the coupling state between the carrier and the payload based on the a t least one

physical characteristic, wherein assessing the coup ling state co mprises assessing (1) whether the
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payload is coupled to the carrier and/or (2) a mounting p osition of the payload if th e payload is
assessed to be coupled to the carrier; and

selecting a set of control parameter(s) for controlling the carrier .
155. The method of claim 154, further comprising selecting the set of control parameter(s) from a
plurality of different sets of c ontrol parameter(s) based on said physical characteristic, wherein the
selected set of control parameter(s) is suitable for controlling movement of the carrier for the type of
payload being supported by the carrier, and wherein each individual set of control parameter(s) is
suitable for c ontrolling the carrier that s upports a type of payload that is dif ferent from a nother
payload in said plurality of payloads.
156. The method of claim 154, wherein the plurality of different types of payload are different in
at least one of the following aspects: (1) mass, (i1) center of gravity, (ii1) size, (iv) shape, (v) payload
function, or (v1) type of material of the payload.
157.  The m ethod of claim 154, wherein the plurality of different types of payload ¢ omprise
different types of imaging devices.
158. The method of claim 154, w herein the at least one phy sical ¢ haracteristic ¢ omprises a
proximity of the payload relative to a reference point on the carrier.
159. The method of claim 154, wherein the at least one physical characteristic comprises a mass
of the payload.
160. The method of claim 154, wherein the at least one physical characteristic comprises a mass
distribution of the payload.
161. The method of claim 154, wherein the at least one physical characteristic is obtained using
one or more position detection sensors located on the carrier.
162. The method of claim 161, wherein the one or more position detection sensors are configured
to assess whether the payload is coupled to the carrier prior to one or more inertial sensors obtaining
at least one motion characteristic of the carrier.
163.  The method of claim 161, wherein the one or more position detection sensors are configured
to assess the mounting position of the payload after on e or more inertial sensors have obtained at
least one motion characteristic of the carrier.
164. The method of claim 161, wherein the one or more position detection sensor co mprise a

proximity sensor configured to detect a distance between the payload and the carrier.
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165. The method of claim 161, wherein the one or more position detection sensor comprise a mass
sensor configured to de tect a mass of the carrier with or without the payload being coupled to the
carrier.
166. The method of claim 161, wherein the one or m ore position detection sensors comprise a
photoelectric sensor and/or a touch sensing switch.
167.  The method of claim 154, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
168. The method of claim 154, wherein the carrier comprises at least one frame.
169. The method of claim 168, wherein the carrier comprises at least one motor for actuating the
at least one frame relative to a movable object to which the carrier is coupled.
170. The method of claim 154, further comprising selecting a set of parameters to control the
carrier operate in a low power consumption mode when the carrier is assessed to be not coupled to
any payload.
171.  The m ethod o f c laim 17 0, the 1 ow ¢ onsumption m ode m ay inc lude lowering th e p ower
consumption of one or more motors of the carrier and/or one or more sensors located on the carrier.
172. Ana pparatus f or detecting a pa yload ona carrier configuredto supporta plurality of
different types of payload, the apparatus comprising one or more processors that are individually or
collectively configured to:

obtain at least one physical characteristic of the payload, wherein the at least one physical
characteristic is indicative of a coupling state between the carrier and the payload;

assess th e coup ling state b etween the carrier and th e payload based on theat least one
physical cha racteristic, wherein assessing the coup ling state co mprises assessing (1) whether the
payload is coupled to the carrier and/or (2) a mounting position of the payload if th e payload is
assessed to be coupled to the carrier; and

select a set of control parameter(s) for controlling the carrier .
173.  The apparatus of claim 172, wherein the one or more processors are further configured to
select the set of control parameter(s) from a plurality of different sets of control parameter(s) based
on said physica | characteristic, wherein th e selected set of co ntrol p arameter(s) is suitable for
controlling m ovement of the carrier for the typ e of payload being supported by the ¢ arrier, and
wherein each individual set of control parameter(s) is suitable for controlling the carrier that supports

a type of payload that is different from another payload in said plurality of payloads.
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174.  The apparatus of claim 172, wherein the plurality of different types of payload are different
in at least one of the following as pects: (1) mass, (i1) center of gravity, (1i1) size, (iv) s hape, (v)
payload function, or (vi) type of material of the payload.

175. The apparatus of claim 172, wherein the plurality of different types of payload comprise
different types of imaging devices.

176. The apparatus of claim 1 72, wherein th e at least one phy sical ch aracteristic co mprises a
proximity of the payload relative to a reference point on the carrier.

177. The apparatus of claim 172, wherein the at least one physical characteristic comprises a mass
of the payload.

178.  The apparatus of claim 172, wherein the at least one physical characteristic comprises a mass
distribution of the payload.

179. The apparatus of claim 172, wherein the at least one physical characteristic is obtained using
one or more position detection sensors located on the carrier.

180. The a pparatus of ¢ laim 179, w hereint he one or m ore position detection se nsors are
configured t o assess w hether the payload is ¢ oupled to the carrier prior to one or more inertial
sensors obtaining at least one motion characteristic of the carrier.

181. The a pparatus of ¢ laim 179, w hereint he one or m ore position detection se nsors are
configured to a ssess the mounting position of the payload after one or more inertial sensors have
obtained at least one motion characteristic of the carrier.

182. The apparatus of claim 179, wherein the one or more position detection sensor comprise a
proximity sensor configured to detect a distance between the payload and the carrier.

183.  The apparatus of claim 179, wherein the one or more position detection sensors c omprise a
photoelectric sensor and/or a touch sensing switch.

184. The apparatus of claim 172, wherein the carrier is a single-axis gimbal or a multi-axis gimbal.
185.  The apparatus of claim 172, wherein the carrier comprises at least one frame.

186.  The apparatus of claim 185, wherein the carrier comprises at least one motor for actuating the
at least one frame relative to a movable object to which the carrier is coupled.

187. The apparatus of claim 172, further comprising selecting a se t of parameters to control the
carrier operate in a | ow power consumption mode when the carrier 1s assessed to be not coupled to
any payload.

188. The apparatus of claim 187, the low c onsumption mode may include lo wering th e po wer

consumption of one or more motors of the carrier and/or one or more sensors located on the carrier.
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189. A system for detecting a payload on a carrier configured to support a plurality of different
types of payload, the system comprising:

a movable object;

the carrier being configured to operably couple the payload to the movable object; and

one or more processors that are, individually or collectively, configured to:

obtain at least one physical characteristic of the payload, wherein the at least one phy sical
characteristic is indicative of a coupling state between the carrier and the payload,;

assess th e coup ling state b etween the carrier and th e payload based on theat least one
physical cha racteristic, wherein assessing the coup ling state co mprises assessing (1) whether the
payload is coupled to the carrier and/or (2) a mounting p osition of the payload if th e payload is
assessed to be coupled to the carrier; and

select a set of control parameter(s) for controlling the carrier .
190.  The system of claim 189, wherein the one or more processors are further configured to select
the set of control parameter(s) from a plurality of different sets of control parameter(s) based on said
physical chara cteristic, wherein th e sel ected set o f control parameter(s) is suitable for controlling
movement of the carrier for the type of payload being supported by the carrier, and wherein each
individual set of control parameter(s) is sui table for controlling the carrier that supports a ty pe of
payload that is different from another payload in said plurality of payloads.
191. Thesy stemo f claim 1 89, whereint he at least on e physical ch aracteristic ¢ omprises a
proximity of the payload relative to a reference point on the carrier.
192. The system of claim 189, wherein the at least one physical characteristic is o btained using
one or more position detection sensors located on the carrier.
193. The system of claim 192, wherein the one or more position detection sensors are configured
to assess whether the payload is coupled to the carrier prior to one or more inertial sensors obtaining
at least one motion characteristic of the carrier.
194.  The system of claim 192, wherein the one or more position detection sensors are configured
to assess the mounting p osition of the payload after one or more inertial sensors have obtained at
least one motion characteristic of the carrier.
195. The system of claim 192, wherein the one or more p osition detection s ensor c omprises a
proximity sensor configured to detect a distance between the payload and the carrier.
196. The system of claim 192, wherein the one or more p osition detection s ensor c omprises a

photoelectric sensor and/or a touch sensing switch.
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197.  The system of claim 189, wherein the one or more processors are further configured to select
a set of parameters to control the carrier operate in a low power consumption mode when the carrier

1s assessed to be not coupled to any payload.

198. Thesystemofclaim197,t he low consumption mode may i nclude lo wering th e p ower
consumption of one or more motors of the carrier and/or one or more sensors located on the carrier.
199.  The system of claim 189, wherein the movable object is selected from a group consisting of

an unmanned aerial vehicle (UAV) or a handheld support.
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