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SELF PROPELLED DEVICE WITH
MAGNETIC COUPLING

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Ser. No. 62/149,441, entitled “SELF PRO-
PELLED DEVICE WITH MAGNETIC COUPLING,” filed
Apr. 17, 2015; the aforementioned priority application being
hereby incorporated by reference in its entirety.

This application is also a Continuation-in-part of U.S.
patent application Ser. No. 14/459,235, entitled “MAGNETI-
CALLY COUPLED ACCESSORY FOR A SELF-PRO-
PELLED DEVICE”, filed Aug. 13, 2014; which is a Continu-
ation-in-part of U.S. patent application Ser. No. 14/035,841,
entitled “SELF-PROPELLED DEVICE WITH ACTIVELY
ENGAGED DRIVE SYSTEM,” filed Sep. 24, 2013; which is
a Continuation of U.S. patent application Ser. No. 13/342,
853, entitled “SELF-PROPELLED DEVICE WITH
ACTIVELY ENGAGED DRIVE SYSTEM,” filed Jan. 3,
2012, now U.S. Pat. No. 8,571,781, issued Oct. 29, 2013;
which claims priority under 35 U.S.C. §119(e) to (i) U.S.
Provisional Patent Application Ser. No. 61/430,023, entitled
“METHOD AND SYSTEM FOR CONTROLLING A
ROBOTIC DEVICE;” filed Jan. 5, 2011; (ii) U.S. Provisional
Patent Application Ser. No. 61/430,083, entitled “METHOD
AND SYSTEM FOR ESTABLISHING 2-WAY COMMU-
NICATION FOR CONTROLLING A ROBOTIC DEVICE,”
filed Jan. 5, 2011; and (iii) U.S. Provisional Patent Applica-
tion Ser. No. 61/553,923, entitled “A SELF-PROPELLED
DEVICE AND SYSTEM AND METHOD FOR CONTROL-
LING SAME,” filed Oct. 31, 2011; all of the aforementioned
priority applications being hereby incorporated by reference
in their respective entirety.

BACKGROUND

Remote controlled devices have previously been operated
using specialized remote controllers specific to a particular
device. Accessories to remote controlled devices typically
involve physical fastening means to connect the accessories
to portions of a frame or housing.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure herein is illustrated by way of example, and
not by way of limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to similar
elements, and in which:

FIG. 1 is an example block diagram illustrating a system to
control operation of a self-propelled device;

FIG. 2A is a schematic depiction of a self-propelled device
and a computing device, under an embodiment;

FIG. 2B depicts a system comprising computing devices
and self-propelled devices, according to another embodi-
ment;

FIG. 2C is a schematic that illustrates a system comprising
a computing device and multiple self-propelled devices,
under another embodiment.

FIG. 3A is a block diagram illustrating the components of
a self-propelled device that is in the form of a robotic, spheri-
cal ball, in accordance with an embodiment;

FIG. 3B is a block diagram illustrating an exploded view of
an example self-propelled device;

FIGS. 4A-4D illustrate an example of a spinning or rolling
self-propelled device that includes components for magneti-
cally coupling with an external accessory device, according
to some embodiments;
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FIG. 5A and FIG. 5B illustrate a self-propelled device in
motion while magnetically coupled to an accessory device,
according to one or more embodiments;

FIG. 6 illustrates an example of a spherical self-propelled
device, and shows a schematic illustrating the components of
the example spherical self-propelled device;

FIG. 7A is a cross-sectional side view of an example self-
propelled device including an independent internal structure
and a structure for magnetic coupling to an accessory device;

FIG. 7B is a cross-sectional front view of an example
self-propelled device including a biasing assembly and a
structure for magnetic coupling to an accessory device;

FIG. 8 is a cross-sectional view of an example self-pro-
pelled device including a magnetic array;

FIGS. 9A-9B illustrate example turn states of the self-
propelled device under operative control by a controller
device; and

FIG. 10 is an example block diagram that illustrates a
computer system upon which examples described may be
implemented.

DETAILED DESCRIPTION

A self-propelled device is provided that includes a spheri-
cal housing and an internal drive system including one or
more motors coupled to one or more wheels engaged to an
inner surface of the spherical housing. A biasing assembly,
including a number of biasing elements to contact an inner
surface of the spherical housing, is coupled to the internal
drive system to force the wheels to continuously engage the
inner surface to allow for power to the motors to be trans-
ferred to the inner surface of the spherical housing, causing
the self-propelled device to roll and maneuver along a sur-
face. The self-propelled device can rotate based on a combi-
nation of movement of its center of mass, independent power
to the motors, and the force of the biasing elements against the
inner surface. Magnetically interactive components or ele-
ments may be included within the spherical housing. The
magnetically interactive components or elements can be com-
prised of ferrous metal or permanent magnets, such as neody-
mium magnets, to provide a magnetic field through the
spherical housing to magnetically interact with an external
accessory.

In some examples, the spherical housing of the self-pro-
pelled device is caused to roll and maneuver while the exter-
nal accessory remains under magnetic interaction with the
magnetically interactive components within the spherical
housing, coupling the external accessory to the spherical
housing. The accessory device can remain within a constant
relative portion or area on the exterior surface of the spherical
housing (e.g., atop portion) as the self-propelled device rolls.

The self-propelled device, the external accessory, or both
can include any number of magnets (e.g., neodymium mag-
nets) to produce a magnetic interaction sufficient to maintain
the magnetic coupling. Such interaction may involve a mag-
netic attraction in which contact occurs between the external
accessory and the outer surface of the spherical housing. In
such examples, friction may be reduced by coating the outer
surface of the spherical housing and/or a contact surface of
the external accessory with a substantially frictionless mate-
rial. The external accessory can include a contact portion
composed of a slider bearing, wheel bearings, or one or more
wheels that engage the exterior surface of the spherical hous-
ing.

Additionally or alternatively, the magnetic interaction may
involve a repulsive force including a stability mechanism
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(e.g., one or more further magnets) to create stable magnetic
levitation between the external accessory and the spherical
housing.

Throughout this disclosure, the term “substantially” may
be used in varying context for purpose of expressly introduc-
ing a qualitative approximation to a statement. In many con-
texts, the term can be interpreted to mean at least 75% of a
stated quantity, comparison, or measurement. In the context
of an angular measurement, the term “substantially” means
between zero degrees and less than 90 degrees of angular
rotation relative to a referenced structure within the spherical
housing when the self-propelled device is in motion. Accord-
ingly, the term may be used in context as, for example, “sub-
stantially” stable, a “substantially” constant angle, “substan-
tially” at a particular position on a rolling or stationary sphere,
or “substantially” perpendicular with respect to an underlying
surface on which the self-propelled device rolls. In such con-
texts, “substantially” can mean less than a 90 degree differ-
ential with respect to a vertical (or perpendicular) reference
axis to the underlying surface, and typically less than 45
degrees, with respect to the vertical axis, while the self-
propelled device is in a non-accelerated state. Thus, for
example, as the self-propelled device is operated, the external
accessory can remain within magnetic interaction with mag-
netically interactive elements within the spherical housing
and residing on or within substantially vertically oriented
components. As further used herein, “substantially” in the
context of friction between the outer surface of the spherical
housing and the contact surface of the external accessory
device, means a below normal frictional relation between two
typical smooth surfaces (e.g., polished metal or wood sur-
faces). Thus, a “substantially” frictionless material means a
material designed or manufactured for reduced friction such
as a TEFLON® or a DELRIN® coating.

One or more examples described herein provide that meth-
ods, techniques, and actions performed by a computing
device are performed programmatically, or as a computer-
implemented method. Programmatically, as used herein,
means through the use of code or computer-executable
instructions. These instructions can be stored in one or more
memory resources of the computing device. A programmati-
cally performed step may or may not be automatic.

One or more examples described herein can be imple-
mented using programmatic modules or components of a
system. A programmatic module or component can include a
program, a sub-routine, a portion of a program, or a software
component or a hardware component capable of performing
one or more stated tasks or functions. As used herein, a
module or component can exist on a hardware component
independently of other modules or components. Alterna-
tively, a module or component can be a shared element or
process of other modules, programs or machines.

Some examples described herein can generally require the
use of computing devices, including processing and memory
resources. For example, one or more examples described
herein can be implemented, in whole or in part, on computing
devices such as digital cameras, digital camcorders, desktop
computers, cellular or smart phones, personal digital assis-
tants (PDAs), laptop computers, printers, digital picture
frames, and tablet devices. Memory, processing, and network
resources may all be used in connection with the establish-
ment, use, or performance of any example described herein
(including with the performance of any method or with the
implementation of any system).

Furthermore, one or more examples described herein may
be implemented through the use of instructions that are
executable by one or more processors. These instructions
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may be carried on a computer-readable medium. Machines
shown or described with figures below provide examples of
processing resources and computer-readable mediums on
which instructions for implementing examples can be carried
and/or executed. In particular, the numerous machines shown
with examples include processor(s) and various forms of
memory for holding data and instructions. Examples of com-
puter-readable mediums include permanent memory storage
devices, such as hard drives on personal computers or servers.
Other examples of computer storage mediums include por-
table storage units, such as CD or DVD units, flash memory
(such as carried on smart phones, multifunctional devices or
tablets), and magnetic memory. Computers, terminals, net-
work enabled devices (e.g., mobile devices, such as cell
phones) are all examples of machines and devices that utilize
processors, memory, and instructions stored on computer-
readable mediums. Additionally, examples may be imple-
mented in the form of computer-programs, or a non-transitory
computer usable carrier medium capable of carrying such a
program.

System Description

Referring now to the drawings, FIG. 1 is an example block
diagram illustrating a system to control operation of a self-
propelled device 100. The self-propelled device 100 can be
operated to move under control of another device, such as a
computing device operated by a user. The self-propelled
device 100 can be configured with resources that enable one
or more of the following: (i) maintain self-awareness of ori-
entation and/or position relative to an initial reference frame
after the device initiates movement; (ii) process control input
programmatically, so as to enable a diverse range of program-
specific responses to different control inputs; (iii) enable
another device to control its movement using software or
programming logic that is communicative with programming
logic on the self-propelled device; and/or (iv) generate an
output response for its movement and state that it is software
interpretable by the control device.

The self-propelled device 100 can include several intercon-
nected subsystems and modules. A processor 114 can execute
programmatic instructions from a program memory 104. The
instructions stored in the program memory 104 can be
changed, for example to add features, correct flaws, or modify
behavior. In some variations, the program memory 104 stores
programming instructions that are communicative or other-
wise operable with software executing on a linked controller
device. The processor 114 is configured to execute different
programs of programming instructions, in order to alter the
manner in which the self-propelled device 100 interprets or
otherwise responds to command input (“commands”) from
different sources. As described herein, the self-propelled
device 100 may have multiple modes of operation, including
the self-propelled device 100 being controlled by a comput-
ing device providing commands, the self-propelled device
100 being a controller for another device, and/or the self-
propelled device 100 being partially or wholly self-con-
trolled.

In some examples, the self-propelled device 100 can share
a computing platform with a computing device on which
programming logic is shared, in order to: (i) enable the user to
operate the computing device to generate multiple kinds of
input, including simple directional input, command input,
gesture input, motion or other sensory input, voice input or
combinations thereof to operate the self-propelled device
100; (ii) enable the self-propelled device 100 to interpret
input received from the computing device as a command or
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set of commands; and/or (iii) enable the self-propelled device
100 to communicate data regarding the self-propelled
device’s position, movement, and/or state in order to effect a
state on the computing device (e.g., a display state to include
content corresponding to a controller-user interface). In
variations, the self-propelled device 100 can further provide a
programmatic interface (e.g., on a display 118) that facilitates
additional programming logic and/or instructions to operate
the self-propelled device 100. The computing device can
execute programming that is communicative with the pro-
gramming logic on the self-propelled device 100.

A wireless communication port 110, in conjunction with a
communication transducer 102, serves to exchange data
between the processor 114 and other external devices. The
data exchanges, for example, provide communications, con-
trol, logical instructions, state information, and/orupdates for
the program memory 104. The processor 114 can generate
output corresponding to state and/or position information,
communicated to the controller device via the wireless com-
munication port 110. The mobility of the self-propelled
device 100 may make wired connections undesirable. Thus,
the term “connection” may be understood to mean a logical
connection, such as a wireless link (e.g., BLUETOOTH),
made without a physical connection to self-propelled device
100.

In variations, the wireless communication port 110 imple-
ments the BLUETOOTH communications protocol and the
transducer 102 is an antenna suitable for transmission and
reception of BLUETOOTH radio signals. Other wireless
communication mediums and protocols may also be used in
alternative implementations.

Sensors 112 can provide information about the surround-
ing environment and condition to the processor 114. In some
variations, the sensors 112 include inertial measurement
devices, including a three-axis gyroscope, a three-axis accel-
erometer, and/or a three-axis magnetometer. According to
some variations, the sensors 112 provide input to enable the
processor 114 to maintain awareness of the device’s orienta-
tion and/or position relative to an initial reference frame after
the device initiates movement. In various examples, the sen-
sors 112 include instruments for detecting light, temperature,
humidity, and/or measuring chemical concentrations or
radioactivity.

State/variable memory 106 stores information about the
present state of the system, including, for example, position,
orientation, rates of rotation and translation about each axis.
The state/variable memory 106 also stores information cor-
responding to an initial reference frame of the device upon,
for example, the device 100 being put in use (e.g., the device
100 being switched on), as well as position and orientation
information once the device 100 is in use. In this way, some
embodiments provide for the device 100 to utilize informa-
tion of the state/variable memory 106 in order to maintain
position and orientation information of the device 100 once
the device 100 starts moving.

A clock 108 provides timing information to the processor
114. In one example, the clock 108 provides a time-base for
measuring intervals and rates of change. In similar examples,
the clock 108 provides day, date, year, time, and alarm func-
tions. The clock 108 can allow the self-propelled device 100
to provide an alarm or alert at pre-set times.

An expansion port 120 provides a connection for addition
of'accessories or devices. The expansion port 120 can provide
for future expansion, as well as flexibility to add options or
enhancements. For example, the expansion port 120 can be
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used to add peripherals, sensors, processing hardware, stor-
age, displays, or actuators to the basic self-propelled device
100.

In variations, the expansion port 120 provides an interface
capable of communicating with a suitably configured com-
ponent using analog or digital signals. Thus, the expansion
port 120 can provide electrical interfaces and protocols that
are standard or well-known. Furthermore, the expansion port
120 implements an optical interface. Example interfaces
appropriate for expansion port 120 include the Universal
Serial Bus (USB), Inter-Integrated Circuit Bus (12C), Serial
Peripheral Interface (SPI), or ETHERNET.

A display 118 may be included to present information to
outside devices or persons. The display 118 can present infor-
mation in a variety of forms. In variations, display 118 can
produce light in colors and patterns, sound, vibration, music,
or combinations of sensory stimuli. In one embodiment, the
display 118 operates in conjunction with actuators 126 to
communicate information by physical movements of device
100. For example, the device 100 can be made to emulate a
human head nod or shake to communicate “yes” or “no.”

Invariations, the display 118 is an emitter of light, either in
the visible or invisible range. Invisible light in the infrared or
ultraviolet range may be useful, for example to send informa-
tion invisible to human senses but available to specialized
detectors. In some examples, the display 118 includes an
array of Light Emitting Diodes (LEDs) emitting various light
frequencies, arranged such that their relative intensity is vari-
able and the light emitted is blended to form color mixtures.

In variations, the display 118 includes an LED array com-
prising several LEDs, each emitting a human-visible primary
color. The processor 114 can vary the relative intensity of
each of the LEDs to produce a wide range of colors. Primary
colors of light are those in which a few colors can be blended
in different amounts to produce a wide gamut of apparent
colors. Many sets of primary colors are known, including for
example red/green/blue, red/green/blue/white, and red/
green/blue/amber. For example, red, green and blue LEDs
together can comprise a usable set of three available primary-
color devices comprising the display 118. In other examples,
other sets of primary colors and white LEDs can be used. The
display 118 can further include an LED used to indicate a
reference point on the device 100 for alignment.

Power 124 stores energy for operating the electronics and
electromechanical components of the device 100. In some
examples, power 124 is a rechargeable battery. Furthermore,
an inductive charge port 128 can allow for recharging power
124 without a wired electrical connection. In variations, the
inductive charge port 128 can accept magnetic energy and
convert it to electrical energy to recharge the batteries. The
charge port 128 can provide a wireless communication inter-
face with an external charging device.

A deep sleep sensor 122 can be included to place the
self-propelled device 100 into a very low power or “deep
sleep” mode where most of the electronic devices use no
battery power. This may be useful for long-term storage or
shipping.

In variations, the deep sleep sensor 122 is non-contact in
that it senses through the housing of device 100 without a
wired connection. The deep sleep sensor 122 may be a Hall
Effect sensor mounted so that an external magnet can be
applied at a pre-determined location on device 100 to activate
the deep sleep mode.

Actuators 126 may be included to convert electrical energy
into mechanical energy for various uses. A primary use of the
actuators 126 is to propel and steer self-propelled device 100
over an underlying surface. Movement and steering actuators
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are also referred to as a drive system or traction system. The
drive system moves device 100 in rotation and translation,
under control of the processor 114. Examples of actuators 126
include, without limitation, wheels, motors, solenoids, pro-
pellers, paddle wheels, and pendulums.

The drive system actuators 126 can include two parallel
wheels, each mounted to an axle connected to an indepen-
dently variable-speed motor through a reduction gear system.
Thus, the speeds of the two drive motors can be controlled by
the processor 114.

However, it should be appreciated that the actuators 126
can produce a variety of movements in addition to merely
rotating and translating the self-propelled device 100. Thus,
in some variations, the actuators 126 cause the device 100 to
execute communicative or emotionally evocative move-
ments, including emulation of human gestures, for example,
head nodding, shaking, trembling, spinning, or flipping. In
some variations, the processor 114 coordinates the actuators
126 with the display 118. For example, the processor 114 can
provide signals to the actuators 126 and the display 118 to
cause the device 100 to spin or tremble and simultaneously
emit patterns of colored light. Thus, the device 100 can emit
light and/or sound patterns synchronized with movements.

In further variations, the self-propelled device 100 can be
used as a controller for other network-connected devices. The
device 100 can contain sensors and wireless communication
capability, and so it can perform a controller role for other
devices. For example, the self-propelled device 100 can be
held in the hand and used to sense gestures, movements,
rotations, combination inputs, and the like.

In some implementations, self-propelled device 100 is
wholly autonomous, meaning the movement of the device
100 is determined from resources that reside on the device
100, either without or independent of input signals from
another device acting as a controller. In other implementa-
tions, the self-propelled device 100 can operate under various
levels of control provided by another device, such as provided
by some examples described below with respect to FIGS.
2A-2C. Still further, the self-propelled device 100 can operate
in either an autonomous mode, a partially autonomous mode,
or a controlled mode.

FIG. 2A is a schematic depiction of a self-propelled device
and a computing device, under an embodiment. More specifi-
cally, a self-propelled device 214 is controlled in its move-
ment by programming logic and/or controls that can originate
from a controller device 208. The self-propelled device 214 is
capable of movement under control of the computing device
208, which can be operated by a user 202. The computing
device 208 can wirelessly communicate control data to the
self-propelled device 214 using a standard or proprietary
wireless communication protocol. In variations, the self-pro-
pelled device 214 may be at least partially self-controlled,
utilizing sensors and internal programming logic to control
the parameters of its movement (e.g., velocity, direction, etc.).
Still further, the self-propelled device 214 can communicate
data relating to the self-propelled device’s position and/or
movement parameters for the purpose of generating or alter-
nating content on the computing device 208. In additional
variations, the self-propelled device 214 can control aspects
of'the computing device 208 by way of its movements and/or
internal programming logic.

As described herein, the self-propelled device 214 may
have multiple modes of operation, including the self-pro-
pelled device 214 being controlled by the computing device
208, the self-propelled device 214 being a controller for
another device (e.g., another self-propelled device or the
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computing device 208), and/or the self-propelled device 100
being partially or wholly autonomous.

In some examples, the self-propelled device 214 and the
computing device 208 can share a computing platform on
which programming logic is shared, in order to: (i) enable the
user 202 to operate the computing device 208 to generate
multiple kinds of input, including simple directional input,
command input, gesture input, motion or other sensory input,
voice input, or combinations thereof to operate the self-pro-
pelled device 214; (ii) enable the self-propelled device 214 to
interpret input received from the computing device 208 as a
command or set of commands; and/or (iii) enable the self-
propelled device 214 to communicate data regarding the self-
propelled device’s position, movement, and/or state in order
to effect a state on the computing device 208 (e.g., a display
state to include content corresponding to a controller-user
interface). The self-propelled device 214 can further include
a programmatic interface that facilitates additional program-
ming logic and/or instructions to use the self-propelled device
214. The computing device 208 can execute programming
that is communicative with the programming logic on the
self-propelled device 214.

According to embodiments, the self-propelled device 214
includes an actuator or drive mechanism causing motion or
directional movement. The self-propelled device 214 may be
referred to by a number of related terms and phrases, includ-
ing controlled device, robot, robotic device, remote device,
autonomous device, and remote-controlled device. In some
embodiments, the self-propelled device 214 can be structured
to move and be controlled in various media. For example, the
self-propelled device 214 can be configured for movement in
media such as flat surfaces, sandy surfaces, or rocky surfaces.

The self-propelled device 214 may be implemented in
various forms. As described with some examples below, the
self-propelled device 214 may correspond to a spherical
object that can roll and/or perform other movements, such as
spinning. In other variations, the self-propelled device 214
can include a cylindrical housing which rotates while the
self-propelled device 214 moves. The cylindrical housing can
rotate directly on an underlying surface in order to move or
translate in a given direction. Alternatively, the cylindrical
housing can include external wheels and/or drive system
components which move the cylindrical housing, with the
cylindrical housing spinning by way of its momentum and
free connection to the external drive system, or by way of the
cylindrical housing’s connection to wheels or other spinning
components of the drive system. Still further, the self-pro-
pelled device 214 can include housings of other shapes in
which the housing rolls or spins. Still further, in other varia-
tions, the self-propelled device 214 can include an external
accessory that is magnetically coupled to magnetically inter-
active elements (e.g., metals or magnets) within the housing.
The housing of the self-propelled device can include one or
more structural elements which maintain a position of a mag-
netically interactive element within the housing. Still further,
the device 214 can correspond to a radio-controlled aircraft,
such as an airplane, helicopter, hovercraft, or balloon. In other
variations, device 214 can correspond to a radio controlled
watercraft, such as a boat or submarine. Numerous other
variations may also be implemented, such as those in which
the device 214 is a robot. In one embodiment, device 214
includes a sealed hollow envelope, roughly spherical in
shape, capable of directional movement by action of actuators
inside the enclosing envelope.

Continuing to refer to FIG. 2A, the self-propelled device
214 is configured to communicate with the computing device
208 using network communication links 210 and 212. Link
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210 transfers data from the computing device 208 to the
self-propelled device 214. Link 212 transfers data from the
self-propelled device 214 to the computing device 208. Links
210 and 212 are shown as separate unidirectional links for
illustration. In some embodiments, a single bi-directional
communication link performs communication in both direc-
tions. It should be appreciated that link 210 and link 212 are
notnecessarily identical in type, bandwidth, or capability. For
example, communication link 210 from the computing device
208 to the self-propelled device 214 is often capable of a
higher communication rate and bandwidth compared to link
212. In some situations, only one link 210 or 212 is estab-
lished. In such an embodiment, communication is unidirec-
tional.

The computing device 208 can correspond to any device
comprising at least a processor and communication capability
suitable for establishing at least uni-directional communica-
tions with the self-propelled device 214. Examples of such
devices include, without limitation: mobile computing
devices (e.g., multifunctional messaging/voice communica-
tion devices such as smart phones), tablet computers, portable
communication devices, and personal computers. In one
embodiment, the computing device 208 is an [IPHONE avail-
able from APPLE COMPUTER, INC. of Cupertino, Calif. In
another embodiment, the computing device 208 is an IPAD
tablet computer, also from APPLE COMPUTER. In another
embodiment, the computing device 208 is any of the handheld
computing and communication appliances executing the
ANDROID operating system from GOOGLE, INC.

In another embodiment, the computing device 208 is a
personal computer, in either a laptop or desktop configura-
tion. For example, the computing device 208 can be a mufti-
purpose computing platform running the MICROSOFT
WINDOWS operating system, or the LINUX operating sys-
tem, or the APPLE OS/X operating system, configured with
an appropriate application program to communicate with the
self-propelled device 214.

In variations, the computing device 208 can be a special-
ized device, dedicated for enabling the user 202 to control and
interact with the self-propelled device 214.

In one embodiment, multiple types of computing device
208 can be used interchangeably to communicate with the
self-propelled device 214. In one embodiment, the self-pro-
pelled device 214 is capable of communicating and/or being
controlled by multiple devices (e.g., concurrently or one at a
time). For example, the self-propelled device 214 can link
with an IPHONE in one session and with an ANDROID
device in a later session, without modification of the self-
propelled device 214.

According to embodiments, the user 202 can interact with
the self-propelled device 214 via the computing device 208,
in order to control the self-propelled device 214 and/or to
receive feedback or interaction on the computing device 208
from the self-propelled device 214. According to embodi-
ments, the user 202 is enabled to specify input 204 through
various mechanisms that are provided with the computing
device 208. Examples of such inputs include text entry, voice
commands, touching a sensing surface or screen, physical
manipulations, gestures, taps, shaking, and combinations of
the above.

The user 202 may interact with the computing device 208
in order to receive feedback 206. The feedback 206 may be
generated on the computing device 208 in response to user
input. As an alternative or addition, the feedback 206 may
also be based on data communicated from the self-propelled
device 214 to the computing device 208 regarding, for
example, the self-propelled device’s position or state. With-
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out limitation, examples of feedback 206 include text display,
graphical display, sound, music, tonal patterns, modulation of
color or intensity of light, haptic, vibrational, or tactile stimu-
lation. The feedback 206 may be combined with content that
is generated on the computing device 208. For example, the
computing device 208 may output content that is modified to
reflect position or state information communicated from the
self-propelled device 214.

In some embodiments, the computing device 208 and/or
the self-propelled device 214 are configured such that user
input 204 and feedback 206 maximize usability and accessi-
bility for a user 202 who has limited sensing, thinking, per-
ception, motor or other abilities. This allows users with handi-
caps or special needs to operate system 200 as described.

Itshould be appreciated that the configuration illustrated in
the embodiment of FIG. 2A is only one of an almost unlimited
number of possible configurations of networks including a
self-propelled device with communication connections. Fur-
thermore, while numerous embodiments described herein
provide for a user to operate or otherwise directly interface
with the computing device in order to control and/or interact
with a self-propelled device, variations to embodiments
described encompass enabling the user to directly control or
interact with the self-propelled device 214 without use of an
intermediary device, such as the computing device 208.

FIG. 2B depicts a system 218 comprising computing
devices and self-propelled devices, according to another
embodiment. In the example provided by FIG. 2B, system
218 includes two computing devices 220 and 228, four self-
propelled devices 224, 232, 236, and 238, and communica-
tion links 222, 226, 230, 234, and 239. The communication of
computing device 220 with self-propelled device 224 using
link 222 is similar to the embodiment depicted in network 200
of FIG. 2A; however, embodiments such as those shown
enable additional communication to be established between
two computing devices 220 and 228, via network link 226.

According to an embodiment such as provided with system
218, the computing devices 220, 228 may optionally control
more than one self-propelled device. Furthermore, each self-
propelled device 224, 232, 236, 238 may be controlled by
more than one computing device 220, 228. For example,
embodiments provide that computing device 228 can estab-
lish multiple communications links, including with self-pro-
pelled devices 232 and 236, and computing device 220.

In variations, the computing devices 220, 228 can also
communicate with one or more self-propelled devices using a
network such as the Internet, or a local wireless network (e.g.,
a home network). For example, the computing device 228 is
shown to have acommunications link 239, which can connect
the computing device to an Internet server, a web site, or to
another computing device at a remote location. In some
embodiments, the computing device 228 can serve as an
intermediary between the network source and a self-pro-
pelled device. For example, the computing device 228 may
access programming from the Internet and communicate that
programming to one of the self-propelled devices.

As an alternative or variation, the computing device 228
can enable a network user to control the computing device
228 in controlling one or more of the self-propelled devices
232, 236, etc. Still further, the computing device 228 can
access the network source in order to receive programmati-
cally triggered commands, such as a command initiated from
a network service that causes one or more of the self-pro-
pelled devices to update or synchronize using the computing
device 228. For example, the self-propelled device 232 may
include image capturing resources, and a network source may
trigger the computing device 228 to access the images from
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the self-propelled device, and/or to communicate those
images to the network source over the Internet.

In variations, such remote network functionality may alter-
natively be communicated directly from a network source to
the self-propelled devices 224, 232, 236. Thus, computing
devices 220, 228 may be optional. Alternatively, computing
devices 220, 228 may be separated from the self-propelled
devices 224,232, 236 by a network such as the Internet. Thus,
computing devices 220, 228 can alternatively be the network
source that remotely controls and/or communicates with the
self-propelled devices.

It should be noted that the data communication links 210,
212,222,226,230,234, 239,242,246, 248, and 252 in FIGS.
2A, 2B, and 2C are depicted as short and direct for purposes
of illustration. However, actual links may be much more
varied and complex. For example, link 226 connecting two
computing devices 220 and 228 may be a low-power wireless
link, if devices 220 and 228 are in close proximity. However,
computing devices 220 and 228 may be far apart (e.g., sepa-
rated by miles or geography), so long as suitable network
communication can be established.

Thus, link 226 and all of the links 222, 230, 234, and 239
can employ a variety of network technologies, including the
Internet, World Wide Web, wireless links, wireless radio-
frequency communications utilizing network protocol, opti-
cal links, or any available network communication technol-
ogy. The final connection to self-propelled devices 224, 232,
236, and 238 is preferably wireless so connecting wires do not
restrict mobility.

In one embodiment, the communication links 222, 226,
230, and 234 are based on the wireless communication stan-
dard for data exchange known as BLUETOOTH. BLUE-
TOOTH is widely available and provides a flexible commu-
nication framework for establishing data networks using
short-wavelength radio transceivers and data encoding.
BLUETOOTH incorporates security features to protect the
data sent on the links from unauthorized observers or inter-
ference. Alternative wireless communication media may also
be employed, such as wireless USB, Wi-Fi, or proprietary
wireless communications. In variations, one or more of the
communication links to 222, 226, 230, and 234 can utilize
short-range radiofrequency (RF) communication, and/or
line-of-sight communications.

In various other embodiments, the communication links
are based on other wireless communication systems. Various
radio frequency data communication systems are available,
including for example those known as WI-FI, IEEE 802.11a,
TEEE 802.11b, IEEE 802.11g, or IEEE 802.11n. Other radio
frequency data links are formed using cellular telephone ser-
vices or serial communication protocols using radio modems.
In other embodiments, optical communication links are
employed, including modulating properties of light and
LASER beams.

Any suitable communication technology can be used to
form the network links, whether presently known or available
in the future. The features described herein are not dependent
on any particular networking technology or standard.

In some embodiments, the communications established
amongst the devices, such as amongst computing devices
220, 228 and/or self-propelled devices 224, 232, 236, can be
temporary, flexible and reconfigurable. A resulting network
of such devices can be considered an “ad-hoc” network, or
alternatively a “piconet,” or “personal area network.” In this
respect, some implementations provide that the computing
devices 220, 228 and the self-propelled devices 224, 232,236
can be considered nodes of the network, such as an ad-hoc
network. In such configurations, network components, topol-
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ogy, and communications paths are flexible and can be readily
adjusted to accommodate addition or removal of devices,
changing communication requirements or channel interfer-
ence. For example, the self-propelled device 238 in FIG. 2B is
shown with no present network connection. However, the
self-propelled device 238 has connected to the system 218 in
the past and received instructions to enable it to operate with-
out a persistent network link.

FIG. 2C is a schematic that illustrates a system 268 com-
prising a computing device and multiple self-propelled
devices, under another embodiment. A computing device 240
is operable to communicate with one or more self-propelled
devices 244, 250, 254. The computing device 240 may com-
municate commands or other control data, and receive feed-
back similar to embodiments described above. The self-pro-
pelled devices 244, 250, 254 are configured to communicate
and/or be controlled by the computing device 240. Addition-
ally, the self-propelled devices 244, 250, 254 are configured
to communicate and/or control one another.

In the example shown by FIG. 2C, the computing device
240 communicates with self-propelled device 244 using com-
munications link 242. Self-propelled device 244 communi-
cates with self-propelled device 250 using link 246 and with
self-propelled device 254 using link 248. Self-propelled
devices 250 and 254 communicate using link 252. The com-
puting device 250 can send data to self-propelled devices 250
or 254 using device 244 as a relay. Alternatively, the comput-
ing device 240 can communicate with the other self-propelled
devices 250, 254 directly.

The system 268 may include various configurations. For
example, a user may operate computing device 240 to control
self-propelled device 244. Movement of the self-propelled
device 244 may be communicated both to the computing
device 240 and to one or more of the other self-propelled
devices 250, 254. Each of the self-propelled devices may be
preprogrammed to react in a specific manner based on state or
position information communicated from another one of the
self-propelled devices. For example, self-propelled devices
244, 250 may each be operated in a repel mode, so that the
movement of self-propelled device 244 (as controlled from
computing device 240) results in a repel motion by the self-
propelled device 250. In other variations, self-propelled
devices 244, 250, 254 may be preprogrammed to maintain a
specific distance apart from one another, so that movement by
one device automatically causes movement by the other two
devices. Still further, the devices 244, 250, 254 may be con-
figured so as to perform a variety of activities, such as, for
example, (1) one self-propelled device automatically moving
when another approaches a threshold distance; (ii) one self-
propelled device programmatically moving to bump another
self-propelled device; (iii) the self-propelled devices auto-
matically moving in tandem based on input received by each
of the self-propelled devices from the other self-propelled
devices or from the computing device 240, and/or variations
thereof.

The various systems 200, 218, 238 are illustrative of
embodiments provided herein. With any of the systems
described, variations include the addition of more or fewer
computing devices, and/or more or fewer self-propelled
devices. As described with some wvariations, additional
sources or nodes can be provided from a remote network
source. Additionally, in some operational environments, the
presence of the computing device is optional. For example,
the self-propelled devices can be partially or completely
autonomous, using programming logic to function.

Self-Propelled Device Examples

FIG. 3A is a block diagram illustrating the components of
a self-propelled device 300 that is in the form of a robotic,
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spherical ball, in accordance with an embodiment. In one
embodiment, the self-propelled device 300 is of a size and
weight allowing it to be easily grasped, lifted, and carried in
an adult human hand.

As shown, the self-propelled device 300 includes a spheri-
cal housing 302 with an outer surface that makes contact with
an external surface as the device 300 rolls. In addition, the
self-propelled device 300 includes an inner surface 304 of the
housing 302. Additionally, the self-propelled device 300
includes several mechanical and electronic components
enclosed by the housing 302.

In the described embodiment, the housing 302 is composed
of'a material that transmits signals used for wireless commu-
nication, yet is impervious to moisture and dirt. The housing
material can be durable, washable, and/or shatter resistant.
The housing 302 may also be structured to enable transmis-
sion of light and is textured to diffuse the light.

In one embodiment, the housing 302 is made of sealed
polycarbonate plastic. In one embodiment, the housing 302 or
the inner surface 304 is textured to diffuse light. In one
embodiment, the housing 302 comprises two hemispherical
shells with an associated attachment mechanism, such that
the housing 302 can be opened to allow access to the internal
electronic and mechanical components.

Several electronic and mechanical components are located
inside the housing 302 for enabling processing, wireless com-
munication, propulsion, and other functions. In an example,
the components include a drive system 301 to enable the
device 300 to propel itself. The drive system 301 can be
coupled to processing resources and other control mecha-
nisms, as described with other embodiments. Referring again
to FIG. 3, a carrier 314 serves as the attachment point and
support for the internal components of the self-propelled
device 300. The components of the self-propelled device 300
are not rigidly attached to the housing 302. Instead, the drive
system 310 is in frictional contact with the inner surface 304
at selected points, and is movable within the housing 302 by
the action of actuators of the drive system 301.

The carrier 314 is in mechanical and electrical contact with
energy storage 316. Energy storage 316 provides a reservoir
of energy to power the device 300 and electronics and is
replenished through inductive charge port 326. Energy stor-
age 316, in one embodiment, is a rechargeable battery. In one
embodiment, the energy storage 316 is a battery, such as one
composed of lithium-polymer cells. In other embodiments,
the energy storage 316 can be other types of rechargeable
batteries.

The carrier 314 can provide the mounting location for most
of the internal components, including printed circuit boards
for electronic assemblies, sensor arrays, antennas, and con-
nectors, as well as providing a mechanical attachment point
for internal components.

In one embodiment, the drive system 301 includes motors
322, 324 and wheels 318, 320. The motors 322 and 324
connect to the wheels 318 and 320, respectively, each through
an associated shaft, axle, and gear drive (not shown). The
perimeter of the wheels 318 and 320 are two locations where
the drive system 301 is in mechanical contact with the inner
surface 304. The locations where the wheels 318 and 320
contact the inner surface 304 may be an essential part of the
drive mechanism of the self-propelled device 300, and so the
wheels 318 and 320 may be coated or covered with a material
to increase friction and reduce slippage. For example, the
wheels 318 and 320 may be covered with silicone rubber tires.

In some embodiments, a biasing mechanism is provided to
actively force the wheels 318 and 320 against the inner sur-
face 304. In an example, a spring 312 and a springend 310 can
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comprise the biasing mechanism. More specifically, the
spring 312 and the spring end 310 are positioned to contact
the inner surface 304 at a point diametrically opposed to the
wheels 318 and 320. The spring 312 and the spring end 310
provide additional contact force to reduce slippage of the
wheels 318 and 320, particularly in situations where the drive
system 301 is not positioned with the wheels 318 and 320 at
the bottom and where gravity does not provide adequate force
to prevent the drive wheels 318 and 320 from slipping. The
spring 312 is selected to provide a force pushing the wheels
318 and 320 and the spring end 310 evenly against the inner
surface 304.

The spring end 310 can be designed to provide near-fric-
tionless contact with the inner surface 304. In one embodi-
ment, the spring end 310 comprises a rounded surface con-
figured to mirror a low-friction contact region at all of its
contact points with the inner surface 304. Additional mecha-
nisms of providing near-frictionless contact may be provided.
In another implementation, the rounded surface may include
one or more bearings to further reduce friction at the contact
point where end 310 moves along inner surface 304.

FIG. 3B is ablock diagram illustrating an exploded view of
an example of a cylindrical self-propelled device 350. In an
example of FIG. 3B, a drive system 305 includes a left motor
352 and a right motor 354 with respective axles, one or more
power units 370, a carrier 384, a circuit board 366 with any
number of electronic components, and a receiver 368 which
can be configured or included as any variety of wireless
communication standards and/or technologies.

Referring to FIG. 3B, the above features are included
within a body 364 of the self-propelled device 350. Further-
more, any combination of the above features can be config-
ured to be rigid to the body 364. For example, the carrier 384
can be mounted or otherwise attached to an inner portion of
the body 364. Alternatively, any number of interior compo-
nents of the self-propelled device 350 can be coupled to the
inner portion of the body 364. Accordingly, due to the interior
components being rigid to the body 364, the body 364 can
rotate in conjunction with the rotational pitch of the drive
system 305 when the self-propelled device 350 is being
maneuvered.

The body 364 is substantially cylindrical in shape and can
include any number of designs and features. For example, the
body can be at least partially transparent such that light from
an internal light emitting component disposed within the
body is apparent from outside of the device 350. The internal
light emitting component can be any type of illuminating
element, such as one or more light-emitting diodes (LEDs) or
one or more LED arrays. The illuminating element can be
affixed to the carrier 384, or any other interior component of
the self-propelled device 350. As an addition or alternative,
the body 364 can be comprised of sealed polycarbonate plas-
tic or other composite that can be textured to diffuse light
from the internal illuminating element.

Furthermore, the body 364 may be composed of a material
that allows for transmission of signals used for wireless com-
munication. Still further, an outer surface of the body 364 can
be comprised of a material that is substantially impervious to
moisture and every day wear and tear. The body 364 can be
detachable from the self-propelled device 350 to allow for
access to the interior components, and may further be
durable, washable, and/or shatter resistant.

As an addition or alternative, the body 364 can include
fastening or attachment points to allow for removable acces-
sories to be attached to the exterior of the body 364. As
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discussed in further detail below, these accessories may
include, for example, an attachable head lamp or a trailer
attachment.

As shown in FIG. 3B for illustrative purposes, the gear 360
for a particular wheel 358 can be molded or formed at least
partially within an interior portion of a wheel, such as illus-
trated by wheel 358. Alternatively, the gear 360 can be
included as a portion of a power train in which the motor 354
is coupled to an axle 362 and gear 360 combination. Accord-
ingly, the axle 362 and gear 360 combination may then be
fitted to the wheel 358. Alternatively, an axle and gear com-
bination can be formed at least partially within an interior
portion of a wheel.

Still further, a wheel hub 386 can be (i) formed at least
partially within an outer portion of a respective wheel (not
shown), (ii) formed in combination with a gear within an
inner radius of a wheel (also not shown), or (iii) part of the
power train attached to the gear 360 and axle 362. In the latter
example, the wheel hub 386 can be a part of or coupled to the
axle 362, and can further be configured to protrude from the
outer portion of the wheel 358. The self-propelled device 350
can further incorporate removable hub covers 372, 374 that
can be readily attached and detached from the wheel hubs
386. The hub covers 372, 374 may come in a variety of
different colors and/or styles accordingly to a user’s prefer-
ence. Alternatively, the hub covers 372, 374 can be affixed
semi-permanently to the wheel hubs 386. The hub covers 372,
374 may be made from a hard or soft plastic, plastic/rubber
composite or compound, metal, or any other suitable mate-
rial.

The wheels 356, 358 can allow for wheel coverings 376,
378 (e.g., tires) to be fitted over them. The wheel coverings
376, 378 can be removable and be formed of a soft rubber
compound. However, the wheel coverings 376, 378 are not
limited to soft rubber, and may be made of any compound.
The wheel coverings 376, 378 may include any number of
tread patterns for specialized or simply stylistic purposes. The
wheel coverings 376, 378 can also come in a variety of dif-
ferent styles and/or colors according to auser’s preference. In
variations, the wheels 356, 358 have the same or substantially
the same height as the body 364, and the wheel coverings 376,
378 can allow for a slight height advantage of the wheel and
tire combination with respect to the body. Alternatively, the
wheels 356, 358 can be significantly larger in height than the
body 364.

Self-Propelled Device with Magnetic Coupling

FIGS. 4A-4D illustrate an example of a spinning or rolling
self-propelled device that includes components for magneti-
cally coupling with an external accessory device, according
to some embodiments. In an example of FIG. 4A, a self-
propelled device 400 is depicted as being in motion, while
magnetically coupled to an external accessory device 430.
FIG. 4B illustrates a top view of the self-propelled device 400,
depicting a magnetic element 405 for creating a magnetic
coupling. Likewise, FIG. 4C illustrates a top view of the
external accessory device, depicting a complementary mag-
netic element 435 for coupling with the magnetic element 405
of the self-propelled device 400.

In an example of FIGS. 4A-4D, the self-propelled device
400 is structured in accordance with an implementation such
as described with an example of FIG. 3A (e.g., self-propelled
device 300), or with an example of FIG. 3B (e.g., self-pro-
pelled device 350). Accordingly, in an example of FIGS.
4A-4D, self-propelled device 400 includes a spherical hous-
ing 410 which rolls on an underlying surface 402 using an
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internal drive system. In variations, the housing 410 of the
self-propelled device 400 can have an alternative rounded
shape, such as an elliptical or cylindrical (e.g., with reference
to FIG. 3B) shape, so that the housing spins above or on the
underlying surface 402.

According to one aspect, the self-propelled device 400 can
include magnetic element 405 formed from a magnetic mate-
rial, and an internal support structure 425 to support the
magnetic element 405 in a desired orientation and position
with respect to the underlying surface 402. By way of
example, the support structure 425 can be implemented as
part of a biasing mechanism, and the magnetic element 405
can be provided on a tip or spring end of the biasing mecha-
nism. The magnetic element 405 can correspond to a magnet,
or to any material (e.g., ferrous metals etc.) which is able to
magnetically interact and couple with complementary mag-
nets provided on the external accessory device 430. A board
structure 420 (e.g., printed circuit board) can provide logic
and hardware for controlling the drive system of the self-
propelled device 400. In one implementation, the board struc-
ture 420 and the support structure 425 are provided as part of
a platform which maintains a substantially constant angular
position with rotation (W) of the housing 410 on the under-
lying surface 402.

The accessory device 430 can include a complementary
magnetic element 435 on or near a bottom region which
makes contact with the spherical housing 410. In variations,
the accessory device 430 can include a variety of shapes and
orientations, depending on the implementation or purpose of
the combined device. For example, in an implementation of
FIGS. 4A-4C, the accessory device 430 includes a cylindrical
or rectangular “hat” shape for the spherical housing 410. In
other variations, the accessory device 430 can have a sphere
or ball shape. In many applications, the self-propelled device
400 operates as a toy or device for amusement, and the acces-
sory device 430 is selectively shaped or structured to imitate
human characteristics, or to provide other enhancements for
furthering the amusement and appreciation of the combined
device.

In one implementation, the magnetic elements 405, 435 of
each of the self-propelled device 400 and the accessory
device 430 are magnets oriented such that their opposing
poles are directed towards each other to enable magnetic
attraction. In variations, the magnetic elements 405, 435 of
the self-propelled device 400 or the accessory device 430
include magnetically interactive materials, such as ferrous
metals.

In various examples, an operational or use environment of
the self-propelled device 400 can include events or conditions
which disrupt the motion of the self-propelled device 400,
such as (1) variations in the underlying surfaces (e.g., transi-
tion from smooth flooring to carpet flooring), (ii) collisions
(e.g., with walls or other self-propelled devices), and (iii)
relatively sharp velocity and acceleration of the self-pro-
pelled device 400, due to the self-propelled device 400 spin-
ning or turning in any one of a variety of directions. Given the
operational and use environment of the self-propelled device
400, the magnetic elements 405, 435 can maintain a strong,
stable, and resilient magnetic coupling between the self-pro-
pelled device 400 and the accessory device 430.

Accordingly, in some embodiments, the quantity and/or
distribution of magnetic elements (or magnetic material)
within the spherical housing 410 can be varied to increase
stability and/or resiliency of the magnetic coupling. For
example, while an example of FIG. 4A provides for the mag-
netic element 405 to be positioned substantially in a polar
region 412 (relative to the underlying surface 402), in varia-
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tions, the magnetic element 405 can be replaced or aug-
mented with multiple discrete magnetic elements that are
positioned to promote strength, stability, or resiliency in the
magnetic coupling. For example, discrete magnetic elements
can be positioned equidistantly (or otherwise) from the polar
region 412, such as along a latitudinal plane 411 between the
equator 408 and the polar region 412. The accessory device
430 can include one or more complementary magnetic ele-
ments 435 to enable the desired magnetic coupling.

Still further, a coupling surface of the accessory device 430
can include contours and features to reduce friction, at least
when the self-propelled device 400 is in motion. The presence
of friction can, for example, cause the spherical housing 410
and accessory device 430 to magnetically detach or destabi-
lize the coupling between the two devices. To reduce friction,
a bottom surface 432 of the accessory device 430 can be
rounded, and an exterior surface of each of the spherical
housing 410 and the accessory device 430 can be maintained
relatively smooth. Additionally, one or both of the exterior
surface 417 of the spherical housing 410 and the bottom
surface 432 of the accessory device 430 can be formed from
a material that reduces friction with other surfaces.

The accessory device 430 may exhibit a variety of differing
shapes in a variety of different sizes. For example, referring to
FIG. 4D, the accessory device 430 may be dome-shaped or
hemispherical. The accessory device 430 may further be
shaped as a disc, a cuboid, a cylinder, or any number of other
irregular shapes. Regardless of the shape or size, the acces-
sory device 430 can include a number of magnets 435 to
remain under magnetic interaction with the magnetic element
405 of'the self-propelled device 400. Furthermore, the acces-
sory device 430 may be interchangeable with various other
accessory devices of differing shapes and sizes.

FIG. 5A and FIG. 5B illustrate a self-propelled device in
motion while magnetically coupled to an accessory device,
according to one or more embodiments. When the self-pro-
pelled device 500 moves, an external accessory device 504
can remain magnetically coupled to the self-propelled device
500 at a substantially constant position on top of the self-
propelled device 500. As such, while the self-propelled
device 500 is being maneuvered, a support platform or struc-
ture 515 (e.g., such as one that provides the biasing mecha-
nism 615 of FIG. 6 as described in detail below) may have a
variable tilt angle (polar angle (8) relative to the plane of
motion) that does not typically exceed 45 degrees when an
extreme disruptive event or condition occurs. However, dur-
ing continuous and stable maneuvering of the self-propelled
device 500, the tilt of the support platform or structure 515
may be minimal, such as within 10 degrees about the hori-
zontal. Furthermore, during maneuvering, the azimuth (¢)
can vary at any angle depending on independent power trans-
ferred from motors or wheels or another drive mechanism of
the self-propelled device.

To achieve continuous motion at a constant velocity for the
self-propelled device 500, the displacement of the device’s
center of mass relative to its center of rotation can be main-
tained by action of wheels 568, 570. The displacement of the
center of mass of the self-propelled device 500 relative to a
center of rotation can be difficult to measure, and thus it can
be difficult to obtain feedback for a closed-loop controller to
maintain constant velocity. However, the displacement is pro-
portional to the tilt angle (equal to polar angle 8) between
support platform or the structure 515 and the surface on which
self-propelled device 500 moves. The tilt angle can be sensed
or estimated from a variety of sensor inputs. Therefore, as an
example, a speed controller for the self-propelled device 500
can be implemented to use the tilt angle between the support
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platform or structure 515 and the surface to regulate speed for
the wheels 568, 570 causing the self-propelled device 500 to
move at a constant speed. The speed controller can determine
the desired tilt angle to produce the desired speed, and the
desired angle set-point is provided as an input to a closed loop
controller regulating the drive mechanism.

In some implementations, such as illustrated by FIG. 5B,
the self-propelled device 500 can be under operative control
by a controller device 502. The controller device 502 can be
any device capable of communicatively linking with the self-
propelled device 500 to provide control commands. For
example, the controller device 502 can be a mufti-functional
wireless device, such as a smart phone or tablet computing
device. The controller device 502 can execute an application
specific to controlling the self-propelled device 500. In accor-
dance with many examples, the controller device 502 can
generate a user interface including virtual controls (e.g., a
virtual steering mechanism) to enable a user to operate the
self-propelled device. Thus, as shown in FIG. 5B, as the user
inputs a control input 590 commanding the self-propelled
device 500 to move forward on the controller device 502, the
self-propelled device 500 moves forward accordingly.

In an example of FIG. 5A and FIG. 5B, the internal drive
system of the self-propelled device 500 can generate momen-
tum to pitch or tilt the platform based on the direction of
acceleration, which can coincide with forward, reverse, or
lateral acceleration. The magnetic interaction between exter-
nal accessory 504 and the self-propelled device 500 can cause
the external accessory 504 to roll or pitch along with the
internal components as the self-propelled device 500 accel-
erates and drives forward. In order to prevent the external
accessory 504 from spinning, the external accessory 504 can
have complementary magnetic elements oriented with oppos-
ing polarity to the magnetic elements of the self-propelled
device 500. In the examples shown in FIGS. 5A-5B, the
self-propelled device 500 includes a pair of magnetic ele-
ments, where a first magnetic element may be oriented such
that its south magnetic pole faces upwards, and a second
magnetic element may be oriented such that its north mag-
netic pole faces upwards. Thus, the external accessory 504
can include a complementary pair of magnets with a first
magnetic element being oriented with its south magnetic pole
facing downwards to magnetically attract the first magnetic
element of the self-propelled device 500. A second magnetic
element of the external accessory 504 can be oriented with its
north magnetic pole facing downward to magnetically attract
the second magnetic element of the self-propelled device 500.
Various magnetic element arrangements are contemplated in
which any number of magnetic elements (e.g., a magnetic
array) can be included in the self-propelled device 500. For
such arrangement, example external accessory devices 504
can include a complementary set or magnetic array with
partnered magnets oriented in opposition to their associated
magnets within the self-propelled device 500.

FIG. 6 illustrates an example of a spherical self-propelled
device 600, and shows a schematic illustrating the compo-
nents of the example spherical self-propelled device 600.
However, variations of the present disclosure are not limited
to such devices. Rather, the above-discussed system 100 of
FIG. 1 can be implemented with respect to any remote device
in which pairings or connections are made. Referring to FIG.
6, the self-propelled device 600 can be of a size and weight
allowing it to be easily grasped, lifted, and carried in an adult
human hand. The self-propelled device 600 can include a
spherical housing 602 with an outer surface that makes con-
tact with an external surface of a corresponding magnetically
coupled accessory device as the self-propelled device 600
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rolls. In addition, the spherical housing 602 includes an inner
surface 604. Additionally, the self-propelled device 600
includes several mechanical and electronic components
enclosed by the spherical housing 602. In an example, self-
propelled device 600 includes magnetic elements 682 which
are supported within spherical housing 602 and which mag-
netically interact with complementary magnetic elements ofa
suitable accessory device. The magnetic interaction and cou-
pling can occur and/or be maintained while the self-propelled
device 600 moves.

The spherical housing 602 can be composed of a material
that transmits signals used for wireless communication, yet is
impervious to moisture and dirt. The spherical housing 602
can comprise a material that is durable, washable, and/or
shatter-resistant. The spherical housing 602 may also be
structured to enable transmission of light and can be textured
to diffuse the light.

In one variation, the housing 602 is made of sealed poly-
carbonate plastic. In one example, the spherical housing 602
comprises two hemispherical shells with an associated
attachment mechanism, such that the spherical housing 602
can be opened to allow access to the internal electronic and
mechanical components.

Several electronic and mechanical components are located
inside the envelope for enabling processing, wireless com-
munication, propulsion and other functions (collectively
referred to as the “interior mechanism”). In an example, the
components include a drive system 601 to enable the device to
propel itself. The drive system 601 can be coupled to process-
ing resources and other control mechanisms, as described
with other examples. The carrier 614 serves as the attachment
point and support for components of the drive system 601.
The components of the drive system 601 are not rigidly
attached to the spherical housing 602. Instead, the drive sys-
tem 601 can include a pair of wheels 618, 620 that are in
frictional contact with the inner surface 604 of the spherical
housing 602.

The carrier 614 is in mechanical and electrical contact with
an energy storage 616. The energy storage 616 provides a
reservoir of energy to power the device 600 and electronics
and can be replenished through an inductive charge port 626.
The energy storage 616, in one example, is a rechargeable
battery. In one variation, the battery is composed of lithium-
polymer cells. In other variations, other rechargeable battery
chemistries are used.

The carrier 614 can provide the mounting location for most
of the internal components, including printed circuit boards
for electronic assemblies, sensor arrays, antennas, and con-
nectors, as well as providing a mechanical attachment point
for internal components.

The drive system 601 can include motors 622, 624 and
wheels 618, 620. The motors 622 and 624 connect to the
wheels 618 and 620, respectively, each through an associated
shaft, axle, and gear drive (not shown). The perimeter of
wheels 618 and 620 are two locations where the interior
mechanism is in mechanical contact with the inner surface
604. The locations where the wheels 618 and 620 contact the
inner surface 604 are an essential part of the drive mechanism
of' the self-propelled device 600, and so are preferably coated
or covered with a material to increase friction and reduce
slippage. For example, the wheels 618 and 620 can be covered
with silicone rubber tires.

In some variations, a biasing assembly 615 is provided to
actively force the wheels 618, 620 against the inner surface
604. In an example illustrated by FIG. 6, the biasing assembly
615 can comprise two or more separate portal axles 658, 660
to actively force the drive system wheels 618, 620 against the
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inner surface 604. The portal axles 658, 660 may include
biasing elements 654, 656 (or springs) which include tips 655
or ends that press against the inner surface 604 with a force
vector having a vertical value. The vertical force from the bias
springs 654, 656 pressing against the inner surface 604
actively forces the drive system 601 and its respective wheels
618, 620 against the inner surface 604, thereby providing
sufficient force for the drive system 601 to cause the self-
propelled device 600 to move.

The portal axles 658, 660 comprising the independent bias-
ing elements 654, 656 can be mounted directly onto the
carrier 614. The biasing elements 654, 656 coupled to the
portal axles 658, 660 may be in the form of torsion springs
which instigate a force against the inner surface 604. As an
addition or alternative, the biasing elements 654, 656 may be
comprised of one or more of a compression spring, a clock
spring, or a tension spring. Alternatively, the portal axles 658,
660 can be mounted, without inclusion of springs, to maintain
a force pressing the drive system 601 and wheels 618, 620
against the inner surface 604, and allow sufficient traction to
cause the self-propelled device 600 to move.

According to many examples, the self-propelled device
600 can include an inductive charge port 626 to enable induc-
tive charging of a power source 616 used to provide power to
the independent motors 622, 624 that power the wheels 618,
620. The self-propelled device 600 can further include a
magnet holder 680 coupled to the carrier 614. The magnet
holder 680 can include a set of magnetically interactive ele-
ments 682, such as elements comprised of ferrous materials,
and/or electromagnets or permanent magnets. Likewise, an
external accessory can also include complementary magnets
for enabling the magnetic coupling. Thus, the magnet holder
680 and the external accessory can comprise one or more of
any combination of magnetically interactive metals, ferro-
magnetic elements, neodymium, yttrium/cobalt, alnico, or
other permanent elemental magnets, other “rare-earth” mag-
nets, electromagnets, etc.

In variations, the magnet holder 680 can include a set of
magnetic elements 682 (e.g., a magnet pair) which can be
oriented to have opposing polarity. For example, as shown
with other examples, the magnetic elements 682 include a
first magnet and a second magnet, where the first magnet can
be oriented such that its north magnetic pole faces upwards
and its south magnetic pole faces downwards. The second
magnet can be oriented such that its south magnetic pole faces
upwards and its north magnetic pole face downwards.

In variations, the magnet holder 680 and an external acces-
sory can each house any number or combination of comple-
mentary magnets or magnetic components. For example, a
single magnetic component may be housed in either the self-
propelled device 600 or in a corresponding external acces-
sory, and be arranged to magnetically interact with a plurality
of'magnetic components of the other ofthe external accessory
or the self-propelled device 600. Alternatively, for larger
variations, magnetic arrays of three or more magnets may be
housed within the spherical housing 602 to magnetically
interact with a corresponding magnetic array of the external
accessory.

In some examples, the biasing assembly 615 is formed
such that the wheels 618, 620 and the tip ends 655 of the
biasing elements 654, 656 arc almost constantly engaged with
the inner surface 604 of the spherical housing 602. As such,
much of the power from the motors 622, 624 is transferred
directly to rotating the spherical housing 602, as opposed to
causing the internal components (i.e., the biasing assembly
615 and internal drive system 601) to pitch. Thus, while
motion of the self-propelled device 600 may be caused, at
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least partially, by pitching the internal components (and
therefore the center of mass), motion may also be directly
caused by active force of the wheels 618, 620 against the inner
surface 604 of the spherical housing 602 (via the biasing
assembly 615) and direct transfer of electrical power from the
motors 622, 624 to the wheels 618, 620. As such, the pitch of
the biasing assembly 615 may be substantially reduced, and
remain substantially constant (e.g., substantially perpendicu-
lar to the external surface on which the self-propelled device
600 moves). Additionally or as an alternative, the pitch of the
biasing assembly 615 may increase (e.g., to over 45 degrees)
during periods of hard acceleration or deceleration. Further-
more, under normal operating conditions, the pitch of the
biasing assembly 615 can remain stable or subtly vary (e.g.,
within 10-15 degrees).

In some variations, the magnetic elements 682 can be
replaced or augmented with magnetic material, which can be
included on, for example, the tip ends 655 of the biasing
elements 654, 656. The tip ends 655 can be formed of a
magnetic material, such as a ferrous metal. Such metals can
include iron, nickel, cobalt, gadolinium, neodymium,
samarium, or metal alloys containing proportions of these
metals. Alternatively, the tip ends 655 can include a substan-
tially frictionless contact portion, in contact with the inner
surface 604 of the spherical housing 602, and a magnetically
interactive portion, comprised of the above-referenced metals
or metal alloys, in contact or non-contact with the inner
surface 604. As another variation, the substantially friction-
less contact portion can be comprised of an organic polymer
such as a thermoplastic or thermosetting polymer.

In some examples, the tip ends 655 can be formed of
magnets, such as polished neodymium permanent magnets.
In such variations, the tip ends 655 can produce a magnetic
field extending beyond the outer surface of the spherical
housing 602 to magnetically couple with the external acces-
sory device. Alternatively still, the tip ends 655 can include a
substantially frictionless contact portion, and have a magnet
included therein.

Alternatively still, a magnetic component of the self-pro-
pelled device 600 may be included on any internal compo-
nent, such as the carrier 614, or an additional component
coupled to the biasing assembly 615 or the carrier 614.

In further examples, one or more of the magnetic elements
682, the tip ends 655, and/or the complementary magnets of
the external accessory device can comprise any number of
electro- or permanent magnets. Such magnets may be irregu-
lar in shape to provide added magnetic stability upon motion
of the self-propelled device 600. For example, the magnetic
elements 682 of the self-propelled device 600 can be a single
or multiple magnetic strips including one or more tributary
strips to couple with the complementary magnet(s) of the
accessory device. Additionally, or alternatively, the tip ends
655 can also include a single or multiple magnets of different
shapes which couple to complementary magnets of the acces-
sory device.

Alternatively, the magnetic coupling between the self-pro-
pelled device 600 and the accessory device can be one which
creates a stable magnetically repulsive state. For example, the
magnetic elements 682 can include a superconductor material
to substantially eliminate dynamic instability of a repelling
magnetic force in orderto allow for stable magnetic levitation
of the accessory device in relation to the magnetic elements
682 while the spherical housing 602 rotates on the underlying
surface. In similar variations, a diamagnetic material may be
included in one or more of the self-propelled device 600, the
tip ends 655, or the external accessory device, to provide
stability for magnetic levitation. Thus, without the use of
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guiderails or a magnetic track, the self-propelled device 600
may be caused to maneuver in any direction with the external
accessory device remaining in a substantially constant posi-
tion along a vertical axis of the self-propelled device 600
(Cartesian or cylindrical z-axis, or spherical r-coordinate with
no polar angle (6)).

FIG. 7A is a cross-sectional side view of an example self-
propelled device including an independent internal structure
and a structure for magnetic coupling to an external accessory
device. In the below description of FIG. 7A, the self-pro-
pelled device 700 may incorporate numerous features of other
examples provided herein. Referring to FIG. 7A, the self-
propelled device 700 can include an internal drive system 702
to cause the self-propelled device 700 to move in any one of
multiple possible directions. The internal drive system 702
can be biased, by one or more biasing elements, in order to
cause a number of wheels 714 to continuously engage the
inner surface 716 of the spherical housing 718. Thus, as the
self-propelled device 700 is remotely operated by a controller
device, the internal drive system 702 causes the spherical
housing 718 to roll and maneuver in accordance with received
control commands.

According to examples described herein, the self-pro-
pelled device 700 can include an external accessory, where
magnetic elements 712 of the self-propelled device 700 can
magnetically interact through the spherical housing 718 with
corresponding magnetic elements or material of the external
accessory. Accordingly, as the spherical housing 718 rolls, the
magnetic interaction between the magnetic elements 712 and
the corresponding magnetic elements or material of the exter-
nal accessory causes the magnet holder 706, upon which the
magnetic elements of the self-propelled device 700 are
housed, to maintain a positional relationship with the external
accessory. Thus, the spherical housing 718 may roll and
maneuver based on received control commands, and the mag-
netic elements 712 may maintain continuous interaction with
the magnetic elements or material of the external accessory
device.

In some examples, the magnet holder 706 can be directly
coupled to the internal drive system 702, or a carrier on which
components such as a circuit board are integrated. Alterna-
tively, the magnet holder 706 can be coupled to an indepen-
dent internal structure 707 that is coupled to the internal drive
system via a tilt spring 708. As shown in FIG. 7A, the tilt
spring 708 can allow for an amount of shock absorption when
the self-propelled device 700 experiences a collision event.
The tilt spring 708 can further dampen an impact force expe-
rienced by the independent internal structure 707, in order to
lessen jolts, jerk events, and/or jounces experienced by the
self-propelled device 700. Such events may increase the prob-
ability that the magnetic elements will decouple, causing the
external accessory coupled to the self-propelled device 700 to
detach. The tilt spring 708 can decrease the probability of
such decoupling events.

FIG. 7B is a cross-sectional front view of an example
self-propelled device including a biasing assembly and a
structure for magnetic coupling to an accessory device. The
self-propelled device 720 may be a variant of the self-pro-
pelled device 700 as described with respect to FIG. 7A. As an
example, the independent internal structure 707 of FIG. 7A
may be included as part of a biasing assembly 758 as shown
in FIG. 7B. Furthermore, while not shown in FIG. 7B, the
self-propelled device 720 may also include a tilt spring 708 as
provided in FIG. 7A. Referring to FIG. 7B, the internal drive
system 760 of the self-propelled device 720 can be biased by
the biasing assembly 758. The biasing assembly 758 can
include a number of biasing elements 754, 756, which can
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include springs, or other devices storing mechanical energy,
in order to produce a continuous force on the inner surface of
the spherical housing 757. The force provided by the biasing
elements 754, 756 can cause the internal drive system 760 to
exert a continuous force (F,) on the inner surface of the
spherical housing 757 so that when power is provided to
wheels within device 720, the turning wheels cause the self-
propelled device 720 to roll and maneuver.

Any number of biasing elements 754, 756 may be included
within the spherical housing 757. Such biasing elements 754,
756 may be included on the biasing assembly 758, and also as
part of the internal drive system 760 to provide stability and
decrease the pitch and/or roll of the internal components of
the self-propelled device 720 during operation. A reduction in
the tilting of the internal components of self-propelled device
720 can cause the external accessory to maintain contact with
the spherical housing 757 within a tighter positional areaon a
top portion of the self-propelled device 720 as the self-pro-
pelled device 720 moves.

According to examples, the biasing assembly 758 can
include a pivoting magnet holder 750, which can pivot a
number of degrees (e.g., 10-20), or which can be set on a
guide system to pivot a full 360 degrees. The pivoting magnet
holder 750 can include a pair of magnets 762 oriented with
opposing polarity to each other. Complementary magnets of a
corresponding external accessory can also be oriented with
opposing polarity to each other, such that the external acces-
sory can only be attached to the self-propelled device 720 and
the opposing magnets on the external accessory couple to the
opposing magnets 762 on the pivoting magnet holder 750.
Accordingly, as the pivoting magnet holder 750 pivots, the
external accessory pivots accordingly.

The biasing assembly 758 can further include a pivot actua-
tor 752 which, based on a control command received from a
controller device, can cause the pivoting magnet holder 750 to
turn. In an example where the device of FIG. 7B is imple-
mented with the system 100 of FIG. 1, a pivot command can
be received via a transducer 102 and processed by a processor
114 (as shown in FIG. 1) in order to implement the command
on the pivot actuator 752. Thus, a control feature on the
controller device, such as a user interface feature on a virtual
steering mechanism, can be used to receive user input which
causes the pivoting magnet holder 750 to turn, and thereby
causes the external accessory to turn. The pivot actuator 752
can be controlled to turn clockwise or counterclockwise
dynamically in response to such pivot commands.

Additionally or alternatively, the self-propelled device 720
may be preprogrammed to cause the pivot actuator 752 to
activate in response to certain events. For example, upon
starting up, the self-propelled device 720 may be prepro-
grammed to detect a direction towards the controller device.
Based on the direction of the controller, the internal drive
system 760 can rotate the self-propelled device 720 in order
calibrate a forward direction for the self-propelled device 720
in relation to the controller device. In addition, the pivot
actuator 752 may be automatically enabled to turn the pivot-
ing magnet holder 750 such that the external accessory faces
the controller device.

Additionally or alternatively, the pivoting magnet holder
750 may have a default forward direction that coincides with
a calibrated forward direction of the internal drive system
760. Thus, as the self-propelled device 720 is initially cali-
brated to the controls of the controller device, the pivot actua-
tor 752 may be enabled to automatically calibrate a forward
facing direction for the external accessory. Furthermore, the
pivot actuator 752 may be automatically initiated during col-
lision events or when another self-propelled device is
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detected within a predetermined distance. Further still, com-
binations of actions may be performed by the internal drive
system 760 and the pivot actuator 752 as programmed actions
or events.

According to examples, the external accessory can also
include features to dampen shock events, such as when the
self-propelled device 720 goes over bumps or experiences
collisions. The external accessory can thus include a contact
portion to maintain contact with the outer surface of the
spherical housing 757, and a housing structure to support any
number of functional or non-functional features. Accord-
ingly, the internal drive system 760, the pivot actuator 752,
functional or non-functional components of the external
accessory (e.g., one or more speakers) can be combined to
enable the self-propelled device 720 to exhibit different kinds
of actions.

A contact portion of the external accessory can be coupled
to the housing structure by one or more shock springs to
reduce the effect of impacts on the magnetic coupling. In an
aspect of FIG. 7A, as the self-propelled device 720 goes over
bumps or experiences collision events, the tilt spring 708 as
well as a shock spring of the external accessory can dampen
such events to decrease the likelihood of the external acces-
sory decoupling with the self-propelled device 720.

FIG. 8 is a cross-sectional view of an example self-pro-
pelled device including a magnetic array. The self-propelled
device 800 and a corresponding external accessory can
include various elements discussed above with respect to
FIGS. 1, 2A-2C, 3A-3C, 4A-4B, 5A-5B, 6, and 7A-7B.
According to many examples described herein, the self-pro-
pelled device 800 can include an internal drive system 810
coupled to a biasing assembly 820. The biasing assembly 820
caninclude a number of biasing elements 816, 818, a pivoting
magnet holder 822, and one or more pivot actuators 826 to
cause the pivoting magnet holder 822 (and thus the external
accessory) to turn. The biasing assembly 820 can be coupled
to the internal drive system 810 via a tilt spring 814 that
allows the pivoting magnet holder 822 to absorb impacts
without decoupling the self-propelled device 800 from the
external accessory.

According to some examples, the pivoting magnet holder
822 can hold a magnetic array 824 composed of an array of
magnetic elements. Such magnetic elements may be an array
ofneodymium or other permanent magnets. Alternatively, the
magnetic array 824 can be composed of one or more electro-
magnetics to generate a relatively powerful magnetic field. In
some implementations, the external accessory may include a
corresponding non-magnetized ferrous metal to magnetically
interact with the magnetic array 824 of the self-propelled
device 800. Alternatively, the external accessory can include
its own complementary set of magnetic elements, or a
complementary magnet array, to interact with the magnetic
array 824 of the self-propelled device 800. The external
accessory can include a housing structure that maintains the
complementary set of magnetic elements for coupling to the
spherical housing.

FIGS. 9A-9B illustrate example turn states of the self-
propelled device under operative control by a controller
device. The self-propelled device 900 is depicted from a front
view as shown in FIGS. 9A-9B. A user input on the controller
device 902 to execute a turn is shown. For example, the user
may provide an input to turn the self-propelled device 900
right, as shown in FIG. 9A. The self-propelled device 900 can
receive the input, and implement the turn command on the
internal drive system, which can cause the internal compo-
nents to pitch and roll accordingly. As the internal compo-
nents pitch and roll to execute the turn, the external accessory
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904 can also roll correspondingly, maintaining the magnetic
interaction with the internal magnets of the self-propelled
device 900. FIG. 9B depicts a user input on the controller
device to turn the self-propelled device 900 left, where the
internal components, along with the external accessory pitch
and roll accordingly.

Hardware Diagram

FIG. 10 is an example block diagram that illustrates a
computer system upon which examples described may be
implemented. For example, one or more components dis-
cussed with respect to the system 100 of FIG. 1 may be
performed by the system 1000 of FIG. 10. Still further, the
computer system 1000 can be implemented on or as part of a
self-propelled device, such as shown by examples of FIGS.
2A-2C, FIGS. 3A-3B, FIGS. 4A-4C, FIGS. 5A-5B, FIG. 6,
FIGS. 7A-7B, FIG. 8, and FIGS. 9A-9B.

In one implementation, the computer system 1000 includes
processing resources 1010, a main memory 1020, ROM
1030, a storage device 1040, and a communication interface
1050. The computer system 1000 includes at least one pro-
cessor 1010 for processing information and a main memory
1020, such as a random access memory (RAM) or other
dynamic storage device, for storing information and instruc-
tions 1022 to be executed by the processor 1010. The instruc-
tions 1022 can, for example, enable interpretation of input
from a controller device 1002 into command input. The main
memory 1020 also may be used for storing temporary vari-
ables or other intermediate information during execution of
instructions to be executed by the processor 1010. The com-
puter system 1000 may also include a read only memory
(ROM) 1030 or other static storage device for storing static
information and instructions for the processor 1010. A stor-
age device 1040, such as a magnetic disk or optical disk, is
provided for storing information and instructions. For
example, the storage device 1040 can correspond to a com-
puter-readable medium that triggers logic for maneuvering
the self-propelled device discussed with respect to FIGS. 1-2.

The communication interface 1050 can enable computer
system 1000 to communicate with a controller device 1002
via an established network link 1052 (wireless or wireline).
Using the network link 1052, the computer system 1000 can
receive command instructions for maneuvering the self-pro-
pelled device.

Examples described herein are related to the use of com-
puter system 1000 for implementing the techniques described
herein. According to one example as illustrated in FIG. 10,
those techniques are performed by computer system 1000 in
response to processor 1010 executing one or more sequences
of'one or more instructions contained in main memory 1020.
Such instructions may be read into main memory 1020 from
another machine-readable medium, such as storage device
1040. Execution of the sequences of instructions contained in
the main memory 1020 causes processor 1010 to perform the
process steps described herein. In alternative implementa-
tions, hard-wired circuitry may be used in place of or in
combination with software instructions to implement
examples described herein. Thus, the examples described are
not limited to any specific combination of hardware circuitry
and software.

While certain examples have been described above, it will
be understood that the examples described are by way of
example only. Accordingly, this disclosure should not be lim-
ited based on the described examples. Rather, the scope of the
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disclosure should only be limited in light of the claims that
follow when taken in conjunction with the above description
and accompanying drawings.

What is claimed is:

1. A self-propelled device comprising:

a spherical housing;

an internal drive system enclosed within the spherical

housing and operable to cause the self-propelled device
to roll;

an internal structure enclosed within the spherical housing

and coupled to the internal drive system, the internal
structure including a magnet holder which holds a first
set of magnetically interactive elements, wherein the
magnet holder comprises a pivot mechanism that pivots
the magnet holder relative to an axis of rotation of the
internal drive system;

an external accessory comprising a second set of magneti-

cally interactive elements;

a wireless interface to receive control commands from a

controller device; and
a control mechanism to implement the control commands,
wherein implementing the control commands (i) causes
the internal drive system to accelerate and maneuver the
self-propelled device, and (ii) causes the pivot mecha-
nism to pivot the external accessory relative to the
spherical housing to coincide with a directional input of
a control command;

wherein the first set of magnetically interactive elements
and the second set of magnetically interactive elements
maintain a magnetic interaction through the spherical
housing when the spherical housing rolls and when the
pivot mechanism pivots the magnetic holder, the mag-
netic interaction causing the external accessory to pivot
when the magnet holder pivots.

2. The self-propelled device of claim 1, wherein the first set
of magnetically interactive elements comprises a first and a
second magnet oriented to have opposite polarity, and
wherein the second set of magnetically interactive elements
comprises a first and a second magnet also oriented to have
opposite polarity in order to magnetically couple with the first
and the second magnets of the magnet holder respectively.

3. The self-propelled device of claim 1, further comprising:

a biasing subassembly coupled to the internal drive system

to cause the internal drive system to continuously
engage an interior surface of the spherical housing.

4. The self-propelled device of claim 3, wherein the biasing
subassembly comprises a plurality of portal axles each
including a bias spring to engage the interior surface of the
spherical housing at a plurality of contact points.

5. The self-propelled device of claim 3, wherein the biasing
subassembly and the magnet holder comprise a single inter-
nal assembly within the spherical housing.

6. The self-propelled device of claim 5, wherein the single
internal assembly is coupled to the internal drive system by
one or more springs.

7. The self-propelled device of claim 6, wherein the one or
more springs, coupling the single internal assembly to the
internal drive system, comprise a vertical tilt spring to
dampen an impact force on the single internal assembly when
the self-propelled device experiences a collision event.

8. The self-propelled device of claim 1, wherein the exter-
nal accessory includes a housing structure and a contact por-
tion, the contact portion to engage an exterior surface of the
spherical housing.

9. The self-propelled device of claim 8, wherein the contact
portion of the external accessory comprises a slider bearing to
engage the exterior surface of the spherical housing.
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10. The self-propelled device of claim 9, wherein the slider
bearing includes the second set of magnetically interactive
elements.

11. The self-propelled device of claim 8, wherein the hous-
ing structure includes the second set of magnetically interac-
tive elements.

12. The self-propelled device of claim 8, wherein the exter-
nal accessory includes one or more springs coupling the hous-
ing structure and the contact portion.

13. The self-propelled device of claim 8, wherein the con-
tact portion of the external accessory comprises a pair of
wheels coupled by an axle assembly, the pair of wheels to
engage the exterior surface of the spherical housing.

14. The self-propelled device of claim 13, wherein the
external accessory includes one or more springs coupling the
housing structure to the axle assembly of the contact portion.

15. The self-propelled device of claim 1, wherein the first
and the second set of magnetically interactive elements each
comprises one or more ferromagnetic elements, one or more
magnets, or one or more electromagnetic elements.
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16. The self-propelled device of claim 1, wherein the inter-
nal drive system comprises a first motor to operate a first
wheel, and a second motor to operate a second wheel, the first
and the second wheels to engage an interior surface of the
spherical housing.

17. The self-propelled device of claim 1, wherein the pivot
mechanism comprises one or more actuators to enable the
magnet holder to pivot within the spherical housing in
response to a pivot command received from the controller
device.

18. The self-propelled device of claim 17, wherein the
control commands include the pivot command, and wherein
the pivot command engages the one or more actuators to
cause the pivot mechanism to pivot the external accessory
relative to the spherical housing.

19. The self-propelled device of claim 1, further compris-
ing:

a power source coupled to the internal drive system; and

an inductive charge port to enable inductive charging of the

power source.



