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flexible member is configured to be at least partially coiled within a body of the robot,
and a portion of the flexible member is vertically movable away from the body when
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MAST SYSTEMS FOR AUTONOMOUS MOBILE ROBOTS

TECHNICAL FIELD

This specification relates to mast systems for autonomous mobile robots.

BACKGROUND
Autonomous mobile robots can be operated in environments to perform
tasks such as floor cleaning, lawn mowing, or patrolling. In addition to including
systems for performing these tasks, autonomous mobile robots can house drive
mechanisms that propel the robots autonomously through their environments. As
the robots autonomously move, the drive mechanisms can be controlled to

maneuver the robots about obstacles in the environments.

SUMMARY

In one aspect, an autonomous mobile robot includes a body, a drive
configured to maneuver the body across a floor surface, an image capture device,
an interface cable connecting the image capture device to a controller of the robot,
and an elongate flexible member having a portion coupled to the image capture
device. The interface cable is configured to be retractably spooled within the body,
and the flexible member is configured to be at least partially coiled within the body
of the robot. The portion of the flexible member is vertically movable with the
image capture device away from the body when the flexible member is being
uncoiled and extended along a longitudinal axis. The flexible member is
configured to form a conduit around a portion of the interface cable between the
body and the image capture device and to support the image capture device above
the body of the robot when the portion of the flexible member and the image
capture device move away from the body.

In another aspect, a protractible and retractable mast system for an
autonomous mobile robot includes an elongate flexible member including a first
lateral end and a second lateral end, and a fastener having a first portion extending
along a length of the first lateral end and a second portion extending along a length

of the second lateral end. The flexible member is configured to be at least partially
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coiled within a body of the robot, and a portion of the flexible member is vertically
movable away from the body when the flexible member is being uncoiled. The
fastener is configured to connect the first lateral end to the second lateral end when
the flexible member is being uncoiled, and disconnect the first lateral end from the
second lateral end when the flexible member is being coiled.

In some implementations, the flexible member includes a section having a
first lateral end and a second lateral end. The section of the flexible member can be
configured such that a distance between the first lateral end and the second lateral
end when the section of the flexible member is coiled is larger than a distance
between the first lateral end and the second lateral end when the section of the
flexible member is uncoiled.

In some implementations, the flexible member is configured to be
substantially flat when coiled within the body. The flexible member can be
configured to be curled about the longitudinal axis to form the conduit when
uncoiled and vertically extended from the body.

In some implementations, a top surface of the image capture device is
configured to be flush with a top surface of the body when the flexible member
and image capture device are retracted within the body.

In some implementations, the flexible member includes a first lateral edge
configured to be fastened to a second lateral edge of the flexible member to form
the conduit around the portion of the interface cable. The interface cable and the
flexible member can be configured to be separately spooled within the body when
the first lateral end of the flexible member is unfastened from the second lateral
end of the flexible member.

In some implementations, the flexible member includes a first lateral edge
and a second lateral edge. The robot or the mast system can further include a
fastener having a first portion extending along a length of the first lateral edge and
a second portion extending along a length of the second lateral edge. The fastener
can be configured to connect the first lateral edge to the second lateral edge to
form the conduit around the portion of the interface cable when the flexible

member is being uncoiled, and disconnect the first lateral edge from the second
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lateral edge when the flexible member is being coiled within the body. In some
cases, the fastener includes a zipper, a hook-and-loop fastener, or a magnetic
fastener. In some cases, the robot or the mast system further includes a fastening
and unfastening device positioned below a top surface of the body. The fastening
and unfastening device can be configured to connect the first portion of the
fastener to the second portion of the fastener such that the flexible member forms
the conduit around the portion of the interface cable when the image capture
device moves vertically away from the body. The fastening and unfastening device
can be configured to disconnect the first portion of the fastener from the second
portion of the fastener when the portion of the flexible member is retracted toward
the body. In some cases, the fastener is attached to an outer cloth layer of the
flexible member.

In some implementations, the robot or the mast system further includes a
spool assembly having an outer portion about which the flexible member is
configured to be coiled, and an inner portion about which the interface cable is
configured to be coiled. In some cases, the spool assembly defines a slit through
the outer portion of the spool assembly. The interface cable can extend through the
slit to engage the inner portion of the spool assembly. In some cases, the interface
cable is configured to contact an inner surface of the outer portion of the spool
assembly when the interface cable is coiled about the inner portion of the spool
assembly. The inner surface of the outer portion can face the inner portion of the
spool assembly.

In some implementations, the robot or the mast system further includes a
drive roller contacting the flexible member. The drive roller can be rotatable in a
first direction to cause the flexible member to be uncoiled and to move vertically
away from the body, and in a second direction to cause the flexible member to be
coiled and to cause the portion of the flexible member to retract toward the body.
In some cases, the robot or the mast system further includes a motor positioned
within the drive roller and between outer lateral ends of the drive roller. The motor
can be configured to rotate the drive roller in the first direction or the second

direction. In some cases, the robot or the mast system further includes a
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compressor roller positioned to contact the flexible member to compress another
portion of the flexible member against the drive roller. In some cases, the robot or
the mast system further includes a ramp extending away from the drive roller from
a first end proximate the drive roller to a second end proximate a location on the
body through which the flexible member is movable to an exterior of the body.
The ramp can be configured to contact the flexible member to inhibit the flexible
member from buckling.

In some implementations, the portion of the flexible member is positioned
proximate a first longitudinal end of the flexible member, and another portion of
the flexible member is positioned proximate a second longitudinal end of the
flexible member. The robot or the mast system can further include a spring to
apply tension to the flexible member at the other portion of the flexible member.

In some implementations, the robot or the mast system further includes a
sensor to detect motion of the flexible member. The controller can be configured to
determine a length of an uncoiled portion or a length of a coiled portion of the
flexible member based on the detected motion of the flexible member. In some
cases, the sensor includes an encoder operably connected to a motor to drive the
flexible member away from the body of the robot. In some cases, the sensor
includes an optical sensor to detect motion of the flexible member.

In some implementations, a height of the body of the robot above the floor
surface is between 0.15 and 0.35 meters, an area footprint of the body of the robot
is less than 0.5 meters, and the image capture device is movable to a height above
the floor surface between 0.5 and 2.5 meters.

In some implementations, the robot or the mast system further includes a
rigid nest positioned within the body of the robot. The rigid nest can be to receive
the image capture device when the image capture device is in a fully retracted
position.

Advantages of the foregoing may include, but are not limited to, the
advantages described below and herein elsewhere. The flexible member and a
sensor mounted to the flexible member can be easily retracted into the body of the

robot so that the sensor can be operated in privacy modes in which the sensor
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cannot monitor the environment. This can improve comfort of occupants in the
environment when privacy is desired.

The flexible member can also occupy a relatively small amount of space
when the flexible member is in a retracted state and coiled within the body of the
robot. The flexible member, when coiled, can be substantially flat so that the
flexible member can be tightly coiled within the body. As a result of the relatively
small amount of space needed to store the flexible member within the body of the
robot, a size of the robot body can be more compact. This enables the robot to fit
more easily in tight spaces in an environment of the robot, thus improving obstacle
avoidance and allowing the robot to be more easily stored when not in use.

In addition, the interface cable can be retracted in a controlled manner that
can inhibit tangles and kinks to the cable as the cable is drawn into the body. For
example, the cable can be spooled within the body, thereby allowing the cable to
be more neatly arranged within the body. Improved management of the cable can
reduce the risk that the cable is damaged during the retraction process.

The details of one or more implementations of the subject matter described
in this specification are set forth in the accompanying drawings and the description
below. Other potential features, aspects, and advantages will become apparent

from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1C are perspective views of an autonomous mobile robot
monitoring a door of an environment.

FIGS. 1B and 1D are side views of a mast system isolated from the robot of
FIGS. 1A and 1C, respectively.

FIGS. 2A and 2B are rear perspective and bottom views of an autonomous
mobile robot.

FIGS. 2C and 2D are rear views of the robot of FIG. 2A with a mast system
of the robot in a retracted state and a protracted state, respectively.

FIG. 2E is a partial cutaway front view of the robot of FIG. 2A, with a left
portion of the front view showing internal components isolated from the robot and

a right portion of the front view showing an exterior of the robot.
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FIG. 3A is a cross-sectional view of a flexible member through section
lines 3A-3 A shown in FIG. 1D.

FIG. 3B is a cross-sectional view of a flexible member and an interface
cable through section lines 3B-3B shown in FIG. 1D.

FIG. 4 is a front view of a flexible member.

FIGS. 5A and 5B are perspective and side views, respectively, of a mast
system.

FIGS. 6A-6D are perspective, perspective exploded, front cross-sectional,
and side cross-sectional views, respectively, of a spool assembly of the mast
system of FIG. 3A.

FIGS. 7A-7C are perspective, perspective exploded views, and front cross-

sectional, respectively, of a drive roller assembly of the mast system of FIG. 3A.

DETAILED DESCRIPTION

Referring to FIG. 1A, a monitoring system includes an autonomous mobile
robot 100 including an image capture device 102 such as a camera to capture
digital imagery of an environment 10 of the robot 100. The monitoring system
provides data, e.g., digital imagery data, that enables remote surveillance and
monitoring of locations throughout the environment 10. The robot 100 operates in
an autonomous manner without user intervention by autonomously traversing the
environment 10 while capturing imagery using the image capture device 102. The
image capture device 102 is moved vertically relative to a floor surface 20 to
enable the image capture device 102 to capture imagery of the environment 10 at
different heights. In the example depicted in FIG. 1A, the robot 100 monitors a
door 30 in the environment 10 by directing its image capture device 102 at the
door 30 to capture imagery of the door 30.

Referring also to FIG. 1B, the robot 100 includes a mast system 104 that
enables the image capture device 102 to be moved vertically. The mast system 104
includes a flexible member 106 that supports the image capture device 102 above a
body 108 of the robot 100. The flexible member 106 is a vertically extendible
member that is capable of being retracted into the body 108 or protracted from the

body 108 to move the image capture device 102 to different heights.
-6-
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FIG. 1B shows a configuration of the mast system 104 of the robot 100 for
positioning the image capture device 102 at a height H1 above the floor surface 20
as depicted in FIG. 1A. As shown in FIG. 1B, the flexible member 106 is
controllable so that the image capture device 102 moves vertically (from the lower
height H1 to the greater height H2 as depicted in FIG. 1C.) away from the height
H1, e.g, toward a height H2 depicted in FIG. 1C. FIG. 1D shows a configuration
of the mast system 104 of the robot 100 in which the image capture device 102 is
positioned at a height H2 above the floor surface 20 as depicted in FIG. 1C. As
shown in FIG. 1D, the flexible member 106 is controllable so that the image
capture device 102 moves vertically towards the floor surface 20 from the height
H2, e.g., toward the height H1 (so that the image capture device 102 is lowered
from the greater height H2 to the lower height H1).

As described herein, during operations to move the image capture device
102 vertically, the flexible member 106 can be drawn into or fed out of the robot
100 from a spooled configuration within the body 108 of the robot 100. By being
stored in this spooled configuration, the flexible member 106 can occupy a
relatively small amount of space within the body 108 of the robot 100, thus
enabling the robot 100 to have a smaller overall profile.

FIGS. 2A-2E illustrate an example of the robot 100. Referring to FIG. 2A,
the robot 100 includes a drive that is operable to maneuver the robot 100 about a
floor surface (e.g., the floor surface 20 shown in FIGS. 1A and 1C). The drive of
the robot 100 includes any suitable mechanism or system for actively and
controllably causing the robot 100 to transit through the environment 10. For
example, the drive includes drive wheels 110a, 110b that support the body 108 of
the robot 100 above the floor surface and one or more motors 112 (represented by
dashed lined boxes to indicate their locations within the body 108) engaged to the
drive wheels 110a, 110b. The drive wheels 110a, 110b are rotatably driven by the
one or more motors 112. The one or more motors 112 are controllable by a
controller 114 (represented by a dashed line box to indicate its location within the
body 108) of the robot 100. In some implementations, the one or more motors 112

includes two distinct motors, with one motor being operable to control rotation of
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the drive wheel 110a, another motor being operable to control rotation of the drive
wheel 110b.

The robot 100 has a substantially trapezoidal profile such that a center of
mass of the robot 100 is closer to the floor surface 20 for added stability as the
robot 100 transits along the floor surface 20. The body 108 houses
electromechanical systems of the robot 100, including the one or more motors 112,
the controller 114, portions of the mast system 104, and other systems enabling
autonomous function of the robot 100. In some implementations, the
electromechanical systems include a power system, a sensor system, or both. The
power system includes a battery and a battery charging system configured to
electrically connect the battery to a docking station. In this regard, the robot 100 is
capable of operating with energy stored on the battery to move about the
environment 10 and capture digital imagery and is connectable to the docking
station to recharge the battery.

The sensor system includes an image sensor of the image capture device
102. In some examples, the image capture device 102 includes the image sensor, a
housing for the image sensor, a lens to transmit received light from the
environment 10 to the image sensor, and other components enabling operation of
the image sensor for image capture.

The sensor system also includes sensors (e.g., navigation sensors) usable by
the controller 114 to navigate about the environment 10. The navigation sensors
generate signals for estimating a position of the robot 100 within the environment
10, for detecting objects and obstacles within the environment 10, and for
generating a robot map, e.g., an occupancy map of the enclosure space 10. These
navigation sensors include, for example, dead reckoning sensors, obstacle
detection and avoidance (ODOA) sensors, simultaneous localization and mapping
(SLAM) sensors, etc. The navigation sensors include, in some cases, the image
sensor of the image capture device 102 for visual identification of features and
landmarks used in calculating robot pose on the robot map. The navigation sensors
alternatively or additionally include proximity sensors, contact sensors, motion

sensors, cliff sensors, or a combination thereof.
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In some implementations, the robot 100 further includes a rear stability
wheel 116, e.g., a caster wheel, that extends rearward from the body 108 and
cooperates with the drive wheels 110a, 110b to support the body 108 above the
floor surface. In some cases, the stability wheel 116 is movable relative to the body
108, and the robot 100 includes a motor operably connected to the stability wheel
116 to move the stability wheel 116 relative to the body 108. The stability wheel
116 is movable into an interior of the robot 100.

Referring to FIG. 2B, which shows a bottom view of the robot 100, a
footprint of the robot 100 on the floor surface is defined by exterior components of
the robot 100, such as the body 108 and the drive wheels 110a, 110b. In some
examples, the area of the footprint is less than 0.5 square meters, e.g., less than 0.1
square meters, less than 0.3 square meters, less than 0.05 square meters. The
smaller area footprint can enable the robot 100 to be easily stored when it is not
being operated and to more easily transit between rooms of an environment. If the
environment is cluttered, e.g., having many obstacles and having relatively small
traversable areas, the smaller area footprint of the robot 100 can enable the robot
100 to maneuver between and around the obstacles without contacting the
obstacles.

Referring to FIGS. 2C and 2D, the body 108 includes an opening 118
through which the image capture device 102 and the flexible member 106 extend
from within the body 108 to outside of the body 108 or retract from outside of the
body 108 to within the body 108. A distal portion 120 of the flexible member 106,
e.g., a distal end of the flexible member 106, is coupled to the image capture
device 102 such that movement of the distal portion 120 causes movement of the
image capture device 102. For example, the flexible member 106 is attached to a
housing 122 of the image capture device 102. The housing 122 is a rigid structure,
e.g., formed from a metal such as aluminum or steel or formed from a rigid
polymer such as a polycarbonate, acrylonitrile butadiene styrene, or nylon, that
supports the image capture device 102. The distal portion 120 of the flexible
member 106 is wrapped around an outer surface of a bottom portion 124 of the

housing 122 to attach the flexible member 106 to the housing 122.
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FIG. 2C illustrates the robot 100 with the image capture device 102 and the
flexible member 106 are in fully retracted positions. When the flexible member
106 and the image capture device 102 are in the fully retracted positions, a top
surface 119 of the image capture device 102 is substantially flush or entirely flush
with a top surface 121 of the body 108. For example, the image capture device 102
is positioned between 0 and 1 cm from the top surface 121 of the body 108, e.g.,
between 0 and 0.3 ¢m, 0.3 cm and 0.7 cm, or 0.7 cm and 1 ¢cm from the top surface
121 of the body 108, when the image capture device 102 is in the fully retracted
position. In addition, in the fully retracted position of the flexible member 106, an
image sensor of the image capture device 102 is positioned within the body 108
such that the image sensor cannot capture digital imagery of the environment 10.
The image capture device 102 can be placed into the fully retracted position, for
example, to provide privacy for human occupants of the environment 10. In some
examples, the image capture device 102 can be placed into the fully retracted
position to protect the image capture device 102 as the robot 100 traverses the
environment 10 or when the robot 100 is stored. In addition, the robot 100 has a
more compact profile when the image capture device 102 is fully retracted, thereby
enabling the robot 100 to be more easily stored.

FIG. 2D illustrates the robot 100 when the image capture device 102 and
the flexible member 106 are in fully protracted positions. The flexible member 106
and the image capture device 102 are movable along a longitudinal axis Al, e.g., a
vertical axis extending through the opening 118 from which the flexible member
106 is protracted. In some examples, a maximum height H3 of the flexible member
106 above the floor surface (shown in FIG. 2D) is between 0.5 and 2.5 meters,
e.g., between 0.5 and 1.5 meters, 1.0 and 2.0 meters, or 1.5 and 2.5 meters. The
maximum height H3 of the flexible member 106 corresponds to the maximum
height of the image capture device 102 in the fully protracted position. The body
108 of the robot 100 has a height H4 above the floor surface between 0.15 and 0.5
meters, e.g., between 0.15 and 0.3 meters, 0.15 and 0.4 meters, or 0.15 and 0.35
meters. The height H4 corresponds to the height of the image capture device 102 in
the fully retracted position. The height H4 of the body 108 is between 10 and 40%
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of the maximum height H3 of the flexible member 106, e.g., between 10 and 30%,
15 and 35%, or 20 and 40% of the maximum height H3.

Referring to FIG. 2E, the mast system 104 includes portions housed within
the body 108 that cooperate with one another to extend the flexible member 106
from the body 108 or retract the flexible member into the body 108. The mast
system 104 includes a spool assembly 200, a drive roller assembly 202, and one or
more compressing rollers 204a, 204b (collectively referred to as compressing
rollers 204). The flexible member 106 is routed through the body 108 of the robot
100 along an outer surface of the drive roller assembly 202, along outer surfaces of
the one or more compressing rollers 204, and along an outer surface of the spool
assembly 200. In addition, an interface cable 138 (e.g., a ribbon cable as shown in
FIG. 3B) is also routed through the body 108 of the robot 100 and can be coiled
about the spool assembly 200, e.g., separately from the flexible member 106. The
mast system 104 is further described with respect to FIGS. 5A, 5B, 6A-6D, and
7A-7C.

Referring back to FIG. 1B, the mast system 104 coils and uncoils the
flexible member 106 to retract or protract, respectively, the flexible member 106.
The distal portion 120 (shown in FIG. 2D) of the flexible member 106 and the
image capture device 102 are retracted into the body 108 as the flexible member
106 is coiled, and are protracted from the body 108 as the flexible member 106 is
uncoiled. A lengthwise section of the flexible member 106 is capable of being
coiled within the body 108 when the section of the flexible member 106 is in a
flattened configuration. When the lengthwise section of the flexible member 106 is
uncoiled, the lengthwise section is transitioned from the flattened configuration to
a curled configuration.

FIG. 3A shows a cross-section of a lengthwise section of the flexible
member 106 along section lines 3A-3 A in FIG. 1D according to some
implementations. The lengthwise section of the flexible member 106 is in the
flattened configuration. As shown in FIG. 3A, the flexible member 106 is
generally a heterogeneous layered structure, including multiple distinct layers

having different material properties. The flexible member 106 includes an outer
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layer 128 laminated on an inner layer 130. The outer layer 128 is formed of a
textile or cloth, such as a nylon, an acrylic, a canvas, or a polyester fabric.
Alternatively, the outer layer 128 is formed of a rubber or rubber-like material
such as, for example, neoprene or polychloroprene. The inner layer 130 is formed
of a polymer, such as polycarbonate, polypropylene, or polyethylene. The outer
layer 128 is less rigid than the inner layer 130.

In some examples, the outer layer 128 has a thickness T1 between 0.1 and
1 mm, e.g., between 0.1 and 0.8 mm, 0.2 and 0.9 mm, or 0.3 mm and 1 mm. The
inner layer 130 has a thickness T2 between 0.1 and 1 mm, e.g., between 0.1 and
0.8 mm, 0.2 and 0.9 mm, or 0.3 mm and 1 mm. The overall thickness of the
flexible material 106, e.g., the sum of the thicknesses T1 and T2, is between 0.2
and 2 mm, e.g., between 0.2 and 1.6 mm, 0.4 and 1.8 mm, or 0.6 mm and 2 mm.
The thickness T1 of the outer layer 128 is between 30% and 70% of the overall
thickness of the flexible member 106, e.g., between 35% and 65%, 40% and 60%,
or 45% and 55% of the overall thickness of the flexible member 106. The
thickness T2 of the inner layer 130 is between 30% and 70% of the overall
thickness of the flexible member 106, e.g., between 35% and 65%, 40% and 60%,
or 45% and 55% of the overall thickness of the flexible member 106.

The section of the flexible member 106 is substantially flat in the flattened
configuration. For example, a flatness of the flexible member 106 is between 0.1
and 1 mm, e.g., between 0.1 mm and .5 mm or .5 mm and 1 mm. To shape a
lengthwise section of the flexible member 106 into the curled configuration, a first
lateral edge 132a of the outer layer 128, e.g., corresponding to a first lateral edge
of the flexible member 106, and a second lateral edge 132b of the outer layer 128,
e.g., corresponding to a second lateral edge of the flexible member 106 are brought
together and affixed or fastened to one another. This causes the section of the
flexible member 106 to be curled around the longitudinal axis Al (shown in FIGS.
2C and 2D). The robot 100 includes a fastener for affixing or fastening the first
and second lateral edges 132a, 132b together when the lengthwise section is curled
about the longitudinal axis Al. For example, the fastener includes multiple distinct

portions, with one portion being attached to the first lateral edge 132a and another

-12-



10

15

20

25

30

WO 2018/231271 PCT/US2017/059086

portion being attached to the second lateral edge 132b. The outer layer 128
includes a fastener portion 134a attached to the first lateral edge 132a and a
fastener portion 134b attached to the second lateral edge 132b. The fastener
portion 134a extends along a length of the first lateral edge 132a, and the fastener
portion 134b extends along a length of the second lateral edge 132b.

In some implementations, the fastener portions 134a, 134b form a zipper
mechanism. In some examples, the zipper mechanism corresponds to a zipper
mechanism for connecting garments, fabrics, and other flexible textile materials.
The zipper mechanism is a standard intermeshed zipper. The zipper mechanism
includes interlocking clasps arranged on both of the lateral edges 132a, 132b. The
fastener portion 134a corresponds to one of the sets of clasps of the zipper
mechanism, and the fastener portion 134b corresponds to the other of the sets of
clasps of the zipper mechanism. The fastener portions 134a, 134b are configured to
be interlocked to connect the lateral edges 132a, 132b to one another.

Alternatively, the zipper mechanism corresponds to a zipper mechanism for
connecting plastic materials. The zipper mechanism includes interlocking plastic
material for connecting the lateral edges 132a, 132b. The zipper mechanism
includes a first portion that press-fits into a second portion, the first portion
corresponding to one of the fastener portions 134a, 134b and the second portion
corresponding to the other of the fastener portions 134a, 134b. In some examples
of such zipper mechanisms, the zipper mechanism includes a ridge (e.g., the
fastener portion 134a) along one of the lateral edges 132a, 132b and a cavity (e.g.,
the fastener portion 134b) along the other of the lateral edges 132a, 132b. The
lateral edges 132a, 132b are connected to one another when the cavity receives the
ridge and thereby forms a press-fit connection with the ridge.

Alternatively, the fastener portions 134a, 134b are affixed or fastened to
one another through a hook-and-loop mechanism, with one of the fastener portions
134a, 134b including hook-engageable material and the other of the fastener
portions 134a, 134b including hooks. In some implementations, the fastener
portions 134a, 134b include magnetically attractive material. The fastener portions

134a, 134b are magnetically attracted to one another and thus join the lateral edges
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132a, 132b when the fastener portions 134a, 134b are brought in close proximity to
one another.

FIG. 3B shows a cross-section of the flexible member 106 and components
enclosed within the flexible member 106 along section lines 3B-3B in FIG. 1D.
The flexible member 106 is in the curled configuration. In the curled
configuration, the flexible member 106 is curled around the longitudinal axis Al
(shown in FIGS. 2C and 2D) and forms a conduit 136 around a portion the cable
138 (illustrated in FIG. 3B as a cross section of the cable).

The cable 138 provides an interface between the controller 114 and the
image capture device 102. For example, the cable 138 electrically connects the
image capture device 102 to the controller 114 of the robot. In some
implementations, the cable 138 includes a data communication cable such that data
indicative of the imagery captured by the image capture device 102 is transmittable
to the controller 114 and such that the controller 114 can transmit control signals to
operate the image capture device 102. In some implementations, the cable 138
further includes a power cable that enables power from a power source of the robot
100 to be delivered to the image capture device 102. Referring briefly to FIG. 2D,
when the image capture device 102 is protracted from the body 108, the cable 138
extends along at least a length of the protracted section of the flexible member 106,
e.g., the length of the flexible member 106 between the body 108 and the image
capture device 102. The cable 138 thus provides electrical communication between
the image capture device 102 and the controller 114 to enable control of the image
capture device 102 as the image capture device 102 is protracted from the body
108.

FIG. 4 shows multiple lengthwise sections 140a, 140b, 140c¢ of the flexible
member 106 illustrating the transition from the flattened configuration to the
curled configuration (and vice versa). The lengthwise sections 140a, 140b, 140c
are positioned along the longitudinal axis A1. Only portions of the section 140a
and the section 140c are visible. The section 140a is arranged in the curled
configuration, and the section 140c is arranged in the flattened configuration. The

section 140a extends at least from the distal portion 120 (shown in FIG. 2D) to
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proximate the body 108. The section 140a, in the curled configuration, surrounds a
portion of the cable 138 extending out of the body 108, e.g., due to protraction of
the image capture device 102 out of the body 108.

The fastener portion 134a is connected to the fastener portion 134b along
the section 140a to form the conduit 136. This thereby connects the first and
second lateral edges 132a, 132b along the section 140a as the flexible member 106
is uncoiled. When the first and second lateral edges 132a, 132b along the section
140a of the flexible member 106 are connected to one another, due to the rigidity
of the inner layer 130, the inner layer 130 radially supports the outer layer 128
along the section 140a of the flexible member 106. This allows the conduit 136 to
be substantially cylindrical along the length of the section, e.g., along the length of
the protracted section of the flexible member 106. For example, the conduit 136 is
substantially cylindrical between the body 108 and the image capture device 102.
As a result, in this curled configuration, the flexible member 106 is rigid and
capable of supporting the image capture device 102 above the body 108 of the
robot 100 without collapsing or buckling when the distal portion 120 and the
image capture device 102 are moved away from the body along the longitudinal
axis Al (shown in FIGS. 2C and 2D). In particular, the flexible member 106 has a
buckling strength in the curled configuration higher than a buckling strength in the
flattened configuration. In some implementations, the wall thickness of the flexible
member 106 is enlarged without an increase in diameter of the curled formation of
the extended flexible member 106, thereby increasing resistance to buckling under
an increased weight of a payload atop the flexible member 106. In some
implementations, the payload is the image capture device 102, and in other
implementations, the payload may be larger, heavier payloads, such as, for
example, a wireless router, a router repeater, a wirelessly connected audio media
device, or a tablet and/or telephony device. For example, the ratio of wall
thickness to diameter of the extended, curled flexible member 106 may be at or
between 1:5 and 1:20, e.g., between 1:7 and 1:18, 1:8 and 1:16 and 1:9 and 1:14.

The section 140c of the flexible member 106, in the flattened configuration,

is flattened so that it can be coiled within the body 108. As described herein, a
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lengthwise section of the flexible member 106 can be unfurled and transitioned
from a curled configuration to a flattened configuration. The section 140b of the
flexible member 106 is in a transition state between the curled configuration and
the flattened configuration in which the section 140b of the flexible member 106 is
curled about the longitudinal axis Al but has a smaller curvature than the section
140a of the flexible member 106 and a larger curvature than the section 140c of the
flexible member 106. The curvature of the section 140b decreases from its end
connected to the section 140a to its end connected to the section 140c. In this
regard, the portion of the section 140b closer to the section 140a is flatter than the
portion of the section 140b closer to the section 140c. If the flexible member 106 is
uncoiled, at least a portion of the section 140b is transitioned to the curled
configuration. If the flexible member 106 is coiled, at least a portion of the section
140b is transitioned to the flattened configuration.

In some examples, the conduit 136 has a diameter D1 between 0.5 cm and
2.5cm, e.g., between 0.5 and 2 cm, 0.75 and 1.5 ¢cm, or 1 and 1.25 cm. In this
regard, a circumference of the conduit 136 is between 3.14 cm and 15.7 cm, e.g.,
between 4 and 15 cm, 4.5 and 12 ¢cm, or 5 and 10 cm. The circumference of the
conduit 136 is defined by the sum of a width W1 of the flexible member 106 and
the widths of the fastener portions 134a, 134b when the fastener portions 134a,
134b are connected to one another. The width W1 of the flexible member 106 is
between 60 and 120 mm, e.g., between 70 and 110 mm, 80 and 100 mm, or 90 and
100 mm.

FIGS. 5A and 5B illustrate an example of a mechanism of the mast system
104 to coil the flexible member 106 while unfastening the lateral edges 132a, 132b
of the flexible member 106 or to uncoil the flexible member 106 while fastening
the lateral edges 132a, 132b of the flexible member 106. The mast system 104
includes a fastening and unfastening device 201 positioned below a top surface of
the body 108, e.g., the top surface 121 of the body 108 (shown in FIG. 2C). For
example, if the fastener is a zipper mechanism, the device 201 is configured to
engage the first fastener portion 134a and the second fastener portion 134b to zip

the fastener portion 134a, 134b, thereby connecting the lateral edges 132a, 132b of

-16-

PCT/US2017/059086



10

15

20

25

30

WO 2018/231271 PCT/US2017/059086

the flexible member 106. The device 201 causes, one-by-one, clasps of the first
fastener portion 134a to be engaged to clasps of the second fastener portion 134b.
In some implementations, the device 201 is a passive device. For example, the
device 201 is stationary and passively engaged to the flexible member 106 as the
flexible member 106 moves along the device 201. For example, in some
implementations, the first and second fastener portions 134a, 134b are the toothed
sides of a zipper and the device 201 is a stationary protrusion holding the zipper
slider within the body of the robot 100 so that the teeth enmesh and unzip as the
flexible member 106 extends and protracts (e.g., furls and unfurls). Alternatively
or additionally, the device 201 is an active device. For example, the device 201
includes an actuator configured to actuate the device 201. The controller 114 is
configured to control the actuator to engage the first and second fastener portions
134a, 134b such that the first and second fastener portions 134a, 134b are
connected to one another.

The device 201 is configured to connect the first fastener portion 134a with
the second fastener portion 134b to form the conduit 136 when the distal portion
120 of the flexible member 106 and the image capture device 102 (not shown in
FIG. 5A but shown in FIG. 5B) are extended away from the body 108. When a
portion of the flexible member 106 is protracted from the body 108, the device 201
connects the first and second fastener portions 134a, 134b at least along a length of
the protracted portion of the flexible member 106. The device 201 is also
configured to disconnect the first fastener portion 134a with the second fastener
portion 134b when the distal portion 120 and the image capture device 102 are
retracted toward the body 108. When a portion of the flexible member 106 is
retracted into the body 108, the device 201 disconnects the first and second
fastener portions 134a, 134b at least along a length of the retracted portion of the
flexible member 106.

The mast system 104 includes a ramp 203 shaped to facilitate transition of
a section of the flexible member 106 from a flattened configuration to a curled
configuration when the distal portion 120 is extended from the body 108 or from a

curled configuration to a flattened configuration when the distal portion 120 is
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retracted toward the body 108. The ramp 203 is a rigid structure that shapes the
flexible member 106 as the flexible member 106 passes over the ramp 203. The
ramp 203 extends away from the drive roller assembly 202 from a first end 205a
proximate the drive roller assembly 202 to a second end 205b proximate a location
on the body 108 through which the flexible member 106 is movable to an exterior
of the body 108, e.g., proximate the opening 118. Tension in the flexible member
106 tends to draw the flexible member 106 against the ramp 203. The ramp 203
encourages the flexible member 106 to curl into the curled configuration as the
flexible member 106 is extended from the body 108, and encourages the flexible
member 106 to flatten into the flattened configuration as the flexible member 106
is retracted into the body 108. The ramp 203 is configured to contact the flexible
member 106 to inhibit the flexible member 106 from buckling and to control the
curvature of the flexible member 106 as the flexible member 106 is moved along
the ramp 203. In this regard, a curvature of the ramp 203 increases along a length
of the ramp 203 from the first end 205a toward the second end 205b of the ramp
203.

In addition, the ramp 203 serves to separate the flexible member 106 from
the cable 138. The cable 138 is separated from the flexible member 106 at a
location above the ramp 203. As a result, the flexible member 106 follows a path
from the opening 118 to the spool assembly 200 distinct from a path of the flexible
member 106 from the opening 118 to the spool assembly 200. The path for the
flexible member 106 extends from the opening 118 (shown in FIG. 2C), along the
ramp 203, the drive roller assembly 202, and the compressing rollers 204, and to
the spool assembly 200. The path for the cable 138 extends from the opening 118
directly to the spool assembly 200, e.g., above the ramp 203. As a result, the cable
138 can be separately spooled from the flexible member 106 on the spool assembly
200, thereby preventing the cable 138 and the 106 from becoming entangled.

The robot 100 includes a rigid nest 211 positioned within the body 108 of
the robot 100 to receive the image capture device 102. In particular, the rigid nest
211 receives the image capture device 102 when the image capture device 102 is in

the fully retracted position. The rigid nest 211 defines the fully retracted position
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of the image capture device 102 by inhibiting further retraction of the image
capture device 102.

Referring also to FIG. 6A, the cable 138 is coiled when the flexible
member 106 is coiled about the spool assembly 200, and is uncoiled when the
flexible member 106 is uncoiled from the spool assembly 200. Referring to FIGS.
6B and 6C, the flexible member 106 and the cable 138 are separately spooled
about the spool assembly 200, with the flexible member 106 being coiled about an
outer portion of the spool assembly 200 and the cable 138 being coiled about an
inner portion of the spool assembly 200. The flexible member 106 is coiled about
an outer spool 206, and the cable 138 is coiled about an inner spool 208. The inner
spool 208 is telescoped within the outer spool 206. The inner spool 208 and the
outer spool 206 are concentric. For example, a central axis of the outer spool 206 is
coincident with a central axis of the inner spool 208. These central axes correspond
to a rotational axis A2 of the spool assembly 200.

An outer surface of the outer spool 206 about which the flexible member
106 is coiled has a diameter D2 (shown in FIG. 6D) between 40 and 80 mm, e.g.,
between 45 mm and 75 mm, 50 and 70 mm, or 55 and 65 mm. An outer surface of
the inner spool 208 about which the cable 138 is coiled has a diameter D3 (shown
in FIG. 6D) between 5 and 30 mm, e.g., between 5 and 20 mm, 10 and 25 mm, or
15 and 30 mm. The diameter D3 is between 10% and 50% of the diameter D2, e.g.,
between 10% and 35%, 15% and 40%, 20% and 45%, or 25% and 50% of the
diameter D1.

The cable 138 is routed through an opening 210 (shown in FIG. 6A) along
the outer spool 206. The opening 210 provides the cable 138 with access to an
interior of the spool assembly 200 where the inner spool 208 is located. For
example, the opening 210 is a slit on the outer spool 206 extending parallel to the
rotational axis A2. The cable 138 extends through the opening 210 to engage the
inner spool 208.

The inner spool 208 is fixed to the body 108 of the robot 100. The spool
assembly 200 includes a spring assembly 212. The spring assembly 212 includes a

spring 216 positioned within a housing 218 fixed to a mounting device 214 fixed
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to the body 108 (not shown) of the robot 100. In some examples, the spring 216 is
a clock spring or other spring that is energized in response to rotation. The spring
216 has a first end coupled to the housing 218 or the mounting device 214 and a
second end coupled to a drive axle 217.

The drive axle 217 is rotatable relative to the inner spool 208 and is
rotationally coupled to the outer spool 206. As a result, the spring 216 is arranged
to bias the drive axle 217, cause rotation of the drive axle 217, and thereby cause
rotation of the outer spool 206. The spring 216 is also configured to be tensioned
in response to rotation of the drive axle 217. The drive axle 217 has a first end
rotatably coupled to the spring assembly 212 and a second end rotatably coupled to
the inner spool 208. The outer spool 206 is rotationally coupled to the drive axle
217 at a center portion of the drive axle 217. As a result, the spring 216 is
tensioned when the outer spool 206 is rotated in a first direction and is configured
to rotate the outer spool 206 in a second direction when the spring 216 is released.
During protraction, the outer spool 206 rotates relative to the inner spool 208 in the
first direction to feed out the flexible member 106. During retraction, the outer
spool 206 rotates relative to the inner spool 208 in the second direction to draw in
the flexible member 106 and wind the flexible member 106 about the outer spool
206.

Referring to FIG. 6D, the cable 138 is contained within the outer spool 206
when coiled within the body 108 (not shown). During protraction, the cable 138 is
fed out of the outer spool 206 through rotation of the outer spool 206 as an inner
surface 220 of the outer spool 206 contacts the cable 138. This contact ensures that
the cable 138 is driven by rotation of the outer spool 206. During retraction, the
cable 138 is drawn into the outer spool 206 through rotation of the outer spool 206
and is wound about the inner spool 208 due to contact between the cable 138 and
the inner surface 220 of the outer spool 206.

The cable 138 and the flexible member 106 are attached to the spool
assembly 200 such that a tension in the flexible member 106 is greater than a
tension in the cable 138. For example, the cable 138 is slack while the flexible

member 106 is taut. By being slack, the cable 138 can be less prone to damage
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when the flexible member 106 is protracted and retracted. When the flexible
member 106 and the cable 138 are coiled about the spool assembly 200, the
flexible member 106 is wound more tightly around the outer spool 206 than the
cable 138 is wound about the inner spool 208. In some examples, the cable 138,
when coiled about the inner spool 208, is arranged around the inner spool 208 such
that the cable 138 follows a path along the inner surface 220 of the outer spool 206
facing the inner spool 208. Slack in the cable 138 can cause the cable 138 to be
biased radially outward from the inner spool 208. As a result, the cable 138
contacts the inner surface 220 of the outer spool 206 when the cable 138 is coiled
about the inner spool 208. This contact can provide friction between the outer
spool 206 and the cable 138 so that rotation of the outer spool 206 causes the cable
138 to be coiled or uncoiled.

Referring to FIG. 7A, the drive roller assembly 202 includes a drive roller
221 rotatable to coil or uncoil the flexible member 106 and the cable 138.
Referring to FIGS. 7B and 7C, the drive roller assembly 202 includes a motor 222
operable to rotate the drive roller 221. The motor 222 is positioned within drive
roller 221. This can reduce the amount of space in the body 108 required for
housing the drive roller assembly 202. The drive roller assembly 202 further
includes a motor mount 224 positioned on one end of the drive roller 221. The
motor mount 224 is configured to mount the motor 222 to the body 108 of the
robot 100. The drive roller assembly 202 also includes a bearing 226 positioned on
the motor mount 224 to allow for rotation between the drive roller 221 and the
motor mount 224. A drive coupler 228 of the drive roller assembly 202 couples a
shaft 230 of the motor 222 to the drive roller 221. The drive coupler 228 thus
enables rotation of the motor shaft 230 to cause rotation of drive roller 221.

The motor 222 is operably connected to the controller 114 so that the
controller 114 can control rotation of the motor 222 and thereby control a height of
the image capture device 102. In particular, the controller 114 operates the motor
222 to control an amount of the flexible member 106 that is protracted from the
body 108 of the robot 100. The protracted amount defines the height of the image

capture device 102 above the floor surface.
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The motor 222 is configured to be driven to rotate the motor shaft 230 and
hence the drive roller 221 is in a first direction, e.g., clockwise in the perspective
as shown in FIG. 5B, to cause the flexible member 106 and the cable 138 to be
uncoiled from the spool assembly 200. The compressing rollers 204 compress a
portion of the flexible member 106 against the drive roller 221 to maintain contact
between the flexible member 106 and an outer surface 232 of the drive roller 221
when the drive roller 221 is rotated. The compressing rollers 204 provide a normal
force on the flexible member 106 against the drive roller 221, thereby providing
friction between the flexible member 106 and the drive roller 221. This ensures
that rotation of the drive roller 221 applies a force to the flexible member 106 to
uncoil the flexible member 106 from the spool assembly 200. The force generates
tension in the flexible member 106 that drives the spool assembly 200 to rotate and
thereby release spooled portions of the flexible member 106.

The motor 222 is also configured to be driven to rotate the motor shaft 230
and hence the drive roller 221 in a second direction, e.g., counterclockwise in the
perspective as shown in FIG. 5B, to cause the flexible member 106 and the cable
138 to be coiled about the spool assembly 200. Rotation of the drive roller 221
applies a force to a portion of the flexible member 106 that moves the portion of
the flexible member 106 toward the spool assembly 200. The drive roller 221 feeds
the portion of the flexible member 106 to the spool assembly 200. The spring 216
rotates the spool assembly 200 to draw in the portion of the flexible member 106
as the drive roller 221 feeds the portion of the flexible member 106 to the spool
assembly 200. In this regard, the spring 216 allows for a non-motorized way of
rotating the spool assembly 200.

To control the height to which the distal portion 120 of the flexible member
106 is extended, the robot 100 can monitor the position of the flexible member 106
during retraction and protraction of the flexible member 106. The robot 100
includes a sensor to detect motion of the flexible member 106 as the flexible
member 106 is coiled and uncoiled. The controller 114 is configured to determine
a length of an uncoiled portion or a length of a coiled portion of the flexible

member 106 based on the motion of the flexible member 106 detected by the
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sensor. For example, an encoder associated with the motor 222 measures the
amount of the flexible member 106 fed out of or drawn into the spool assembly
200. Alternatively or additionally, the sensor includes an optical sensor 209
(shown in FIG. 5B) positioned to detect motion of the flexible member 106 as the
flexible member 106 is fed out of the body 108 or drawn into the body 108. The
optical sensor 209 is an optical motion sensor that tracks cumulative motions of the
flexible member 106. The controller 114 is configured to determine the height of
the distal portion 120 of the flexible member 106 based on this tracked motion.

A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made.

For example, in some implementations, the environment 10 includes one or
more enclosed spaces such as a set of multiple rooms or spaces defined by a
structure or a building, e.g., a home, a residential dwelling, a single family home, a
multi-family dwelling, a unit of a duplex, apartment, or condominium, a mobile
home, or a commercial living space, an office, a studio, a manufacturing plant, etc.

In some implementations, data indicative of the digital imagery generated
by the image capture device 102 is transmitted to a remote computing device. The
remote computing device, in some cases, includes a display to present the digital
imagery to a user so that the user can monitor an object captured in the digital
imagery. Alternatively or additionally, data representing the captured images
and/or detected conditions are transmitted to a network, e.g., the Internet. The data
are accessible by a user terminal through a portal on the network. The user
terminal is operable to present views of the enclosure space formed from imagery
captured by the robot from multiple locations and directions. The views include
views of the enclosure space from multiple vantage points to provide the user with
a visual representation of surroundings of the robot within the enclosure space.

The flexible member 106 is described as being movable vertically away
from the body 108 of the robot 100. In some implementations, the flexible member
106 is movable both vertically and horizontally away from the body 108 of the
robot 100. In this regard, rather than moving only along a vertical axis away from

the floor surface 20, the image capture device 102 moves along an axis at a non-
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perpendicular angle relative to the floor surface 20. In some implementations,
rather than moving vertically away from the body 108 of the robot 100, the image
capture device 102 is moved horizontally away from the body 108 of the robot
100. This type of movement allows the image capture device 102 to be
repositioned to capture imagery in areas that the robot 100 cannot reach through
movement along the floor surface 20, e.g., under furniture, around corners, etc.

The fastener portions 134a, 134b are described as being attached to the
outer layer 128. In some implementations, the fastener portions 134a, 134b are
integral to the outer layer 128. The fastener portions 134a, 134b are formed from
the same material that forms the outer layer 128. For example, if the outer layer
128 is formed from a flexible polymer, the fastener portions 134a, 134b
correspond to, in some cases, plastic features that, when mated with one another,
connect lateral ends of the outer layer 128.

Alternatively or additionally, while both an inner layer 130 and an outer
layer 128 are described, in some implementations, only one of the outer layer 128
and the inner layer 130 is present. In such cases, the flexible member 106 includes
a single layer configured to be curled about the longitudinal axis and configured to
support the image capture device 102. In addition, the single layer includes, in
some cases, integral fastener portions 134a, 134b.

While the cable 138 is described as a ribbon cable, in some
implementations, rather than a single electronics cable extending between the body
108 and the image capture device 102, multiple cables are present. For example,
the robot 100 includes a data communication cable separate from a power delivery
cable. The data communication cable and the power delivery cable are spooled
about a single spool, e.g, the inner spool 208. Alternatively, the data
communication cable and the power delivery cable are each spooled about its own
distinct spool, e.g., positioned within the outer spool 206.

While the image capture device 102 is described to be supported by the
distal portion 120 of the flexible member 106, in some implementations, another
sensor is supported by the distal portion 120. The sensor provides a measurement

that varies with location within the environment 10, e.g., varying with height and
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floor surface location. For example, the sensor includes one or more of a
temperature sensor that measures a temperature within the environment 10, a
moisture sensor that measures a moisture content of the environment 10, a pressure
sensor such a barometer that measures a barometric pressure of the environment
10, an air quality sensor that measures an air quality of the environment 10, or a
light sensor to detect ambient light in the environment 10.

In some implementations, rather than or in addition to including a sensor,
the distal portion 120 of the flexible member 106 includes a mechanical end
effector, such as a gripper, a suction cup, a rotatable member, or other end effector.
The end effector is controllable by the controller 114 to perform an operation in
the environment 10 in which the end effector interacts with an object in the
environment 10. For example, if the mechanical end effector is a gripper, the end
effector is operable to grasp an object, and the robot 100 is movable to reposition
the grasped object in the environment 10.

While the cable 138 is described as an electrical cable, in some
implementations, the cable 138 enables transmission of data or power through
another medium. For example, cable 138 can be an optical cable that enables
transmission of an optical signal indicative of data to be transmitted from the
image capture device 102 to the controller 114.

Alternatively or additionally, the image capture device 102 is electrically
isolated from the controller 114, and the cable 138 is absent. The image capture
device 102 is powered by a battery supported by the distal portion 120 of the
flexible member 106 and communicates data wirelessly to the controller 114. The
image capture device 102 is operated by the controller 114 by receiving wireless
command signals from the controller 114. In this regard, only the flexible member
106 is spooled about the spool assembly 200. Such examples can simplify the mast
system 104, as only a single member, e.g., the flexible member 106, rather than
multiple members, e.g., the flexible member 106 and the cable 138, is coiled and
uncoiled to move the image capture device 102 vertically.

While two compressing rollers 204a, 204b are shown, in some

implementations, a single compressing roller is present. For example, the
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compressing roller 204a proximate the ramp 203 is present while the compressing
roller 204b is absent. This can further reduce the amount of space occupied by the
mast system 104. Alternatively or additionally, two or more compressing rollers
are used to compress the flexible member 106 against the drive roller assembly
202.

While a single spool assembly 200 is described and shown, in some
implementations, the mast system 104 includes two or more distinct spool
assemblies. For example, rather than being telescoped within the spool 206, the
spool 208 is separate from the spool 206 and positioned outside of the spool 206.
Corresponding springs, e.g., similar to the spring 216, are coupled to the spools
206, 208.

In addition, while the cable 138 and the flexible member 106 are described
as being coiled about spools within the robot 100, in some implementations, the
cable 138 or the flexible member 106 is stored in another configuration within the
robot 100. For example, the flexible member 106 or the cable 138 is folded within
a confined space in the body 108 of the robot 100.

While the spring 216 is described as providing torque to drive the spool
assembly 200 for retraction of the flexible member 106 and the cable 138, in some
implementations, another energy source is used to provide the torque. For
example, the robot 100 includes another motor distinct from the motor 222. This
other motor is configured to drive the outer spool 206 of the spool assembly 200 so
that the outer spool 206 is rotated during retraction of the flexible member 106.
Alternatively, the motor 222 is connected through a transmission system to the
spool assembly 200. In this regard, the motor 222, when driven, causes rotation of
the both the drive roller 202 and the outer spool 206.

While described as being usable with an autonomous mobile robot, in some
implementations, the mast system 104 is usable with other devices in which a
portion of the device is protractible or retractable. For example, in some
implementations, the mast system 104 is part of a stationary support system for an
image capture device, such as a tripod or monopod. In some implementations, the

mast system 104 is part of a stationary image capture system mounted to the
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environment 10, e.g., for a home security system or commercial security system. In
some implementations, the payload is a device other than an image capture device.
For example, the mast system 104 may raise and lower devices during use and
non-use states. For example, the mast system 104 may be part of a mobile or
stationary apparatus or system that raises and lowers a wireless router or router
repeater dynamically to improve signal strength within an environment when and
where weaknesses are detected. In some implementations, the mast system 104
may be a stand-alone system for providing a retractable, protractable support mast
for a payload.

The robots described herein can be controlled, at least in part, using one or
more computer program products, €.g., one or more computer programs tangibly
embodied in one or more information carriers, such as one or more non-transitory
machine-readable media, for execution by, or to control the operation of, one or
more data processing apparatus, e.g., a programmable processor, a computer,
multiple computers, and/or programmable logic components.

Operations associated with controlling the robots described herein can be
performed by one or more programmable processors executing one or more
computer programs to perform the functions described herein. A computer
program can be written in any form of programming language, including compiled
or interpreted languages, and it can be deployed in any form, including as a stand-
alone program or as a module, component, subroutine, or other unit suitable for
use in a computing environment. Control over all or part of the robots described
herein can be implemented using special purpose logic circuitry, e.g., an FPGA
(field programmable gate array) and/or an ASIC (application-specific integrated
circuit).

The controllers described herein can include one or more processors.
Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access storage area

or both. Elements of a computer include one or more processors for executing
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instructions and one or more storage area devices for storing instructions and data.
Generally, a computer will also include, or be operatively coupled to receive data
from, or transfer data to, or both, one or more machine-readable storage media,
such as mass PCBs for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. Machine-readable storage media suitable for embodying computer
program instructions and data include all forms of non-volatile storage area,
including by way of example, semiconductor storage area devices, e.g., EPROM,
EEPROM, and flash storage area devices; magnetic disks, e.g., internal hard disks
or removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks.

Accordingly, other implementations are within the scope of the claims.
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WHAT IS CLAIMED IS:

1. An autonomous mobile robot comprising:

a body;

a drive configured to maneuver the body across a floor surface;

an image capture device;

an interface cable connecting the image capture device to a controller of the
robot, the interface cable being configured to be retractably spooled within the
body; and

an elongate flexible member having a portion coupled to the image capture
device and being configured to be at least partially coiled within the body of the
robot, the portion of the flexible member being vertically movable with the image
capture device away from the body when the flexible member is being uncoiled
and extended along a longitudinal axis,

wherein the flexible member is configured to form a conduit around a
portion of the interface cable between the body and the image capture device and
to support the image capture device above the body of the robot when the portion

of the flexible member and the image capture device move away from the body.

2. The robot of claim 1, wherein:

the flexible member comprises a section having a first lateral end and a
second lateral end, and

the section of the flexible member is configured such that a distance
between the first lateral end and the second lateral end when the section of the
flexible member is coiled is larger than a distance between the first lateral end and

the second lateral end when the section of the flexible member is uncoiled.

3. The robot of claim 1, wherein the flexible member is configured to
be substantially flat when coiled within the body, and
be curled about the longitudinal axis to form the conduit when uncoiled and

vertically extended from the body.
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4. The robot of claim 1, wherein a top surface of the image capture
device is configured to be flush with a top surface of the body when the flexible

member and image capture device are retracted within the body.

5. The robot of claim 1, wherein:

the flexible member comprises a first lateral edge configured to be fastened
to a second lateral edge of the flexible member to form the conduit around the
portion of the interface cable, and

the interface cable and the flexible member are configured to be separately
spooled within the body when the first lateral end of the flexible member is

unfastened from the second lateral end of the flexible member.

6. The robot of claim 1, wherein:

the flexible member comprises a first lateral edge and a second lateral edge,

the robot further comprises a fastener having a first portion extending along
a length of the first lateral edge and a second portion extending along a length of
the second lateral edge, and

the fastener is configured to

connect the first lateral edge to the second lateral edge to form the conduit
around the portion of the interface cable when the flexible member is being
uncoiled, and

disconnect the first lateral edge from the second lateral edge when the

flexible member is being coiled within the body.

7. The robot of claim 6, wherein the fastener comprises a zipper, a

hook-and-loop fastener, or a magnetic fastener.

8. The robot of claim 6, further comprising a fastening and
unfastening device positioned below a top surface of the body, the fastening and

unfastening device being configured to
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connect the first portion of the fastener to the second portion of the fastener
such that the flexible member forms the conduit around the portion of the interface
cable when the image capture device moves vertically away from the body, and

disconnect the first portion of the fastener from the second portion of the

5 fastener when the portion of the flexible member is retracted toward the body.

9. The robot of claim 6, wherein the fastener is attached to an outer

cloth layer of the flexible member.

10 10. The robot of claim 1, further comprising a spool assembly having
an outer portion about which the flexible member is configured to be
coiled, and

an inner portion about which the interface cable is configured to be coiled.

15 11. The robot of claim 10, wherein:
the spool assembly defines a slit through the outer portion of the spool
assembly, and
the interface cable extends through the slit to engage the inner portion of
the spool assembly.
20
12. The robot of claim 10, wherein the interface cable is configured to
contact an inner surface of the outer portion of the spool assembly when the
interface cable is coiled about the inner portion of the spool assembly, the inner
surface of the outer portion facing the inner portion of the spool assembly.
25
13.  The robot of claim 1, further comprising a drive roller contacting
the flexible member, the drive roller being rotatable
in a first direction to cause the flexible member to be uncoiled and to move
vertically away from the body, and
30 in a second direction to cause the flexible member to be coiled and to cause

the portion of the flexible member to retract toward the body.
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14.  The robot of claim 13, further comprising a motor positioned within
the drive roller and between outer lateral ends of the drive roller, the motor being

configured to rotate the drive roller in the first direction or the second direction.

15. The robot of claim 13, further comprising a compressor roller
positioned to contact the flexible member to compress another portion of the

flexible member against the drive roller.

16. The robot of claim 13, further comprising a ramp extending away
from the drive roller from a first end proximate the drive roller to a second end
proximate a location on the body through which the flexible member is movable to
an exterior of the body, the ramp being configured to contact the flexible member

to inhibit the flexible member from buckling.

17. The robot of claim 1, wherein:

the portion of the flexible member is positioned proximate a first
longitudinal end of the flexible member, and another portion of the flexible
member is positioned proximate a second longitudinal end of the flexible member,
and

the robot further comprises a spring to apply tension to the flexible member

at the other portion of the flexible member.

18. The robot of claim 1, further comprising a sensor to detect motion
of the flexible member, wherein the controller is configured to determine a length
of an uncoiled portion or a length of a coiled portion of the flexible member based

on the detected motion of the flexible member.

19. The robot of claim 18, wherein the sensor comprises an encoder
operably connected to a motor to drive the flexible member away from the body of

the robot.
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20. The robot of claim 18, wherein the sensor comprises an optical

sensor to detect motion of the flexible member.

21. The robot of claim 1, wherein a height of the body of the robot
above the floor surface is between 0.15 and 0.35 meters, an area footprint of the
body of the robot is less than 0.5 meters, and the image capture device is movable

to a height above the floor surface between 0.5 and 2.5 meters.

22. The robot of claim 1, further comprising a rigid nest positioned
within the body of the robot, the rigid nest configured to receive the image capture

device when the image capture device is in a fully retracted position.

23. A protractible and retractable mast system for an autonomous
mobile robot, the mast system comprising:

an elongate flexible member comprising a first lateral end and a second
lateral end, the flexible member being configured to be at least partially coiled
within a body of the robot, a portion of the flexible member being vertically
movable away from the body when the flexible member is being uncoiled; and

a fastener having a first portion extending along a length of the first lateral
end and a second portion extending along a length of the second lateral end,

wherein the fastener is configured to

connect the first lateral end to the second lateral end when the flexible
member is being uncoiled, and

disconnect the first lateral end from the second lateral end when the

flexible member is being coiled.
24.  The mast system of claim 23, wherein:

the portion of the flexible member is positioned proximate a first

longitudinal end of the flexible member, and another portion of the flexible
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member is positioned proximate a second longitudinal end of the flexible member,
and
the mast system further comprises a spring to apply tension to the flexible

member at the other portion of the flexible member.

25. The mast system of claim 23, further comprising a drive roller
contacting the flexible member, the drive roller being rotatable

in a first direction to cause the portion of the flexible member to move
vertically away from the body and to cause the flexible member to be uncoiled,
and

in a second direction to cause the portion of the flexible member to retract

toward the body and to cause the flexible member to be coiled.

26. The mast system of claim 25, further comprising a motor positioned
within the drive roller and between outer lateral ends of the drive roller, the motor
being configured to rotate the drive roller in the first direction or the second

direction.

27. The mast system of claim 25, further comprising a compressor
roller positioned to contact the flexible member to compress another portion of the

flexible member against the drive roller.
28.  The mast system of claim 25, further comprising a ramp extending

away from the drive roller, the ramp being configured to contact the flexible

member to inhibit the flexible member from buckling.
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