woO 2022/015576 A1 |0 00000 KOO 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 January 2022 (20.01.2022)

(10) International Publication Number

WO 2022/015576 Al

WIPO I PCT

(51) International Patent Classification:

B60OL 50/60 (2019.01) B60L 53/65 (2019.01)
B60OL 50/64 (2019.01) B60L 53/66 (2019.01)
B60OL 53/30 (2019.01)

(21) International Application Number:
PCT/US2021/040924

(22) International Filing Date:
08 July 2021 (08.07.2021)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/051,843 14 July 2020 (14.07.2020) UsS

(71) Applicant: OMRON CORPORATION [JP/JP]; 801, Mi-
namifudodo-Cho, Horikawahigashiiru, Shiokoji-dori, Shi-
mogyo-Ku, Kyoto-Shi, Kyoto 600-8530 (JP).

(72) Inventors: FARR, Brian; 4225 Hacienda Drive, Pleasan-
ton, California 94588 (US). SHRUHAN, Andrew; 4225
Hacienda Drive, Pleasanton, California 94588 (US).
LABORDE, Christopher; 4225 Hacienda Drive, Pleasan-
ton, California 94588 (US).

Agent: ALTMAN, Daniel, E., KNOBBE, MARTENS,
OLSON & BEAR, LLP , 2040 Main Street , 14th Floor,
Irvine, California 92614 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

(54) Title: CHARGING OF BATTERIES FOR MOBILE ROBOTS

Mobile Robot 58 &8 —-\ 118 Charger 100
r Upper Teeth | essemmdis
L
Cuntroller $4% . I A . e
Connactor 804 (_—t Lower Teeth | effeemmos | | ower Contact Controller 128
Battery Pack J 1 Limit Swilch | | Reed Switchas
802b 58 120 1
] - Temparature N
Temp Resisior §44
Connector 24V Sensor 132 1sloraEs
L 2oy
Power Station 800
Powsr Bource Current Sensor|
Battery Pack 8023
l I Electronics
84z 838a
Cuntroller 834 Connecio
Vhatt N
ot SysECH 540 Battery Cal
2 g
Userémigriace 838b
4
connecior Battery Cell
| J

(57) Abstract: A power station can have a power supply and a connector that has at least one power contact for outputting power
from the power supply to charge a battery pack, a first auxiliary contact for delivering current to a load, and a second auxiliary contact
for receiving a voltage signal. A current sensor can measure the current delivered via the first auxiliary contact, A controller can be
configured to determine, based at least in part on the measured current and the received voltage signal, whether the load is a) a battery
pack inside a mobile robot that is electrically coupled to a charger, which is coupled to the power station via the connector; or b) a
battery pack coupled directly to the power station via the connector.

[Continued on next page]



WO 2022/015576 A | [I1I0 00000 00O O 00 0O

SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ,UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2022/015576 PCT/US2021/040924

CHARGING OF BATTERIES FOR MOBILE ROBOTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application No. 63/051,843, filed July 14, 2020, and titled CHARGING
OF BATTERIES FOR MOBILE ROBOTS. The entirety contents of each of the above-
identified application(s) are hereby incorporated by reference herein and made part of this
specification for all that they disclose

BACKGROUND

Field

[0002] This disclosure generally relates to mobile robots and charging stations,
and in particular to improved safety systems for engaging a charging station with a mobile
robot.

Related Art

[0003] Mobile robots are used in many different industries to automate tasks
typically performed by humans. Mobile robots can be autonomous or semi-autonomous and
designed to operate within a specified area and complete, or assist humans in the completion
of, industrial tasks. In one example, a mobile robot is a mobile robotic platform that can be
used in a warehouse or other industrial setting to move and arrange materials through
interaction with other cart accessories, robotic arms, conveyors and other robotic
implementations. Each mobile robot can include its own autonomous navigation system,
communication system, and drive components.

SUMMARY

[0004] Disclosed herein are example methods and systems for charging a mobile
robot. In one aspect, a method for charging a mobile robot includes advancing a mobile robot
towards a charger so that a protrusion of the charger inserts into a recess of the mobile robot.
The method includes advancing the mobile robot to move a shroud on the protrusion of the
charger from a closed position to an open position to expose one or more electrical contacts
on the protrusion. The shroud is biased toward the closed position. The method further
includes advancing the mobile robot so that one or more electrical contacts in the recess of

the mobile robot come into electrical connection with the one or more electrical contacts on
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the protrusion of the charger. The method includes advancing the mobile robot so that a
magnetic field produced by a magnet on the mobile robot turns on one or more reed switches
on the charger. The method further includes advancing the mobile robot to actuate a
momentary switch from an off position to an on position to activate the momentary switch,
wherein the momentary switch is biased toward the off position. The method includes
transmitting electrical signals between the mobile robot and the charger using the electrical
connection between the one or more electrical contacts of the mobile robot and the one or
more electrical contacts of the charger to perform an electrical handshake.

[0005] In response to the one or more reed switches turning on, the activation of
the momentary switch, and the electrical handshake being completed, the method includes
sending a charging current from the charger, through the electrical connection between the
one or more electrical contacts of the charger and the one or more electrical contacts of the
mobile robot, and to the mobile robot, for charging the mobile robot.

[0006] In another aspect, a charger for charging a mobile robot includes first and
second charger electrical contacts each configured to be in electrical connection with
corresponding first and second robot electrical contacts when the mobile robot engages the
charger. The charger further includes a shroud that is movable between a closed position and
an open position. The shroud is configured to cover the first and second charger electrical
contacts in the closed position and to expose the first and second charger electrical contacts
in the open position. The shroud is configured to be moved from the closed position to the
open position when the mobile robot engages the charger. The charger includes a biasing
structure for biasing the shroud toward the closed position. The charger further includes a
momentary switch that is movable between an off position and an on position. The
momentary switch is biased toward the off position and is configured to be moved from the
off position to the on position when the mobile robot engages the charger. The charger
includes one or more reed switches having an on configuration and an off configuration and
are configured to be turned to the on configuration by one or more magnets on the mobile
robot when the mobile robot engages the charger.

[0007] The charger is configured to enable charging through the first and second
charger electrical contacts when both the momentary switch is in the on position, and the one

or more reed switches are in the on configuration. The charger is further configured to
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disable charging through the first and second charger electrical contacts when either the
momentary switch is in the off position, or the one or more reed switches are in an off
configuration.

[0008] Various embodiments disclosed herein can relate to a power station, which
can include a power supply, and a connector that has at least one power contact for
outputting power from the power supply to charge a battery pack, a first auxiliary contact for
delivering current to a load, a second auxiliary contact for receiving a voltage signal. The
power station can include a current sensor for measuring the current delivered via the first
auxiliary contact. A controller can be configured to determine, based at least in part on the
measured current and the received voltage signal, whether the load is a) a battery pack inside
a mobile robot that is electrically coupled to a charger, which is coupled to the power station
via the connector, or b) a battery pack coupled directly to the power station via the connector.

[0009] The controller can be configured to monitor a temperature of the charger
via the voltage signal when the load is determined to be the battery pack inside the mobile
robot that is electrically coupled to the charger. The controller can be configured to monitor
a voltage of one or more battery cells of the battery pack via the voltage signal when the load
is determined to be the battery pack coupled directly to the power station. The power station
can be configured to stop outputting power when the monitored temperature is above a
threshold temperature. The power station can be configured to stop outputting power when
the voltage signal monitoring the voltage of the one or more battery cells indicates that the
battery has been disconnected from the power station.

[0010] The connector can have a third auxiliary contact for delivering another
current to the load. The connector can have a fourth auxiliary contact for receiving another
voltage signal. The current delivered by the first auxiliary contact and the current delivered
by the third auxiliary contact can have substantially the same voltage. The power station can
be configured to deliver the current to the load via the first auxiliary contact at a substantially
constant voltage.

[0011] The controller can be configured to determine that the battery pack inside
the mobile robot is electrically coupled to the charger, which is coupled to the power station
via the connector when the measured current is in a first current range and the received

voltage signal is in a first voltage range. The controller can be configured to determine that
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the battery pack is coupled directly to the power station via the connector when the measured
current is in a second current range and the received voltage signal is in a second voltage
range. The controller can be configured to determine that the load is a dead battery pack
when the measured current is in the second current range and the received voltage signal is
below a threshold voltage value or when no voltage signal is received. The controller can be
configured to determine that the load is a dead battery pack based at least in part on the
measured current and the received voltage signal.

[0012] A battery pack can include one or more battery cells, and a connector
coupled to the connector of the power station. The connector of the battery pack can include
at least one power contact for receiving power for charging the one or more battery cells, a
first auxiliary contact for receiving the current from the first auxiliary contact of the power
station connector, and a second auxiliary contact for delivering the voltage signal to the
second auxiliary contact of the power station connector. The second auxiliary contact can be
coupled to the one or more battery cells so that the voltage signal corresponds to a voltage of
the one or more battery cells.

[0013] The battery pack can include a switch between the at least one power
contact and the one or more battery cells. The switch can have a non-conductive
configuration that disconnects the at least one power contact from the one or more battery
cells. The switch can have a conductive configuration that electrically couples the at least
one power contact to the one or more battery cells for charging. The switch can include a
contactor, solenoid, or relay, or the like. The first auxiliary contact can be configured to
provide the current to the switch to put the switch in the conductive configuration to enable
charging of the one or more battery cells. The controller of the power station can be
configured to determine that the load is the battery pack coupled directly to the power station
when the measured current is within a current range, and the amount of the current provided
to put the switch in the conductive configuration can be within the current range. Other
embodiments can be used. For example the current can be provided to a resistor (or other
element) in the battery pack with a known resistance value, so as to produce an amount of
current that is in the current range.

[0014] The connector of the battery pack can include a third auxiliary contact for

receiving another current. The battery pack can be configured to operate battery pack
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electronics from the another current so that the battery pack can be recharged when the one
or more battery cells are substantially discharged. The connector of the battery pack can
include a fourth auxiliary contact for providing another voltage signal. The fourth auxiliary
contact can be coupled to the one or more battery cells so that the voltage signal corresponds
to another voltage associated with the one or more battery cells.

[0015] The charger can include a connector coupled to the connector of the power
station. The connector of the charger can include at least one power contact for receiving
power for delivery to the mobile robot, a first auxiliary contact for receiving the current from
the first auxiliary contact of the power station connector, and a second auxiliary contact for
delivering the voltage signal to the second auxiliary contact of the power station connector.

[0016] The charger can include a docking station configured to receive the mobile
robot. The charger can include a temperature sensor and the voltage signal can be indicative
of a temperature measured by the temperature sensor. The charger can include a third
auxiliary contact for receiving another current. The charger can be configured to use the
another current to operate one or more sensors for detecting whether the mobile robot is
docked with the charger. The charger can be configured to use the another current to operate
at least one momentary switch and/or at least one reed switch. The first auxiliary contact can
be connected in series with a resistance (e.g., a resistor with a known resistance) and the at
least one momentary switch and/or the at least one reed switch, so that when the at least one
momentary switch and/or the at least one reed switch is on the current is produced within a
current range. The controller of the power station can be configured to determine that the
load is the battery pack inside a mobile robot that is electrically coupled to the charger when
the measured current is within that current range. The charger connector can include a fourth
auxiliary contact for providing another voltage signal that is indicative of a charging voltage
provided from the charger to the mobile robot. The system can include the mobile robot
docked with the charger, and the mobile robot can include the battery pack. The battery pack
can be removable from the mobile robot. The mobile robot can be configured to monitor a
battery voltage of the battery pack and disable charging if the monitored battery voltage
indicates that the battery pack has been removed from the mobile robot.

[0017] Various embodiments disclosed herein can relate to a battery pack that

includes one or more battery cells and a connector that has at least one power contact for
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receiving power to charge the one or more battery cells, a first auxiliary contact for receiving
current, and a second auxiliary contact for delivering a voltage signal. The second auxiliary
contact can be coupled to the one or more battery cells so that the voltage signal corresponds
to a voltage of the one or more battery cells. A switch can be between the at least one power
contact and the one or more battery cells. The switch can have a non-conductive
configuration that disconnects the at least one power contact from the one or more battery
cells. The switch can have a conductive configuration that electrically couples the at least
one power contact to the one or more battery cells for charging. The switch can include a
contactor, solenoid, or relay, etc.

[0018] The first auxiliary contact can be configured to provide the current to the
switch to put the switch in the conductive configuration to enable charging of the one or
more battery cells. The battery pack can be coupled to a power station that is configured to
determine that a load is the battery pack coupled directly to the power station when a
measured output current is within a current range, and the amount of the current provided to
put the switch in the conductive configuration can be within the current range. The
connector of the battery pack can have a third auxiliary contact for receiving another current.
The battery pack can be configured to operate battery pack electronics from the another
current so that the battery pack can be recharged when the one or more battery cells are
substantially discharged. The current delivered by the first auxiliary contact and the another
current delivered by the third auxiliary contact can have substantially the same voltage.

[0019] Various embodiment disclosed herein can relate to a charger for a mobile
robot. The charger can include a connector that includes at least one power contact for
receiving power for delivery to the mobile robot, a first auxiliary contact for receiving the
current from the first auxiliary contact of the power station connector, and a second auxiliary
contact for delivering the voltage signal to the second auxiliary contact of the power station
connector. The charger can have a docking station can be configured to deliver the power to
the mobile robot.

[0020] The charger can have a temperature sensor and the voltage signal can be
indicative of a temperature measured by the temperature sensor. The connector can include a
third auxiliary contact for receiving another current. The charger can be configured to use

the another current to operate one or more sensors for detection of whether the mobile robot
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is docked with the charger. The charger can be configured to use the another current to
operate at least one momentary switch and/or at least one reed switch. The first auxiliary
contact can be connected in series with a resistance and the at least one momentary switch
and/or the at least one reed switch, so that when the at least one momentary switch and/or the
at least one reed switch is on the current is produced within a current range. A controller of a
power station can be configured to determine that a load is the battery pack inside a mobile
robot that is electrically coupled to the charger when the measured current is within the
current range. The charger can include a fourth auxiliary contact for providing another
voltage signal that is indicative of a charging voltage provided from the charger to the mobile
robot. The charger can have the mobile robot docked with the charger, and the mobile robot
can include the battery pack.

[0021] Various embodiments disclosed herein can relate to a method of charging
a battery pack of a mobile robot. The method can include delivering current from a power
station to a load through a first contact of a connector of the power station, measuring the
current delivered through the first contact, receiving a voltage signal through a second
contact of the connector, and determining, based at least in part on the measured current and
the received voltage, whether the load is a) a battery pack inside a mobile robot that is
electrically coupled to a charger, which is coupled to the power station via the connector, or
b) a battery pack coupled directly to the power station via the connector. The method can
include delivering power from the power station through the connector to charge the battery
pack.

[0022] The method can include determining that the load is the battery pack
inside the mobile robot that is electrically coupled to the charger, which is coupled to the
power station via the connector. The method can include measuring a temperature of the
charger, and the received voltage signal through the second contact of the connector can be
indicative of the measured temperature. The method can include disabling charging in
response to a determination that the measured temperature is over a threshold temperature.
The method can include determining that the load is the battery pack coupled directly to the
power station via the connector.

[0023] The foregoing summary is illustrative only and is not intended to be

limiting. Other aspects, features, and advantages of the systems, devices, and methods and/or
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other subject matter described in this application will become apparent in the teachings set
forth below. The summary is provided to introduce a selection of some of the concepts of this
disclosure. The summary is not intended to identify key or essential features of any subject
matter described herein
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various examples are depicted in the accompanying drawings for
illustrative purposes, and should in no way be interpreted as limiting the scope of the
examples. Various features of different disclosed examples can be combined to form
additional examples, which are part of this disclosure.

[0025] Figure 1 shows an example mobile robot, according to some
embodiments.

[0026] Figure 2A shows a side view of the mobile robot of Figure 1.

[0027] Figure 2B shows a detail of the receiving interface of the mobile robot of
Figure 1.

[0028] Figure 2C shows another detail of the receiving interface of the mobile
robot of Figure 1.

[0029] Figure 3 schematically shows a charging interface that includes a support
and a protrusion extending from the support, according to some embodiments.

[0030] Figure 4 shows a top perspective view of an example charging interface
according to some embodiments.

[0031] Figure 5A shows the example charging interface of Figure 4 from a
different perspective.

[0032] Figure 5B shows the example charging interface with the shroud in an
open position.

[0033] Figure 5C shows the example charging interface engaged with a mobile
robot.

[0034] Figure 6 shows the example charging interface of Figure 4 that is
decoupled from the support.

[0035] Figure 7 shows a top perspective detail view of the charging interface of

Figure 4 with the shroud removed.
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[0036] Figure 8A shows a bottom perspective view of the charging interface of

Figure 4 with the shroud removed.

[0037] Figure 8B shows an example embodiments of a shroud.
[0038] Figure 8C is a cross-sectional view of an example charging interface.
[0039] Figure 9 shows another bottom perspective view of the charging interface

of Figure 4 with a portion of the protrusion removed to allow a view of a sensor board.

[0040] Figure 10 shows a detail view of an example electromechanical switch,
according to some embodiments.

[0041] Figure 11 shows an example sensor board that may be disposed in a
charging interface described herein, according to some embodiments.

[0042] Figure 12A shows an example charging interface that includes a trap
configuration of a shroud, according to some embodiments.

[0043] Figure 12B shows the example charging interface with the shroud in an
open configuration.

[0044] Figure 13A shows an example charging interface with a pivot
configuration of a shroud in a closed configuration.

[0045] Figure 13B shows the example charging interface with a pivot
configuration of a shroud in an open configuration.

[0046] Figure 14 shows a flowchart representing an example method of charging
a mobile robot, according to certain embodiments.

[0047] Figure 15 shows a block diagram of a system for charging a battery for a
mobile robot.

[0048] Figure 16 shows an example embodiment of connectors for charging a
battery for a mobile robot.

[0049] Figure 17 shows an example flowchart of a method for charging a battery
of the mobile robot.

DETAILED DESCRIPTION

[0050] The various features and advantages of the systems, devices, and methods
of the technology described herein will become more fully apparent from the following
description of the examples illustrated in the figures. These examples are intended to

illustrate the principles of this disclosure, and this disclosure should not be limited to merely
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the illustrated examples. The features of the illustrated examples can be modified, combined,
removed, and/or substituted as will be apparent to those of ordinary skill in the art upon
consideration of the principles disclosed herein.

[0051] The present disclosure relates to improved charging interfaces for mobile
robots. In some implementations, mobile or large robot charging takes place using charging
contacts (e.g., pads) on the underside of the robot that electrically connect to the chargers that
are bolted or otherwise attached to the floor. However, bolted chargers on the floor may not
always be available or ideal. In some situation, dust or dirt can cause the charger to become
dirty, or to malfunction. Some embodiments disclosed herein can use a charging interface
that is with elevated (e.g., above the floor or base of the charger), which can impede dust and
dirt from adversely affecting the charger.

[0052] Moreover, various problems can existed with robot charging stations, such
as electrical arcing, premature electrical flow, and/or power management. For example, when
charging, 10 to 100 amps can be going from the charger to the robot at any given time (or
other amounts of current, depending on the type of robot). Without safety features, this
amount of electricity can severely damage people or objects. For example, without safety
features to disable the charging current when no robot is presented for charging, a single
piece of steel wool (or other object) make sufficient electrical contact to initiate the charging
current, which could lead to fires.

[0053] Described herein are safety features that include electromechanical,
electromagnetic, electrical, and electrothermal features. Used in isolation and/or in
combination, these features can enable the mobile robots to charge while reducing hazards to
people and property. For example, electrical contact detection can be performed. In some
cases, the charger can verify that a suitable robot is connected before charging is enabled
(e.g., an electrical handshake can be used to establish proper electrical contact between a
suitable charger and suitable robot). In some cases, the robot can verify that it is connected to
a suitable charger before charging is enabled. Additionally or alternatively, stopping the
robot from charging before the charging pads completely separate can impede arcing, which
is can be dangerous.

[0054] Accordingly, improved charging interfaces and methods are described

herein. An example charging interface can include first and second charger electrical
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contacts. The first charger electrical contact may be configured to be in electrical connection
with a first robot electrical contact when the mobile robot engages the charger. The second
charger electrical contact may be configured to be in electrical connection with a second
robot electrical contact when the mobile robot engages the charger. The interface can further
include a shroud that is movable between a closed position and an open position. The shroud
may be configured to cover the first and second charger electrical contacts in the closed
position. For example, the shroud may be biased in the closed position. The shroud may be
configured to expose the first and second charger electrical contacts in the open position.
When the mobile robot engages the charger, the shroud may be configured to be moved from
the closed position to the open position.

[0055] The interface can further include a momentary switch, one or more
electromagnetic  (e.g., magnetic, reed) switches, and/or a temperature sensor. The
momentary switch may be movable between an off position and an on position. The
momentary switch can be biased toward the off position and be configured to be moved from
the off position to the on position when the mobile robot engages the charger. The
electromagnetic switches can have an on configuration and an off configuration. The
electromagnetic switches can be configured to be turned to the on configuration by one or
more magnets on the mobile robot when the mobile robot engages the charger.

[0056] In some embodiments, the charging interface can be configured to enable
charging through the first and second charger electrical contacts when both the momentary
switch is in the on position, and the one or more electromagnetic switches are in the on
configuration and to disable charging through the first and second charger electrical contacts
when either the momentary switch is in the off position or the one or more electromagnetic
switches are in an off configuration. Reference will now be made to the figures.

Mobile Robots

[0057] Figure 1 shows an example mobile robot 50, according to one
embodiment. The mobile robot 50 can include one or more wheels 51, a front face 52 that
includes a receiving interface 54 for connecting to a charging interface (not shown). The
mobile robot 50 can include a first electrical contact 56 and a second electrical contact 58 as
well as an actuator 62 for actuating a shroud on the charging interface. The first electrical

contact 56 may include a plurality of connectors, and/or the second electrical contact 58 may
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include a plurality of connectors. The mobile robot 50 can also include one or more magnets
66 near and/or within the receiving interface 54.

[0058] Figure 2A shows a side view of the mobile robot 50. Figures 2B and 2C
each show a detailed views of the receiving interface 54. The first electrical contact 56 and
second electrical contact 58 can be seen. The mobile robot 50 can include an upper platform
70. The upper platform 70 can be a planer area, although any other suitable shape or structure
can be used. The upper platform 70 can include locations for mounting other robotic
implements onto the mobile robot 50. For example, the mobile robot 50 can engage with
charging interfaces as described herein but additionally or alternatively with movable carts,
tables, conveyors, robotic arms, and any other suitable application. The mobile robot 50 can
include an outer shell or shielding 74. The outer shielding 74 can include a plurality of
sidewalls connected together to enclose or generally enclose navigation systems,
communication systems, power systems, and/or other components used for operating the
mobile robot 50.

[0059] The mobile robot 50 include a receiving interface 54 for connecting to a
charging interface, as described herein. The receiving interface 54 can include a recess, such
as formed in the front face 52 of the mobile robot 50. The recess can be elevated, such as
above the wheels 51, above the axis of one or more of the wheels 51, or above the bottom of
the shell or shielding 74. In some cases, the shell or shielding 74 can have a lower portion
that is below the recess and an upper portion that is above the recess. The recess can be a
generally or substantially horizontal slit in the housing of the mobile robot 50. In some
cases, the horizontal slit or other recess can receive a charger interface that can be inserted
into the recess for charging the mobile robot 50. The horizontal slit or other recess can also
permit light to pass to or from a navigation system of the mobile robot 50, in some
embodiments.

[0060] The first electrical contact 56 can be positioned on an upper side of the
recess. For example, the first electrical contact 56 can be on the upper surface of the recess,
and in some cases can extend downward into the recess. The second electrical contact 58 can
be positioned on a lower side of the recess. For example, the second electrical contact 58 can
be on the lower surface of the recess, and in some cases can extend upward into the recess.

The first electrical contact 56 can include one or more conductive teeth. The first electrical
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contact 56 can be movable, such as in a generally up-and-down direction. The first electrical
contact 56 can be biased downward, such as by a spring or other biasing mechanism. The
second electrical contact 58 can include one or more conductive teeth. The second electrical
contact 58 can be movable, such as in a generally up-and-down direction. The second
electrical contact 58 can be biased upward, such as by a spring or other biasing mechanism.
When a charging interface is inserted into the recess, the charging interface can move the
first electrical contact 56 upward and/or the second electrical contact 58 downward. The first
and/or second electrical contacts 56 and/or 58 can be biased against corresponding electrical
contacts on the charger during charging.

[0061] In some cases the first and second charging contacts 56, 58 of the mobile
robot can protect the electrical contacts from debris or unintended contact with other objects.
For example, because the electrical contacts are recessed, the shell or shielding 74 of the
mobile robot 50 can impede foreign objects from contacting the electrical contacts during
charging.

[0062] The mobile robot 50 can include an actuator 62 for actuating a shroud on
the charging interface, as discussed herein. The actuator 62 can be a portion of the housing
or shell or shielding 74 of the mobile robot 50, which can be apart from (e.g., forward of) the
electrical contacts 56, 58.

[0063] In some cases, the one or more magnets 66 can be positioned inside the
mobile robot 50, so that the one or more magnets 66 are not exposed or visible from outside
the robot 50. In some cases, the one or more magnets 66 can be positioned on an exterior of
the mobile robot 50. The one or more magnets 66 can be positioned in the recess or
otherwise on the receiving interface 54 of the mobile robot 50, so that the one or more
magnets 66 can trigger the magnetically actuated switches, as discussed herein.

[0064] The mobile robot 50 can be autonomous or semi-autonomous. The mobile
robot 50 can include a plurality of sensors for sensing the environment. The sensors can
include LIDAR and other laser-based sensors and/or range finders for mapping the robot’s
surroundings. The mobile robot 50 can include a laser slit including a range finding or
LIDAR-type laser contained therein. The mobile robot 50 can include a user interface (not
shown) for manually inputting instructions or information and/or receiving information

output from the mobile robot 50. In some embodiments, a control panel can additionally or
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alternatively be located on a side or under a plate or in an unexposed location on the mobile
robot 50.

[0065] The robot 120 can be generally oriented along a forward-reverse direction
F-RV and along a left-right direction L-RT. The forward direction F can be along generally
the forward motion of the robot. The reverse direction RV can be opposite the forward
direction. The left-right direction L-RT can be orthogonal to the forward-reverse direction F-
RV. The left-right direction L-RT and the forward-reverse direction F-RV can be coplanar,
for example on a generally horizontal plane.

[0066] The upper platform 70, the outer shielding 74, and/or any other
components of the mobile robot 50 can be mounted on a chassis. Various different
components and structures can be mounted onto the chassis, depending on the purpose and
design of the mobile robot 50. A support system 78 can include the one or more support
wheels 51 (e.g., 2, 3, 4, or more wheels). The wheels 51 can be coupled with the chassis 140.
In some cases, one or more of the wheels 51 can be caster wheels. The wheels 51 can support
a load on the chassis against a ground surface. In certain embodiments, the wheels 51 can
include individual or combined suspension elements (e.g., springs and/or dampers).
Accordingly, in some embodiments, the wheels 51 can move (e.g., up and down) to
accommodate uneven terrain, for shock absorption, and for load distribution. In some
embodiments, the wheels 51 can be fixed so that they do not move up and down, and the
ground clearance height of the mobile robot 50 can be constant regardless of the weight or
load of the mobile robot 50. In some examples, one or more of the wheels 51 may be
undriven.

[0067] The support system can include a drive assembly that can provide
acceleration, braking, and/or steering of the mobile robot 50. In some embodiments, the drive
assembly drives one or more drive wheels (e.g., two of the wheels 51). These two wheels
may be the wheels that guide the motion and directly of the mobile robot 50. For example, if
both drive wheels rotate in a first direction, the mobile robot 50 can move forward; if both
drive wheels move in a second direction, the robot can move in reverse; if the drive wheels
move in opposite directions, or if only one of drive wheels moves, or if the drive wheels
move at different speeds, the robot can turn. Braking can be performed by slowing the

rotation of the drive wheels, by stopping rotation of the drive wheels, or by reversing
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direction of the drive wheels. The drive assembly can be coupled (e.g., pivotably coupled)
with the chassis. The drive assembly can be configured to engage with the ground surface
through a suspension system. The drive assembly can be located at least partially beneath the
outer shielding 74 of the mobile robot 50.

[0068] Many variations are possible. For example, a single drive assembly can be
used, in some cases, which can move the robot forward and/or backward, and steering can be
implemented using a separate steering system, such as one or more steering wheels that can
turn left or right. In some embodiments, the mobile robot 50 can include 2, 3, or 4 drive
assemblies. In certain alternative embodiments, the mobile robot 50 includes only driven
wheels and no undriven support wheels. In some embodiments, the one or more drive
assemblies can support at least some weight of the robot and/or payload. In some examples,
the mobile robot 50 can include two drive wheels and two or four non-driven support
wheels.

[0069] The mobile robot 50 can include one or more sensors for measuring
motion of one or more of the wheels 51, such as the driven wheels. A sensor system may be
used to detect and/or calculate rotation, position, direction, and/or other kinematic
information from the movement of the wheels 51. In some examples, a plurality of sensors
may be used to determine the kinematic information of each wheel. For example, each wheel
may be associated with an optical sensor and a magnetic sensor for determining the rotation
of the wheel. Use of multiple sensors can be beneficial by providing a redundancy to the
kinematic information so that if one system can for some reason not communicate its
readings to a controller (e.g., malfunction, environmental shock, etc.), the other (or others)
can provide the information. Thus, a system failing may not mean that the controller becomes
blind to the kinematic information. A further benefit of multiple sensors may be that the
accuracy of the information may be improved because the controller may be able to rely on a
greater amount of data in determining what the likely true values are. Examples of optical
sensors include encoders (e.g., rotary, linear, absolute, incremental, etc.). Examples of
magnetic sensors includes bearing sensors or other speed sensors. The mobile robot 50 can
include other types of sensors, such as mechanical sensors, temperature sensors, distance
sensors (e.g., rangefinders), and/or other sensors.

Chargers and Charging Interfaces
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[0070] Robots, such as the mobile robots 50 described herein, may require
charging from time to time. The mobile robot 50 includes an onboard power storage (e.g.,
one or more batteries), but this power may be depleted through use and/or simply over time.
Chargers and charging interfaces can provide a hands-free or automated option for the
mobile robot 50 to recharge its power storage.

[0071] As noted above, charging a battery of a mobile robot can generally entail
transfer of electrical current, which can carry safety risks, such as arcing and fires. Further,
charging autonomous or semi-autonomous robots can include challenges related to proper
orientation of the robot, proper proximity, and/or proper electrical specifications (e.g.,
amperage, current). The chargers and interfaces described herein can reduce or solve these
challenges.

[0072] In some embodiments, the charging interface can be disposed off the
ground such that a mobile robot 50 can access it from its side. For example, a charger or
docking station can include a base that supports the charging interface. The charging
interface can include a protrusion, which can extend generally horizontally from a body of
the charger or docking station. The height of the protrusion can correspond to the height of
the recess on the mobile robot 50, so that when the mobile robot advances towards the
charger or docking station, the protrusion can insert into the recess of the mobile robot 50.

[0073] For example, in some embodiments, as the mobile robot 50 drives up to a
docking station that houses the charging interface, the mobile robot 50 pushes a shroud back
to expose charging electrical contacts (e.g., plates) that were previously hidden underneath
the shroud. As the shroud is pushed backwards, corresponding electrical contacts (e.g., sets
of spring-loaded copper “teeth”) mounted on the mobile robot 50 slide over and engage the
top and bottom charging plates. These conductive teeth on the mobile robot may refer to the
first electrical contact 56 and second electrical contact 58 described herein. Within the
charging interface may be circuitry (e.g., on a printed circuit board) with an one or more
(e.g., an array of) reed switches (e.g., which can be mounted underneath a top copper
charging plate). These reed switches may be activated by a magnet (e.g., which can be
hidden inside of the mobile robot 50, such as between the electrical contacts 56, 58). As an
added layer of safety, there may also be a momentary switch (e.g., a snap-action switch)

(e.g., mounted on the underside of the charging interface 100) that may be only activated
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when the shroud is pushed back far enough for the copper teeth (or other robot electrical
contacts 56, 58) to engage the copper charging plates without risk of arcing. Once both the
reed switch and the momentary switch are activated, the charger can begin charging the
mobile robot 50. Because the required configuration of magnets may be unique, the reed
switches or other magnetic switches can provide a high degree of security in ensuring that the
mobile robot 50 has properly engaged the charging interface 100. In some cases, the charger
and the mobile robot 50 can perform an electronic handshake for verification before charging
is enabled. Other alternatives are possible. Now various implementations of chargers and
charging interfaces will be described.

[0074] Figure 3 schematically shows a charger 100 that includes a support 108
and a protrusion 104 extending from the support 108. The charging interface 100 can include
a shroud 116 that at least partially covers the protrusion 104. The shroud 116 can cover
(partially or completely) or conceal a first electrical contact 112 and a second electrical
contact 114. In some cases, the shroud 116 can include at least one brush 118, which can
brush across and clean the first electrical contact 112 and/or the second electrical contact 114
as the shroud 116 moves. In some cases, at least one wiper (e.g., a brass wiper) can be
coupled to the shroud 116 and can be configured to wipe across the first electrical contact
112 and/or second electrical contact 114 when the shroud 116 moves. The charging interface
can include a temperature sensor 132. The charging interface 100 can include an
electromechanical switch 120 (e.g., a momentary switch) and/or one or more electromagnetic
switches 124. A controller 128 may be in electrical communication with the first electrical
contact 112 and the second electrical contact 114.

[0075] The protrusion 104 can include a housing configured to contain or support
one or more elements described herein. The protrusion 104 may be oriented substantially
parallel to the ground and/or may be elevated or spaced from the ground or base of the
charger 100. The protrusion 104 can extend from the support 108 at approximately a right
angle. The support 108 may be coupled (e.g., fixed) to the ground and may be shaped to
avoid contact with the mobile robot 50 during charging. The protrusion 104 and/or the
support 108 can be partially made of metal, plastic, and/or other rigid material.

[0076] The shroud 116 can be one of the safety elements of the charging interface
100. The shroud 116 can be disposed at least partially on and/or around the protrusion 104,
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such as on or around the housing of the protrusion 104. The shroud 116 can cover or conceal
the first electrical contact 112, the second electrical contact 114, the brush 118, the one or
more electromagnetic switches 124, and/or the temperature sensor 132. The shroud 116 can
be biased away from the support 108 in a closed position. When the shroud 116 is pushed
into an open position, it can expose or reveal (e.g., partially or completely) one or more
elements that it had been concealing. By forcing the shroud 116 into the open position, the
mobile robot 50 can access the first electrical contact 112 and/or the second electrical contact
114 to electrically connect with them using corresponding electrical contacts (e.g., the first
electrical contact 56 and/or the second electrical contact 58). The first electrical contact 112
and/or second electrical contact 114 may be disposed outside of the housing of the protrusion
104.

[0077] The shroud 116 can be actuated between the open and closed positions in
a variety of ways. In some embodiments, the mobile robot 50 cannot access the first
electrical contact 112 or the second electrical contact 114 without actuating the shroud 116
into or towards the open position. In some embodiments, the shroud 116 translates laterally
(e.g., along the protrusion 104), such as shown in Figure 3. As the shroud 116 is pushed
back, the shroud 116 can engage the electromechanical switch 120. The electromechanical
switch 120 can be a momentary switch or some other mechanically driven switch. The
electromechanical switch 120 can include a button, a lever arm, a hinge, or some other
engagement feature that the shroud 116 directly engages as the shroud 116 is pushed back by
the mobile robot 50. The electromechanical switch 120 may be biased in an off position (or a
nonconductive position) until the shroud 116 and/or the mobile robot 50 actuate it into an on
(or conductive) position. In the on position, the electromechanical switch 120 can partially or
fully enable a flow of electricity through the first electrical contact 112 and/or the second
electrical contact 114, possibly subject to any other safety requirements being fulfilled. Thus,
the electromechanical switch 120 may be activated by the shroud once the mobile robot 50
has advance far enough that charging can be performed without arcing. An example of an
electromechanical switch 120 that may be used is shown in Figure 10.

[0078] The shroud and/or electromechanical switch 120 can serve as a safety
check to verify that the mobile robot 50 is close enough to the electrical contacts 112, 114,

that the mobile robot 50 is properly shaped and/or oriented relative thereto, and/or that the
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mobile robot 50 is mechanically stable enough to couple to the charging interface 100. If a
different mobile robot or other object that is not compatible with the charger 100 approaches
the charging interface, but does not have a recess configured appropriately to receive the
protrusion, and a structure appropriately positioned relative to the recess to move the shroud
116 towards the open position as the protrusion inserts into the recess, then the shroud would
remain in the closed position, which covers the electrical contacts 112, 114 and impedes the
object from making electrical connection to the electrical contacts 112, 114. Even if an
incompatible object were able to move the shroud 116 partially towards the open position,
which could expose at least portions of the electrical contacts 112, 114, the charger 100 can
be configured to disable charging until the switch 120 has been activated. Thus, in some
cases, an object would not be able to enable charging unless it is appropriately configured
(e.g., having a recess with sufficient depth and relative actuating structure) to move the
shroud 116 far enough to trigger the switch 120. Also, if the compatible mobile robot 50
were to approach the charger 100, but from an inappropriate angle or orientation, the
protrusion 104, shroud 116, and/or momentary switch 120 can impede charging. For
example, at the wrong angle, the protrusion 104 would not be able extend far enough into the
recess to move the shroud 116 sufficiently to activate the switch 120.

[0079] The charger 100 and/or the mobile robot 50 can be configured so that the
switch 120 is activated as the mobile robot 50 advances and after the electrical contacts 56
and 58 of the mobile robot 50 have made electrical connection with the electrical contacts
112 and 114 of the charger. Charging can then be enabled without arcing between the
electrical contacts. During disengagement of the mobile robot 50 from the charger 100, the
mobile robot 50 can retract away from the charger, and the switch 120 turns off while the
electrical contacts 56 and 58 of the mobile robot 50 are still electrically connected to the
electrical contacts 112 and 114 of the charger 100. This can avoid arcing between the
electrical contacts as the mobile robot 50 retracts away from the charger 100.

[0080] The electromechanical switch 120 can be actuated by a movement (e.g.,
translation) of the shroud 116. In some examples, the electromechanical switch 120 can be
actuated by the mobile robot 50 directly. For example, in certain implementations the

electromechanical switch 120 may be disposed at or near a distal end of the charging
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interface 100 or of the protrusion 104. In this way, the electromechanical switch 120 may be
configured to be directly contacted by an actuator or portion of the mobile robot 50.

[0081] When actuated, the electromechanical switch 120 may be depressed into
an interior of the protrusion 104 (e.g., further into the housing of the protrusion 104). Alone
or in combination with the shroud 116, the electromechanical switch 120 can prevent
inadvertent and/or unauthorized release of electrical power into the first electrical contact 112
and/or the second electrical contact 114. Although not shown, electrical communication may
exist between the electromechanical switch 120 and the controller 128 and/or with some
other controller. The controller 128 can enable and/or increase a flow (e.g., current) of
electricity to the first electrical contact 112 and/or second electrical contact 114 in response
to detecting that the electromechanical switch 120 is in an on position, possibly subject to
any other safety requirements being fulfilled. In some embodiments, the switch 120 can be
non-conductive in the off position so that current is impeded from flowing to the electrical
contacts 112 and 114. The switch 120 can be conductive in the on position (e.g., when
activated by the shroud 116 or mobile robot 50), so that the current can flow through the
switch 120 to the electrical contacts 112 and 114, such as for charging the mobile robot 50.
Accordingly, in some embodiments, the switch 120 does not communicate with the controller
128, and can directly disable charging in its non-conductive state, for example.

[0082] Another safety mechanism for the control of flow of electricity to the first
electrical contact 112 and/or the second electrical contact 114 can include a magnetic safety
mechanism, such as one or more magnetic and/or electromagnetic switches 124. As shown in
Figure 3, the charging interface 100 can include one or more electromagnetic switches 124.
The electromagnetic switches 124 can include reed switches and/or some other
electromagnetic switch. The electromagnetic switches 124 can be disposed inside the housing
of the protrusion 104, for example. In some embodiments, the electromagnetic switches 124
may be disposed near a distal end of the protrusion 104 (e.g., disposed away from the support
108), as shown in Figure 3. In some embodiments, such as those described below, the
electromagnetic switches 124 may be disposed within the shroud 116 when it is in the closed
position. In some embodiments, the one or more electromagnetic switches 124 (e.g., reed

switches) can be between the first and second electrical contacts 112 and 114.
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[0083] Once a sufficient number or configuration of the electromagnetic switches
124 (e.g., half of them, all of them, or at least one of parallel sets) have been turned on, the
charger 100 may be configured to enable and/or increase a flow of electrical power to the
first electrical contact 112 and/or the second electrical contact 114, possibly subject to any
other safety requirements being fulfilled. Although not shown in Figure 3, the controller 128
may be in electrical communication with the one or more electromagnetic switches 124.
Once the controller 128 receives an indication that a sufficient number or configuration of the
electromagnetic switches 124 have been turned on, the controller 128 may enable the flow of
electricity, subject to any other safety requirements being fulfilled. In some embodiments, the
one or more electromagnetic switches 124 can be non-conductive in an off configuration so
that current is impeded from flowing to the electrical contacts 112 and 114. The one or more
electromagnetic switches 124 can be conductive in an on configuration, so that the current
can flow through the one or more electromagnetic switches 124 to the electrical contacts 112
and 114, such as for charging the mobile robot 50. Accordingly, in some embodiments, the
one or more electromagnetic switches 124 do not communicate with the controller 128, and
can directly disable charging when in the off or non-conductive state, for example.

[0084] The electromagnetic switches 124 can be tuned to respond to a magnetic
field from one or more magnets in or on the mobile robot 50, such as the one or more
magnets 66 described above. The electromagnetic switches 124 may be biased in an off
configuration (e.g., outside the presence of a suitable magnetic field). In the presence of a
suitable magnetic field, the electromagnetic switches 124 can be configured to be switched to
an on configuration.

[0085] One or more of the electromagnetic switches 124 may switch to an on
and/or off configuration at different times relative to one another. For example, the
electromagnetic switches 124 may be disposed spatially one from another such that each may
experience the magnetic field at different amounts relative to each other. The electromagnetic
switches 124 may be configured in such a way as to require a proper orientation of the
mobile robot 50. For example, the charging interface 100 may be configured to prevent the
flow of electricity to the first electrical contact 112 and/or the second electrical contact 114
until a threshold number and/or a suitable configuration of electromagnetic switches 124

have been switched on. For example, multiple sets of electromagnetic switches 124 can be
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coupled in parallel, so that if the electromagnetic switches 124 of any one of the parallel sets
are on, then current is able to flow. Each of the multiple parallel sets can include one or
more electromagnetic switches 124, which can be coupled in series. In some configurations,
a set of electromagnetic switches 124 coupled in series is conductive when all of the
electromagnetic switches 124 of the set are on. Thus, in some cases, the arrangement of
electromagnetic switches 124 can be in an off (or non-conductive) configuration even if
some of the electromagnetic switches 124 are on. For example, if one electromagnetic
switch 124 is on, but other electromagnetic switches 124 coupled in series are off, the set can
be non-conductive. In some embodiments, the arrangement of electromagnetic switches 124
can be in an on or conductive configuration when all the in-series electromagnetic switches
124 are on (e.g., conductive) for at least one of the parallel sets. In some examples, the
electromagnetic switches 124 may be required to be in the on configuration for a threshold
amount of time before the flow of electricity is enabled. For example, the controller 128 can
implement a timer before enabling charging. The electromagnetic switches 124 (e.g. reed
switches) can impede unintended current. For example, if an incompatible object were to
move the shroud 116 sufficiently to expose the electrical contacts 112 and 144 and to trigger
the switch 120, the charger 100 would not enable charging current unless the one or more
electromagnetic switches 124 (e.g., reed switches) are in the on configuration. Thus, if the
incompatible object does not have a magnet that is configured to appropriately turn on the
electromagnetic switches 124, the charging would remain disabled. Also, the
electromagnetic switches 124 can provide safety by ensuring that the mobile robot 50 is close
enough and/or properly oriented to prevent or reduce the likelihood of arcing between the
mobile robot 50 and the charging interface 100.

[0086] The timing of turning on the electromagnetic switches 124 and the
electromechanical switch 120 may be such that they are not simultaneous as the mobile robot
50 engages charger 100. Additionally or alternatively, the timing of when the
electromagnetic switches 124 and/or the electromechanical switch 120 are turned off may not
be simultaneous as the mobile robot 50 disengages from the charger 100. For example, in
some examples the relative positions and/or sensitivities of the electromechanical switch 120
and the electromagnetic switches 124 with respect to the respective actuator (e.g., the shroud

116, the actuator 62 of the mobile robot 50) and magnets (e.g., magnets 66 of the mobile

22-



WO 2022/015576 PCT/US2021/040924

robot 50) as the mobile robot 50 advances may be configured such that the electromagnetic
switches 124 are turned on before the electromechanical switch 120 is turned on.
Additionally or alternatively, they may be configured such that the electromechanical switch
120 is turned off before the electromagnetic switches 124 are turned off, as the mobile robot
50 retracts from the charger 100. This may prevent arcing as the mobile robot 50 decouples
from the charging interface 100. Other alternatives are possible (e.g., that the
electromechanical switch 120 turns on before the electromagnetic switches 124 do and/or
that the electromechanical switch 120 turns off after the electromagnetic switches 124 do).

[0087] The electromagnetic switches 124 may be in a particular orientation to
improve the functionality and/or reliability of the safety mechanism. A plurality of
electromagnetic switches 124 may be disposed in parallel with each other. Additionally or
alternatively, a plurality of electromagnetic switches 124 may be in series with each other.
Electromagnetic switches 124 that are in series may promote an orientation safety check of
the mobile robot 50. For example, electromagnetic switches 124 that are in series may not all
be switched on unless the mobile robot 50 is properly positioned with respect to each of the
electromagnetic switches 124 that are in series with each other. Further, sets of
electromagnetic switches 124 that are in parallel may provide a range of acceptable positions
for the mobile robot 50. For example, if the mobile robot 50 advances past one set of
electromagnetic switches 124 so that they are no longer activated by the magnet, there can be
another set of electromagnetic switches 124 positioned further along the motion path to be
triggered by the magnet of the mobile robot 50. The parallel sets of electromagnetic switches
124 can provide redundancy so that if one or more of the electromagnetic switches 124 is
inoperable, the functionality of the electromagnetic switches 124 is preserved. In some
examples, eight electromagnetic switches 124 are arranged such that two sets of
electromagnetic switches 124 are arranged in parallel with each other, where each set of
electromagnetic switches 124 includes four electromagnetic switches 124 arranged in series,
such as shown in Figure 9. Other configurations are possible (e.g., the configuration shown in
Figure 11).

[0088] The charging interface 100 may include one or more cleaning elements
that promote the longevity of the electrical components of the charging interface 100 and/or

the mobile robot 50. For example, the charging interface 100 may further include a brush 118
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configured to clean one or more electrical contacts 112, 114 of the charging interface 100
and/or the mobile robot 50. The brush 118 may be disposed near a distal end of the
protrusion 104, which may allow it to come in contact with the target electrical contact(s). As
shown, the brush 118 may be disposed at least partially on or over one or both of the first
electrical contact 112 and/or the second electrical contact 114 of the charger 100. The brush
118 may be coupled to the shroud 116 so that when the shroud 116 is actuated, the brush 118
brushes along the first electrical contact 112 and/or the second electrical contact 114. The
brush 118 may include rigid or flexible bristles comprising metal, plastic, and/or some other
suitable material. In Figure 3 one brush 118 is shown that is configured to clean the first
electrical contact 112. Although not shown, the shroud 116 can include a second brush to
clean the second electrical contact 114. Alternatively, the brush 118 can be sized and
position to clean both the first and second electrical contacts 112 and 114. For example, the
brush 118 can wrap around an inside of the shroud 116. The brush 118 may be configured to
be removably coupled to the shroud 116, for example so that is can be replaced or removed
for cleaning. In some embodiments, at least one brush can be coupled to the protrusion 104
(e.g., to the housing of the protrusion 104), and can be used to clean one or more electrical
contacts 56, 58 on the mobile robot 50. The brush(es) can be positioned distally of the
charger electrical contact(s) 112, 114 so that the electrical contact(s) 56, 58 of the mobile
robot 50 slide across the brush(es) as the mobile robot 50 advances. In some cases, the
brush(es) 118 disclosed herein can be movable and biased toward the target contact(s) to
ensure improved coupling between the brush 118 and the electrical contacts.

[0089] A further safety feature may help ensure that electrical components are
functioning properly. If improper connections and/or damaged electrical components are
present in one or both of the charging interface 100 and/or the mobile robot 50, significant
heat may be generated as a result. Such heat may signal that a problem needs to be addressed
before charging at the charging interface 100 can take place or continue. For example, if the
one or more of the electrical contacts 112, 114, 56, and/or 58 becomes dirty the transfer of
charging current can produce significant amounts of heat, which could damage the charger
100 and/or mobile robot 50 if left unchecked. Accordingly, in some examples, the charging
interface 100 includes a temperature sensor 132. The temperature sensor 132 can be in

electrical communication with the controller 128 to transmit electrical signals.
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[0090] The temperature sensor 132 may be configured to detect temperatures that
exceed a threshold safety temperature. The temperature sensor 132 can provide
measurements indicative of a temperature at the electrical contact 112 and/or the electrical
contact 114 of the charger. In some cases, the temperature sensor 132 may be configured to
come into thermal communication (e.g., radiative, conductive) with the receiving interface 54
of the mobile robot 50 or some other portion thereof. The temperature sensor 132 may be
configured to enable a flow of electricity to the first electrical contact 112 and/or the second
electrical contact 114 unless it detects a temperature sensor 132 exceeding the threshold
safety temperature. The temperature sensor 132 may be configured to disable the flow of
electricity to the first electrical contact 112 and/or second electrical contact 114 if a
temperature over a threshold is measured. The temperature can be checked before, during,
and/or after charging. For example, as the charging interface 100 is charging a battery of the
mobile robot 50, the temperature sensor 132 may detect a temperature over a threshold or a
sudden rise in temperature at or near the temperature sensor 132 and may disable power to
the first electrical contact 112 and/or second electrical contact 114. In some examples, the
temperature sensor 132 additionally or alternatively may send a signal to the mobile robot 50
to open an electrical connection to prevent damage to the mobile robot 50.

[0091] The controller 128 can provide a further safety feature of the charging
interface 100. The controller 128 of the charger can be configured to verify that the mobile
robot 50 is a compatible or approved device before enabling charging. In some
embodiments, the mobile robot can verify that the charger is compatible or approved before
the mobile robot 50 enables charging. This verification can be preformed by exchanging of
information between the mobile robot 50 can the charger 100. For example, digital
information can be exchanged, such as a code or password, for verification. In some
embodiments, analog signals can be used for verification. Various suitable electrical
handshake protocols can be used to enable the charger 100 to verify the mobile robot 50,
and/or to enable the mobile robot 50 to verify the charger 100. By way of example, when
electrical connection is established between the charger 10 and the mobile robot 50 (e.g.,
after the shroud has been moved to the open position the mechanical switch 120 has been
turned on, and the magnetic switches 124 are in the on configuration), the charger can send a

first verification signal to the mobile robot 50. The mobile robot 50 can be configured to
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recognize the first verification signal (which can serve as verification of the charger 100).
The mobile robot 50 can be configured to send a second verification signal to the charger 100
in response to the first verification signal. The charger 100 can be configured to recognize
the second verification signal (which can serve as verification of the mobile robot 50), and in
response the charger 100 can enable charging. If the charger does not receive the second
verification signal back as an answer, it does not enable charging. In some embodiments, the
electrical handshake can be at a low voltage and/or low energy, which may make the system
safer before implementing high power. Various other suitable handshake or verification
protocols can be used. The handshake or other verification protocol can be initiated in
response to the activation of the switch 120 (e.g., the momentary switch).

[0092] It may be desirable for the mobile robot 50 to verify that the proper current
and/or voltage is present at the first electrical contact 112 and/or the second electrical contact
114 before allowing a charging flow of electricity to pass therethrough. As discussed herein,
the charger can verify the mobile robot 50 and/or the mobile robot 50 can verify the charger
100. Thus, in some examples the controller 128 may engage in an electrical handshake to
ensure that it is safe to enable the flow of electricity through the electrical contacts 112, 114.
After the electrical contacts 112, 114 electrically connected to the electrical contacts 56, 58
of the mobile robot 50, but before charging current is enabled (e.g., even after all other safety
checks have been passed) the controller 128 may first send a test electrical signal (e.g., a
particular current flow, a particular voltage) to the mobile robot 50. In some examples, the
mobile robot 50 may provide its own safety verification by sending a test electrical signal to
the charging interface 100. If the test is satisfied on the mobile robot 50 side, then the mobile
robot 50 may send a clearance signal to the controller 128. Once the controller 128 receives
the clearance signal in return, the controller 128 can be configured to enable the flow of
charging current to the electrical contacts 112, 114.

[0093] Figure 4 shows a top perspective view of an example charging interface
200 according to some embodiments. The charging interface 200 shows a protrusion 204 of
the charging interface 200 extending from the support 208. The shroud 216 is disposed
around the protrusion 204 to allow for translation of the shroud 216 in response to actuation
by the mobile robot 50. As shown, the shroud 216 is shaped to fit around the protrusion 204

to reduce the amount of lateral play of the shroud 216 during actuation. The protrusion 204
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may be tapered at a distal end to promote better coupling with the receiving interface 54 of
the mobile robot 50. For example, the receiving interface 54 on the mobile robot 50 may be
flared at the opening to the recess, which can facilitate receipt of the protrusion 204 into the
recess.

[0094] Note that the charging interface 200 (and any other charging interface
described herein) may include one or more features of the charging interface 100, or any
other charging interface embodiments described above. Moreover, elements sharing the
same name may in certain examples share one or more common features. Thus, unnecessary
duplication of description is reduced.

[0095] Figure 5A shows the example charging interface 200 of Figure 4 from a
different perspective, with the shroud in a closed position. Figure 5B shows the example
charging interface 200 with the shroud in the open position. As shown, a first electrical
contact 212 and a second electrical contact 214 of the protrusion 204 can be seen. The
charging interface 200 further includes an electromechanical switch 220, which can be seen
in Figure SA. The protrusion 204 is shown being disposed above and parallel to the ground.
The first electrical contact 212 is on an upper side of the protrusion 204, and the second
electrical contact 214 is on a lower side of the protrusion 204, e.g., facing downward. This
configuration can impede an object from unintentionally contacting both electrical contacts
212 and 214. For example, an object that lands on the charging interface 200 may contact
the upper electrical contact 212, but would not contact the lower electrical contact 214,
thereby failing to make complete connection. This is an additional safety feature, and a
benefit of the elevated protrusion 204 for the charging interface 200.

[0096] Figure 5C shows the mobile robot 50 engaged with the charging interface
200. The protrusion 204 extends into a recess on the mobile robot 50. An actuator 62 on the
mobile robot 50 pushes the shroud 216 along the protrusion 204 to the open position to
thereby expose the first and second electrical contacts 212 and 214 on the charging interface
200. The corresponding electrical contacts 56 and 58 on the mobile robot can make electrical
connection with the first and second electrical contacts 212 and 214 of the charging interface
200. Although not shown in Figure 5C, a magnet in the mobile robot 50 can come into close
enough proximity to one or more electromagnetic switches 124 (e.g., reed switches), which

can be inside the protrusion 204 so that the one or more electromagnetic switches 124
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transition to an on or conductive configuration. When the shroud 216 is moved to the
position shown in Figure 5C, the shroud 216 can push the switch 220 (e.g., a momentary
switch). Optionally, the charger and mobile robot 50 can perform and electrical handshake
protocol for verification before the charger enables charging.

[0097] Figure 6 shows the example charging interface 200 of Figure 4 decoupled
from the support 208. The charging interface 200 includes a first electrical wire 236 and a
second electrical wire 238 that are in electrical communication with the first electrical
contact 212 and second electrical contact 214 (not visible in Figure 6), respectively. Charging
and signal power can be passed through the electrical wires 236, 238 to the corresponding
electrical contacts 212, 214 and to the electrical contacts 56, 58 of the mobile robot 50,
provided the required safety checks are satisfied. The wires 236 and/or 238 can be used to
transfer data or other signals, such as to a controller 128. For example, signals can be
transferred from the first electrical contact 212 and/or the second electrical contact 214 to the
controller 128 for performing the electrical handshake, as discussed herein. Data or other
signals can be transferred the other direction, such as from the controller to the first electrical
contact 212 and/or second electrical contact 214. In some embodiment, the controller can be
between the wires 236, 238 and the first electrical contact 212 and second electrical contact
214, such as on the printed circuit board shown in Figure 9.

[0098] Figure 7 shows a top perspective detail view of the charging interface 200
of Figure 4 with the shroud 216 removed. The first electrical contact 212 and the second
electrical contact 214 can be seen. A portion of each of the electrical contacts 212, 214 is
disposed along a tapered portion of the protrusion 204 near a distal end of the protrusion 204.
A brush 218 of the charging interface 200 is shown disposed over the first electrical contact
212 in Figure 7. In some examples (not shown), a corresponding brush may be disposed
below the second electrical contact 214. The brush 218 can be configured to translate with
the shroud 216 such that a translation of the brush 218 rubs against the first electrical contact
212 to clean it.

[0099] A biasing member 242 (e.g., a spring) is shown disposed along a side of
the protrusion 204. The biasing member 242 is coupled to the shroud 216 (not shown) to bias
the shroud 216 toward an off or closed position. A corresponding biasing member 244 (not

shown in Figure 7) is disposed on an opposite side of the protrusion 204 and is also coupled
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to the shroud 216 (not shown in Figure 7). Any suitable biasing structure can be used to bias
the shroud toward the closed position. For example, a single spring can be used. In some
cases, a compressible element can be compressed when the shroud 216 moves toward the
open position and can rebound to push the shroud 216 back to the closed position.

[0100] Figure 8A shows a bottom perspective view of the charging interface 200
of Figure 4 with the shroud 216 removed. The second electrical contact 214 and the biasing
member 244 can be clearly seen. As shown, one or more of the biasing member 242 and/or
the biasing member 244 may be disposed within corresponding recesses in the sides of the
protrusion 204.

[0101] Figure 8B shows the shroud 216 removed from the protrusion 204. The
shroud 216 can include the brush 218. The brush 219 can be coupled to the shroud 216 so
that the brush 218 moves with the shroud 216 to clean the first electrical contact 212. The
brush 218 can be coupled to a top surface of the inside of the shroud 216. A similar brush
can be coupled to a bottom surface of the inside of the shroud 216. The brush(es) can be
removably coupled to the shroud, or can be adhered thereto, or any other suitable coupling
mechanism or technique can be used.

[0102] Figure 8C is a cross-sectional view of a portion of the charging interface
200. The cross-section of Figure 8C is taken through a center of the protrusion 204. The
charging interface 200 can include circuitry 250, which can be positioned between the first
and second electrical contacts 212, 214. The circuitry 250 can be on a printed circuit board
(PCB). Figure 9 shows a bottom perspective view of the charging interface 200 of Figure 4
with a portion of the protrusion 204 removed to allow a view of an interior of the protrusion
204. The circuitry 250 includes a plurality of electromagnetic switches 254 (e.g., disposed
on an underside of the PCB). The electromagnetic switches 254 can be disposed above the
second electrical contact 214 (not shown) and/or below the first electrical contact 212. Note
that the view of Figure 9 is from underneath the protrusion 204. As shown, the circuitry 250
includes two sets of electromagnetic switches 254 arranged in parallel. Each set includes four
electromagnetic switches 254 and each of the electromagnetic switches 254 within each set is
in series with each other. The first set of electromagnetic switches 254 can be closer to the
distal end of the protrusion than the second set of electromagnetic switches 254. Thus, if the

mobile robot 50 were to advance to a first, its magnet can turn on the first set of
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electromagnetic switches 254, but not the second set. If the mobile robot 50 were to advance
further to a second position, its magnet can turn on the second set of electromagnetic
switches 254, but not the first set. Accordingly, the parallel sets of electromagnetic switches
254 can provide a range of positions for the mobile robot 50 where the charging can be
enabled. The set of electromagnetic switches 254 arranged in series can be arranged
generally laterally to the direction of the protrusion 204. Thus, if the mobile robot 50 were
misaligned so that the electrical contacts 56, 58 do not properly align with the charging
contacts 212, 214, the magnet of the mobile robot 50 can be positioned to turn on some, but
not all of the in-series electromagnetic switches 254. Thus, charging would not be disabled
due to misalignment of the mobile robot 50.

[0103] The circuitry 250 can include a temperature sensor 232, which can
measure the temperature at the circuitry, at the area between the first and second electrical
contacts 212, 214, or in the protrusion. The temperature sensor 232 can provide a
measurement indicative of temperature at the first electrical contact 212 and/or the second
electrical contact 214. The circuitry 250 can include a controller 228. The controller 228 can
perform an electrical handshake or other verification protocol, as discussed herein, and can
perform various other functions disclosed herein. In some cases, the controller 228 can be
located remotely from the electrical contacts, at a location not shown in Figure 9.

[0104] Figure 10 shows a detailed view of an example electromechanical switch
220, according to some embodiments. The electromechanical switch 220 includes a base 304,
a biasing member 308, an arm 312 extending from the biasing member 308, and an
engagement feature 316. The base 304 may be coupled (e.g., fixedly, removably) to the
protrusion 204. The biasing member 308 may be coupled to the base 304 to allow for
actuation of the biasing member 308. The biasing member 308 may be a cantilever spring
(e.g., as shown) or some other type of spring. Any suitable biasing structure can be used,
such as a spring or compressible elastic material. The arm 312 may extend from the biasing
member 308 to allow the engagement feature 316 to have better engagement with a
corresponding actuating member (e.g., a portion of the shroud 216, the actuator 62 of the
mobile robot 50). The arm 312 may be substantially rigid to maintain an orientation of the
engagement feature 316 relative to the biasing member 308. As shown the engagement

feature 316 may include a rotating feature to reduce the friction between the engagement
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feature 316 and the corresponding actuating member. Other electromechanical switches are
possible. The switch 220 can be a momentary switch or a biased switch. The switch 220 can
be biased to the off or non-conductive position.

[0105] Figure 11 shows example circuitry (e.g., on a printed circuit board) 400
that may be disposed in a charging interface described herein, according to some
embodiments. The circuitry 400 can be on a circuit board 402. The circuitry 400 can include
a plurality of electromagnetic switches 404. The electromagnetic switches 404 can be
arranged in parallel and/or series, as discussed herein. As shown, the circuitry 400 includes
45 electromagnetic switches 404, with 9 sets of electromagnetic switches 404, arranged in
parallel. Each set includes 5 electromagnetic switches 404 connected in series with one
another. In some embodiments, the electromagnetic switches 404 can be in electrical
communication with a communication interface 408. In some examples, the circuitry or
another controller can determine whether a sufficient number of the electromagnetic switches
404 have been switched to an on position. If a sufficient number of electromagnetic switches
404 have been switched to the on position, then the a communication interface 408 can send
a signal to a controller (e.g., the controller 128 of Figure 3) to indicate that the safety feature
has been satisfied. The flow of electricity can be enabled, subject to the satisfaction of the
other required safety features, as discussed herein. Other orientations, arrangements, and
numbers of electromagnetic switches 404 are possible.

[0106] Figure 12A shows an example charging interface 500 that includes a trap
configuration of a shroud 516, according to some embodiments. The charging interface 500
includes a protrusion 504, a shroud 516, and an engagement element 560. The protrusion 504
may be shaped like the protrusion 204 described above.

[0107] The shroud 516 can have open and closed configurations mimicking a
trap. The shroud 516 can include a first portion or plate 516a and a second portion or plate
516b. The first plate 516a may pivot about a first hinge 552, and the second plate 516b may
pivot about a first hinge 554. One or both of the hinges 552, 554 may be oriented
substantially horizontally, substantially parallel to the ground, and/or substantially parallel to
a top of the protrusion 504. One or both of the hinges 552, 554 may be oriented substantially
orthogonally to a direction that the protrusion extends and/or orthogonally to a direction of

motion of the mobile robot during engagement with the charging interface 500. As the
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mobile robot 50 approaches the shroud 516, an actuator of the mobile robot 50 may come
into contact with a first bumper 556 and a second bumper 558 coupled to the respective first
and second plates 516a, 516b. In response to the contact, the first plate 516a may rotate
upward to reveal a first electrical contact thereunder. Similarly, the second plate 516b may
rotate downward to reveal a second electrical contact. The open configuration is shown in
Figure 12B. The plates 516a, 516b may be biased in their respective closed positions. First
and second electrical wires 536, 538 are shown, which electrically couple to the first and
second electrical contacts. In some embodiments, the distal ends of the first plate 516a
and/or the second plate 516b can have corresponding rollers 556 and 558, which can roll
along the front surface of the mobile robot 50 as the plates 516a, 516b open.

[0108] The engagement element 560 may be configured to contact a
corresponding element of the mobile robot 50. The engagement element 560 may be
configured to contact a distal portion of the receiving interface 54 of the mobile robot 50 and
to translate in order to actuate an electromechanical switch (not shown). In some examples,
the engagement element 560 is the electromechanical switch and can be actuated directly by
the mobile robot 50. For example, a wall or other structure inside the recess that receives the
protrusion 504 can be positioned so as to press or otherwise actuate the engagement element
560 (which can be a momentary switch or other switch type). In some embodiments, one of
the plates 516a or 516b can push a momentary switch, when they are opened by a sufficient
amount.

[0109] Figure 13A shows an example charging interface 600 with a pivot
configuration of a shroud 616, according to some embodiments. Figure 13A shows the
shroud 616 in a closed position, and Figure 13B shows the shroud 616 in an open position.
The charging interface 600 includes a protrusion 604, a first electrical contact 612, a second
electrical contact (not visible in Figure 13B), and a shroud 616. The shroud 616 can pivot,
such as about about an axis that is substantially vertical or substantially perpendicular to the
ground. As the mobile robot 50 approaches, the shroud 616 can be pivoted by a structure on
the mobile robot 50 to expose the first electrical contact 612 and the second electrical contact
(not shown). As shown, each plate of the shroud 616 may be configured to rotate together

about the same axis. However, in some examples each plate of the shroud 616 may have its
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own axis of rotation. Additionally or alternatively, each axis of rotation may be parallel to
each other. Other options are possible.

[0110] Figure 14 shows a flowchart representing an example method 700 of
charging a mobile robot, according to certain embodiments. The method may be performed
by one or more elements described herein. For example, steps of the method may be
performed by a charging interface (e.g., the charging interface 100, the charging interface
200, the charging interface 500, the charging interface 600), a mobile robot (e.g., the mobile
robot 50), and/or portions of one or both, or any other embodiments disclosed herein.

[0111] At block 704, the method 700 includes advancing a mobile robot towards
a charger so that a protrusion of the charger inserts into a recess of the mobile robot. At block
708, the method 700 includes advancing the mobile robot to move a shroud on the protrusion
of the charger from a closed position to an open position to expose one or more electrical
contacts on the protrusion. The shroud may be biased toward the closed position.

[0112] Advancing the robot may cause the shroud to actuate the momentary
switch from the off position to the on position. In some embodiments, advancing the robot
causes a portion of the robot to directly actuate the momentary switch from the off position to
the on position. The shroud may slide linearly along the protrusion from the closed position
to the open position. In some examples, the shroud pivots between the closed position and
the open position. In some examples, the shroud includes an upper portion that pivots upward
to expose an upper electrical contact on the protrusion, and a lower portion that pivots
downward to expose a lower electrical contact on the protrusion.

[0113] At block 712, the method 700 can include advancing the mobile robot so
that one or more electrical contacts in the recess of the mobile robot come into electrical
connection with the one or more electrical contacts on the protrusion of the charger. The
recess on the mobile robot may include a substantially horizontal slit. At block 716, the
method 700 includes advancing the mobile robot so that a magnetic field produced by a
magnet on the mobile robot turns on one or more reed switches on the charger.

[0114] At block 720, the method 700 includes advancing the mobile robot to
actuate a momentary switch from an off position to an on position to activate the momentary

switch. The momentary switch is biased toward the off position. In some examples, the one
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or more reed switches turn on before the momentary switch is activated as the mobile robot
advances.

[0115] At block 724, the method 700 includes transmitting electrical signals
between the mobile robot and the charger using the electrical connection between the one or
more electrical contacts of the mobile robot and the one or more electrical contacts of the
charger to perform an electrical handshake. The electrical handshake may include the charger
verifying the mobile robot and/or the mobile robot verifying the charger.

[0116] At block 728, the method 700 includes sending a charging current from
the charger to the mobile robot. The charging current may be passed through the electrical
connection between the one or more electrical contacts of the charger and the one or more
electrical contacts of the mobile robot. The block 728 may be performed in response to the
one or more reed switches turning on, the activation of the momentary switch, and the
electrical handshake being completed. Thus, in some embodiments, each safety measure
must be satisfied before charging current is passed from the charger to the mobile robot.

[0117] In some examples, the charger includes an upper electrical contact on an
upper side of the protrusion and a lower electrical contact on a lower side of the protrusion.
The mobile robot can include an upper electrical contact on an upper side of the recess and a
lower electrical contact on a lower side of the recess. The protrusion may extend
substantially horizontally and/or may be elevated above the ground.

[0118] The method 700 may include cleaning the one or more electrical contacts
on the protrusion of the charger as the shroud moves. In some examples, the method 700
includes monitoring a temperature at the protrusion of the charger and disabling the charging
current when the monitored temperature is above a threshold temperature.

[0119] The method 700 may further include retracting the mobile robot from the
charger to deactivate the momentary switch and, in response to deactivation of the
momentary switch, stopping the charging current to disable charging of the mobile robot.
The method 700 can include retracting the mobile robot so that the magnet moves away from
the one or more reed switches to turn off the one or more reed switches. Further, the method
700 may include retracting the mobile robot so that the shroud moves from the open position
to the closed position to cover the one or more electrical contacts on the protrusion of the

charger and retracting the mobile robot so that the protrusion of the charger is withdrawn
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from the recess of the mobile robot. In some examples, the one or more reed switches turn
off after the momentary switch is deactivated as the mobile robot retracts.

[0120] The charger can be configured to enable charging when all four safety
checks are performed: when the momentary switch 120 is on, when the one or more reed
switches 124 are in an on configuration, when the measured temperature is below a
threshold, and when an electronic handshake or verification has been completed. The
charger can disable charging if the momentary switch 120 is off, or if the one or more reed
switches 124 are in an off configuration, or if the measured temperature is above a threshold,
or if an electronic handshake or verification has not been completed.

[0121] Other combinations are possible. Any combination of the four safety
checks can be used. For example, the charger can be configured to enable charging when
three safety checks are performed, such as when the momentary switch 120 is on, when the
one or more reed switches 124 are in an on configuration, and when an electronic handshake
or verification has been completed. In this embodiment, the temperature sensor can be
omitted. The charger can disable charging if the momentary switch 120 is off, or if the one
or more reed switches 124 are in an off configuration, or if an electronic handshake or
verification has not been completed.

[0122] The charger can be configured to enable charging when two safety checks
are both performed such as when the momentary switch 120 is on and when the one or more
reed switches 124 are in an on configuration. The charger can disable charging if the
momentary switch 120 is off or if the one or more reed switches 124 are in an off
configuration. In some cases, a single safety check can be performed, such as using a
momentary switch or one or more reed switches.

[0123] Many variations are possible. For example, the one or more reed switches
can be omitted in some embodiments. The momentary switch can be omitted in some
embodiments. In some embodiments, the switch 120 is not a momentary switch and is not
biased to the off position. For example, the structure of the mobile robot 50 can be
configured to toggle the switch 120 off as the mobile robot retracts from the charger 100. In
some embodiments, a protrusion of the charging interface can include only one electrical

contact, rather than two, as shown. In some cases, a second electrical contact can be

-35-



WO 2022/015576 PCT/US2021/040924

established elsewhere. In some cases, two protrusions can be used, each with one electrical
contact.

Load Identification

[0124] With reference to Figure 15, in some embodiments, a power station 800
can be used to charge a battery pack 802 of an autonomous mobile robot 50. The battery
pack 802 can be removable from the mobile robot 50. In Figure 15, two battery packs 802a
and 802b are shown, with a first battery pack 802a that is removed from the mobile robot 50,
and a second battery pack 802b that is engaged with the mobile robot 50. The battery pack
802b can provide power to the mobile robot 50. The battery pack 802b is shown simplified in
Figure 15 for ease of illustration, but the battery pack 802b can be the same as the battery
pack 802a. The power station 800 can include a connector 804, and the battery pack 802a
can include a corresponding connector 806. The electrical connectors 802 and 804 can be
configured to engage each other to pass electrical signal and/or power between corresponding
electrical contacts on the connectors. The battery pack 802b can be electrically coupled to
the mobile robot 50 via connectors 804 and 806 (not shown in Figure 15), so that the battery
pack 802b can provide power to operate the mobile robot 50 or so that the battery pack 802b
can be charged through the mobile robot 50.

[0125] The power station 800 can be used to charge a battery pack 802a directly
when the battery pack 802 is removed from the mobile robot 50. The connector 804 of the
power station 800 can connect to the connector 806 of the battery pack 802a to transfer
power and signals, as discussed herein. The power station 800 can also be used to charge a
battery pack 802b while the battery pack 802b is in a mobile robot 50. The connector 804 of
the power station 800 can connect to a corresponding connector 806 on a charger 100 (e.g., a
docking station) to transfer power and signals as discussed herein. The power can be
transferred from the power station 800 to the charger 100, via the connectors 804 and 806.
The power can then be transferred from the charger 100 to the mobile robot 50, via the first
or upper contact 112 and the second or lower contact 114 on the charger 100 and the
corresponding first or upper contact (e.g., teeth) 56 and the second or lower contact (e.g.,
teeth) 58 on the mobile robot, as discussed herein. The power can then be transferred from
the mobile robot 50 to the battery pack 802b using connectors similar to the connectors 804

and 806. The power station 800 can charge the battery pack 802b by sending the electrical
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power through the charger 100 and the mobile robot 50 to reach the battery pack 802b. The
power station 800 can use the same interface (e.g., connector 804) for charging the battery
pack 802a directly or through the charger 100.

[0126] The power station 800 can receive feedback signals which it can use to
identify the type of load. For example, the power station 800 can be configured to identify
any combination of the following: charging the battery pack 802b through the charger 100
(e.g., docking station), charging the battery pack 802a directly, charging the battery pack
802a directly when the battery pack is dead or substantially discharged, and/or an
unidentified load. The power station 800 can monitor current and/or voltage to identify the
different types of loads, as described herein. The power station 800 can operate differently
when charging under these different circumstances, as discussed herein. For example, when
charging the battery pack 802b through the charger 100, the power station 800 can monitor a
temperature of the charger 100, whereas when charging the battery pack 802a directly, the
power station 800 can monitor the voltage from the battery cell(s). That information can be
used by the power station 800 to determine when to provide charging power and when to
disable charging, which can improve safety and efficiency.

[0127] Some chargers merely provide constant current or voltage, so that
charging power can be transferred whenever a load is electrically coupled thereto. In
contrast, some smart charging systems perform robust communication between the load and
the charger, such as using wireless, Bluetooth, or other communication protocols). The smart
charging systems can pass detailed information about the state of the load to the supply,
about the state of the supply to the load, about charging request details, etc. In some
embodiments, the systems disclosed here can provide limited transfer of information for
identifying the load and monitoring, without the cost and complexity of more complicated
smart charging systems.

[0128] Figure 16 shows an example embodiments of connector 804 and 806. The
connector 804 can be a male connector and the connector 806 can be a female connector,
although the reverse configuration can be used, and various other types of connector
configurations can be used. The contacts can be conductive pins, or corresponding
conductive recesses, for example. The connector 806 can have two power contacts 808a and

808b for transferring bus power (e.g., for charging up the battery pack). The connector 806
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can have four auxiliary contacts 810, 812, 814, and 816. The auxiliary contacts can include
two output contacts 810 and 812, which can be configured to output voltage signals to the
power station 800. The auxiliary contacts can include two input contacts 814 and 816, which
can be configured to receive input voltage (e.g., separate from the main power transferred
through the power contacts 808a and 808b). The connector 804 can have two power contacts
818a and 818b, and four auxiliary contacts 820, 822, 824, and 826, which can correspond to
the contacts on the connector 806. The connector 804 can have two input contacts 8§20 and
822, which can be configured to receive the voltage signals from the output contacts 810 and
812 of the connector 806. The connector 804 can have two output contacts 824 and 826,
which can output voltage (e.g., separate from the main power transferred through the power
contacts 818a and 818b). In some embodiments, the power station 100 can output a constant
voltage (e.g., 24 volts, although other voltage values can be used) on each of the output pins
824 and 826. In some embodiments, Euro Battery Connectors from Anderson Power
Products can be used, although any suitable connectors could be used.

[0129] The auxiliary contacts can be used to identify the type of load. The
amount of current pulled from the power station 800 through the auxiliary contacts and/or the
voltage values sent to the power station 800 through the auxiliary contacts can be different
for the different types of loads. The power station 800 can monitor the amount of current
that is drawn through the auxiliary contacts 824 and 826 and/or the voltage values that are
provided through the auxiliary contacts 820 and 822. Since different values are produced
depending on what the connector 804 is plugged into, the power station 800 can identify the
load.

[0130] When charging the battery pack 802b through the charger 100, the power
station 800 can monitor a temperature of the charger 100. The charger 100 can have a
temperature sensor 132, as discussed herein. In some cases, if the contacts 112 and 114 on
the paddle get dirty, excess heat can build up during charging. At least one voltage value
provided as feedback to the power station 800 can be indicative of the temperature of the
charger 100 (e.g., at one or both of the contacts 112 and 114). The power station 800 can use
the feedback voltage to monitor the temperature of the charger 100. If the temperature

exceeds a threshold temperature value, the power station 800 disable charging.
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[0131] When charging the battery pack 802a directly, the power station 800 can
monitor a voltage of the battery pack 802a. When the battery pack 802a is disconnected, the
voltage of the battery pack 802a will stop being fed back to the power station 800. In
response, the power station 800 can disable charging. When the battery pack 802b is being
charged in the mobile robot 50, the voltage of the battery pack 802a is not fed back to the
power station 800. For example, the mobile robot 50 can monitor the voltage of the battery
pack 802b. The mobile robot 50 can disable charging if the battery pack 802b is removed so
that the mobile robot 50 no longer sees the monitored voltage.

[0132] During initiation, the power station 800 determines the type of load and
that determination can control how the power station 800 monitors the charging. The power
station 800 can receive feedback signals (e.g., voltage signals through the auxiliary contacts
on the connector 804), and the determined type of load can affect how those feedback signals
are interpreted (e.g., as signals indicative of a temperature or a battery voltage).

[0133] The power station 800 can be configured to only enable charging if an
acceptable load is identified. In some cases, the power station 800 can determine that an
inappropriate load is connected, and can disable charging in response. In some cases, the
connector 804 may be able to physically connect with other devices that are not shown in
Figure 15, such as a forklift or other machinery. The power station 800 can prevent charging
power (which can be 6.2 kilowatts, although other values can also be used) from being
delivered to an unintended device.

[0134] The power station 800 can perform two steps of verification before
enabling the charging power. One verification can be based on an amount of current drawn
from the power station 800. The other verification can be based on feedback signals (e.g.,
voltage signals) sent back to the power station 800 from the attached device. If both
verifications are satisfied, the power station 800 can enable charging. If either verification
fails, the power station 800 can disable charging, can provide an alert or warning, and/or can
request user input or remedial action.

[0135] The power station 800 can have a power source 830, which can supply
power for operation of the power station 800 and for providing charging power to charge the
battery packs 802a and 802b. The power station 800 can include a current sensor 832, which

can measure the current that is output through one of the auxiliary contacts of the connector
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804. The power station 800 can include a controller 834. The controller 834 can include one
or more hardware processors, which can execute instructions that are stored in memory. In
some cases, the controller 834 can include a special purpose processor with hardware
designed to perform the functions of the power station 800, as discussed herein. The power
station 800 can include a user interface 836, which can receive input from a user and/or
provide output of information to a user. For the example, the user interface 836 can include a
display, a speaker, a printer, etc. The user interface 836 can include one or more buttons,
dials, switches, or other user input elements.

[0136] The battery pack 802a can include the connector 806. One or more battery
cells 838a and 838b can be coupled to the connector 806 so that the battery 838 can be
charged. Although two battery cells 838a and 838b are shown in Figure 15, any suitable
number of battery cells can be used, including a single battery cell. One of the auxiliary
contacts of the connector 806 can provide a voltage values of the battery (Vbatt) to the power
station 800 when attached. One of the auxiliary contacts of the connector 806 can provide an
intermediate battery voltage taken between batter cells, which can be a center tap voltage
(Vet).

[0137] The battery pack 802a can have a switch 840, which can turn on (e.g., to a
conductive configuration) to enable charging of the battery cells 838, and which can turn off
(e.g., to a nonconductive state) to impede charging of the battery cells 838. The switch 840
can be a relay, a contactor, a solenoid, or any other suitable switching device. One of the
auxiliary contacts of the connector 806 can be coupled with the contactor or other switch 840
to provide a current to operate the switch 840. For example, when connected to the power
station 800, a signal of 24 volts can be supplied to the switch 840, which can operate the
switch 840 and can result in a draw of current between the connector 804 of the power
station 800 can the connector 806 of the battery pack 802a. The current sensor 832 of the
power station 800 can measure the current.

[0138] One of the auxiliary contacts of the connector 806 can be coupled with
additional electronics 842 of the battery pack 802a, such as battery health monitoring, battery
state of charge monitoring, overcharge monitoring, etc. In some embodiments, the
electronics 842 can operate using power from the battery cells 838. The voltage (e.g., 24

volts) provided to the electronics 842 from the power station 800 can enable the battery pack
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802a to be charged after the battery pack has been substantially depleted. A dead, or drained,
or depleted battery can have charge that is below a threshold minimum charge that would
enable the battery to operate without external power. When a battery pack 802a is depleted,
it can be recovered, in part because the power station can deliver power (e.g., 24V) through
the connectors 804 and 806 to operate the electronics 842 of the battery pack 802a.

[0139] The charger 100 can include a connector 806. A controller 128 can
operate components of the charger 100 as discussed herein. The charger 100 can have a
temperature sensor 132, which can provide a voltage signal that is indicative of the
temperature of the charger 100 (e.g., at the upper and/or lower contacts 112/114). The
temperature voltage signal can be delivered through one of the auxiliary contacts of the
connector 806 to the power station 800, so that the power station 800 can monitor the
temperature during charging. A voltage feedback signal indicative of a sensed voltage
(Vsens) being provided to the mobile robot 50 can be generated and provided to the power
station 800 through one of the auxiliary contacts of the connector 806. The voltage input
signals (e.g., 24 Volts) can be delivered to the controller 128. The voltage input signals (e.g.,
24 Volts) can be used to operate one or more of the limit switch 120 (or momentary switch),
the reed switches 124, the temperatures sensor 132 or other components. There can be a
resulting current draw from the power station across the auxiliary contact. The current
sensor 832 of the power station can measure that current. In some embodiments, one of the
voltage input signals (e.g., 24V) can be used to operate the temperatures sensor 132, the
limits switch 120 and the reed switches 124, and the other voltage input signal (e.g., 24V)
can be delivered to a resistor 844. The resistor 844 can produce a current, which can be
measured by the current sensor 832 of the powers station 800.

[0140] For current sensing when charging the battery pack 802a directly the
power station current sensor 832 can sense the current that is used for an internal contactor or
other switch 840. For the charger current sensing, once the shroud is moved back and the
limit switch and reed switches are enabled, that circuit can have a generally fixed current
draw, which can be different from the current draw of the battery pack 802a on the auxiliary
pin. So the circuit with the limit switch 120 and reed switches 124, etc. sets the expected

current draw on the auxiliary pin for charging that goes through the charger 100.
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[0141] In some embodiments, the current draw on the auxiliary pin is not
functional when charging the battery pack 802a directly. The battery pack can be configured
to create a current draw to be different from the current draw of the charging through the
charger 100 (e.g., docking station). By way of example, the charger can draws about 50 to
about 100 milliamps. If the current draw measured by the current sensor 832 is in this range,
the power station 800 can determine that the load is applied through the charger. The range
for the current draw when charging the battery directly can be about 200 to about 1000
milliamps. Other values and ranges can be used.

[0142] The power station 800 can receive two voltage feedback signals. When
charging the battery pack 802a directly, a first voltage feedback value (Vct) can be in a first
range (e.g., about 0-30 volts) and the second voltage feedback value (Vbatt) can be in a
second range (e.g., about 30-60 volts). The second voltage feedback value is greater than the
first voltage feedback value. This condition can be used by the power station as an indication
that the battery pack 802a is being charged directly.

[0143] When charging through the docking station, the voltage ranges can be
flipped, so the first voltage feedback value can be in the second range (e.g., about 30-60
volts), and the second voltage feedback value can be in the first range (e.g., 0-30 volts). Any
other voltage feedback ranges could be used. In some cases, the ranges do not overlap, so
that they values can be used to distinguish between charging the battery pack 802a directly
and charging through the charger 100 (docking station).

[0144] For charging the battery pack 802a directly, one of the 24 volts signals can
be used to power the battery pack 802a electronics 842, rather than the electronics 842 using
the battery pack 802a power, which can enable the power station 8000 to power up a dead
battery pack 802a. The signal sent to the electronic 842 does not have current sensing
applied to measure it, in some embodiments. The other 24 volt signal can have the current
monitored. That 24 volt signal can be directly connected to a solenoid or a contactor 840
within the battery pack 802a, which can connect the battery cells 838 to the charging power.

[0145] For charging through the charger 100 (e.g., docking station), the 24 volt
output that is not current monitored can be used to power the electronics on the charger 100
(e.g., the reed switches 124, the limit switch 120, the temperature sensor, etc.). The other 24

volt output can be used to measure the current, and can be connected in series with a resistor
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844 with a known resistance value and the reed switches 124 and limit switch 120. When the
reed switches 124 and the limit switch 120 are triggered, the voltage signal (e.g., 24 volts)
can go across a known resistance to produce a known current draw, which can be measured
(e.g., by the power station 800).

[0146] Generally, when charging through the charger 100 (e.g., docking station),
the current draw happens before the power station 800 receive the feedback voltage signals.
As the mobile robot 50 rolls up to the charger 100, there is a current drawn from the power
station 800. Then once the mobile robot 50 docks with the charger 100 it would present the
feedback voltages signals. The power station 800 can be configured to enable charging when
the current draw in before the feedback voltage values, and to disable charging if they occur
at the same time. However, if you turn on a charger 100 station and the mobile robot 50 was
already on the charger 100 station, then the current and voltage would happen at the same
time. In that instance, the timing would not be as expected, and the power station 800 would
not enable charging. The mobile robot 50 can be configured to wait for a time if it is
expecting to receive charge. But if the charging does not start within the specified amount of
time, in response the mobile robot 50 can be programmed to back off the charger 100 and to
reengage to get the charging started.

[0147] For charging a dead battery pack, the battery pack can pull current, as
discussed herein. But since the battery cells 838 are dead, they don’t provide the voltage
feedback signals. When the current check passes, but no voltage gets returned, that can be an
indication of a dead battery pack 802a. But is isn’t yet confirmed. So the power station can
be configured to have a user interface prompt the user to indicate whether they have attached
a battery before starting the power.

[0148] The battery pack 802a can supplies the feedback voltage signals, such as
from the battery cells 838. Alternatively, the input signals (e.g., 24V) can be used to produce
the feedback voltage signals.

[0149] Figure 17 is a flow chart showing an example embodiments of a method
for charging a battery pack. At block 902, the power station 800 can output a current (e.g.,
on one of the auxiliary contacts of the connector). At block 904, the output current is
measured. If the output current is in a first range (e.g., about 50 to 100 milliamps), that can

be an initial indication that the load may be a battery pack for charging through the charger
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100 (e.g., docking station). If the output current is in a second range (e.g., about 200 to 1000
milliamps), that can be an initial indication that the load may be batter pack for charging
directly. If the output current is some other value outside the expected first and second
ranges, then the process can proceed to block 905 to find an indeterminate load, and disable
charging.

[0150] At block 906 the method can check whether the voltage feedback value(s)
meet a first condition that is indicative of the load including the charger 100 (e.g., docking
station). In some cases, when the first feedback voltage value is lower than second feedback
voltage value that can satisfy the first condition at block 906. Various other conditions can
be used, depending on how the battery pack 802a and the charger 100 are designed. If the
first condition is not met at block 906, the method can proceed to block 908 to find an
indeterminate load, and disable charging. If the first condition is met at block 906, the
process can proceed to block 910, with confirmation that the load is a battery pack 802b
being charged through the charger 100 (e.g., docking station). The load determination was
double verified since the measured current was in the first range, and the feedback signals
met the first condition. The power station 800 can then enable charging of the battery pack
802b through the charger 100. In some cases, the power station 800 can monitor the
temperature during charging. If the temperature is not over the threshold at block 912, then
charging is enabled, and the temperature monitoring is repeated. If the temperature is over
the threshold at bock 912, the process moves to block 916 and disables charging.

[0151] At block 918 the method can check whether the voltage feedback value(s)
meet a second condition that is indicative of the load being charging of the battery pack 802a
directly. In some cases, when the first feedback voltage value is higher than the second
feedback voltage value that can satisfy the second condition at block 918. Various other
conditions can be used, depending on how the battery pack 802a and the charger 100 are
designed. If the second condition is met at block 918, the process can proceed to block 920,
with confirmation that the load is a battery pack 802a being charged directly. The load
determination was double verified since the measured current was in the second range, and
the feedback signals met the second condition. The power station 800 can then enable
charging of the battery pack 802a. In some cases, the power station 800 can monitor the

battery voltage. If the battery voltage is detected at block 922, then charging is enabled, and
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the monitoring is repeated. If the battery voltage is not detected at block 922, the process
moves to block 926 and disables charging.

[0152] If the second condition is not met at block 918, the method can proceed to
block 930. If there was a feedback voltage, but it did not meet the second condition, then the
process moves to block 905 to find an indeterminate load, and disable charging. However, if
there was no feedback voltage at block 930, that means that the reason the second condition
was not met at block 918 may be that the battery pack has been depleted. At block 932 a
message and be communicated to a user via the user interface 836. The message can be a
question of whether the attached load is a battery pack. If the user provides a response that a
battery pack is not attached, the process can move to block 905 to find an indeterminate load,
and disable charging. However, if the user responds yes, that the attached load is a battery
pack 802a, then the process can proceed to block 934, where the determination is made that
the load is a dead battery. The battery pack can be charged until it provides voltage
feedback, and then the process can move to block 922 and proceed as discussed previously.

Additional Considerations

PEINNTS

[0153] Terms of orientation used herein, such as “top,” “bottom,” *“proximal,”
“distal,” “longitudinal,” “lateral,” and “end,” are used in the context of the illustrated
example. However, the present disclosure should not be limited to the illustrated orientation.
Indeed, other orientations are possible and are within the scope of this disclosure. Terms
relating to circular shapes as used herein, such as diameter or radius, should be understood
not to require perfect circular structures, but rather should be applied to any suitable structure
with a cross-sectional region that can be measured from side-to-side. Terms relating to

PR TS

shapes generally, such as “circular,” “cylindrical,” “semi-circular,” or “semi-cylindrical” or
any related or similar terms, are not required to conform strictly to the mathematical
definitions of circles or cylinders or other structures, but can encompass structures that are
reasonably close approximations.

[0154] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
intended to convey that certain examples include or do not include, certain features,

elements, and/or steps. Thus, such conditional language is not generally intended to imply

that features, elements, and/or steps are in any way required for one or more examples.
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[0155] Conjunctive language, such as the phrase “at least one of X, Y, and Z,”
unless specifically stated otherwise, is otherwise understood with the context as used in
general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive
language is not generally intended to imply that certain examples require the presence of at
least one of X, at least one of Y, and at least one of Z.

Y

[0156] The terms “approximately,” “about,” and “substantially” as used herein
represent an amount close to the stated amount that still performs a desired function or
achieves a desired result. For example, in some examples, as the context may dictate, the

PR3

terms “approximately,” “about,” and “substantially,” may refer to an amount that is within
less than or equal to 10% of the stated amount. The term “generally” as used herein
represents a value, amount, or characteristic that predominantly includes or tends toward a
particular value, amount, or characteristic. As an example, in certain examples, as the context
may dictate, the term “generally parallel” can refer to something that departs from exactly
parallel by less than or equal to 20 degrees. All ranges are inclusive of endpoints.

[0157] Several illustrative examples of mobile robots and charging interfaces
have been disclosed. Although this disclosure has been described in terms of certain
illustrative examples and uses, other examples and other uses, including examples and uses
which do not provide all of the features and advantages set forth herein, are also within the
scope of this disclosure. Components, elements, features, acts, or steps can be arranged or
performed differently than described and components, elements, features, acts, or steps can
be combined, merged, added, or left out in various examples. All possible combinations and
subcombinations of elements and components described herein are intended to be included in
this disclosure. No single feature or group of features is necessary or indispensable.

[0158] Certain features that are described in this disclosure in the context of
separate implementations can also be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation also can be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain combinations, one or more features from a claimed combination can in some cases be
excised from the combination, and the combination may be claimed as a subcombination or

variation of a subcombination.
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[0159] Any portion of any of the steps, processes, structures, and/or devices
disclosed or illustrated in one example in this disclosure can be combined or used with (or
instead of) any other portion of any of the steps, processes, structures, and/or devices
disclosed or illustrated in a different example or flowchart. The examples described herein
are not intended to be discrete and separate from each other. Combinations, variations, and
some implementations of the disclosed features are within the scope of this disclosure.

[0160] While operations may be depicted in the drawings or described in the
specification in a particular order, such operations need not be performed in the particular
order shown or in sequential order, or that all operations be performed, to achieve desirable
results. Other operations that are not depicted or described can be incorporated in the
example methods and processes. For example, one or more additional operations can be
performed before, after, simultaneously, or between any of the described operations.
Additionally, the operations may be rearranged or reordered in some implementations. Also,
the separation of various components in the implementations described above should not be
understood as requiring such separation in all implementations, and it should be understood
that the described components and systems can generally be integrated together in a single
product or packaged into multiple products. Additionally, some implementations are within
the scope of this disclosure.

[0161] Further, while illustrative examples have been described, any examples
having equivalent elements, modifications, omissions, and/or combinations are also within
the scope of this disclosure. Moreover, although certain aspects, advantages, and novel
features are described herein, not necessarily all such advantages may be achieved in
accordance with any particular example. For example, some examples within the scope of
this disclosure achieve one advantage, or a group of advantages, as taught herein without
necessarily achieving other advantages taught or suggested herein. Further, some examples
may achieve different advantages than those taught or suggested herein.

[0162] Some examples have been described in connection with the accompanying
drawings. The figures are drawn and/or shown to scale, but such scale should not be limiting,
since dimensions and proportions other than what are shown are contemplated and are within
the scope of the disclosed invention. Distances, angles, etc. are merely illustrative and do not

necessarily bear an exact relationship to actual dimensions and layout of the devices
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illustrated. Components can be added, removed, and/or rearranged. Further, the disclosure
herein of any particular feature, aspect, method, property, characteristic, quality, attribute,
element, or the like in connection with various examples can be used in all other examples
set forth herein. Additionally, any methods described herein may be practiced using any
device suitable for performing the recited steps.

[0163] For purposes of summarizing the disclosure, certain aspects, advantages
and features of the inventions have been described herein. Not all, or any such advantages are
necessarily achieved in accordance with any particular example of the inventions disclosed
herein. No aspects of this disclosure are essential or indispensable. In many examples, the
devices, systems, and methods may be configured differently than illustrated in the figures or
description herein. For example, various functionalities provided by the illustrated modules
can be combined, rearranged, added, or deleted. In some implementations, additional or
different processors or modules may perform some or all of the functionalities described with
reference to the examples described and illustrated in the figures. Many implementation
variations are possible. Any of the features, structures, steps, or processes disclosed in this
specification can be included in any example.

[0164] In summary, various examples of mobile robots and related methods have
been disclosed. This disclosure extends beyond the specifically disclosed examples to other
alternative examples and/or other uses of the examples, as well as to certain modifications
and equivalents thereof. Moreover, this disclosure expressly contemplates that various
features and aspects of the disclosed examples can be combined with, or substituted for, one
another. Accordingly, the scope of this disclosure should not be limited by the particular
disclosed examples described above, but should be determined only by a fair reading of the
claims. In some embodiments, the drive systems and/or support systems disclosed herein can

be used to move other devices or systems different than a mobile robot.
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THE FOLLOWING IS CLAIMED:

1. A power station comprising:
a power supply;
a connector that comprises:
at least one power contact for outputting power from the power supply
to charge a battery pack;
a first auxiliary contact for delivering current to a load;
a second auxiliary contact for receiving a voltage signal;
a current sensor for measuring the current delivered via the first auxiliary
contact; and
a controller configured to determine, based at least in part on the measured
current and the received voltage signal, whether the load is:
a) a battery pack inside a mobile robot that is electrically coupled to a
charger, which is coupled to the power station via the connector; or
b) a battery pack coupled directly to the power station via the
connector.

2. The power station of Claim 1, wherein the controller is configured to:

monitor a temperature of the charger via the voltage signal when the load is
determined to be the battery pack inside the mobile robot that is electrically coupled
to the charger; and

monitor a voltage of one or more battery cells of the battery pack via the
voltage signal when the load is determined to be the battery pack coupled directly to
the power station.

3. The power station of Claim 2, wherein the power station is configured to stop
outputting power when the monitored temperature is above a threshold temperature.

4. The power station of Claim 2, wherein the power station is configured to stop
outputting power when the voltage signal monitoring the voltage of the one or more
battery cells indicates that the battery has been disconnected from the power station.

5. The power station of Claim 1, wherein the connector comprises:

a third auxiliary contact for delivering another current to the load; and

a fourth auxiliary contact for receiving another voltage signal.
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6. The power station of Claim 5, wherein the current delivered by the first
auxiliary contact and the current delivered by the third auxiliary contact have
substantially the same voltage.

7. The power station of Claim 1, wherein the power station is configured to
deliver the current to the load via the first auxiliary contact at a substantially constant
voltage.

8. The power station of Claim 1, wherein the controller is configured to:

determine that the battery pack inside the mobile robot is electrically coupled
to the charger, which is coupled to the power station via the connector when the
measured current is in a first current range and the received voltage signal is in a first
voltage range; and

determine that the battery pack is coupled directly to the power station via the
connector when the measured current is in a second current range and the received
voltage signal is in a second voltage range.

9. The power station of Claim 8, wherein the controller is configured to
determine that the load is a dead battery pack when the measured current is in the second
current range and the received voltage signal is below a threshold voltage value.

10. The power station of Claim 1, wherein the controller is configured to
determine that the load is a dead battery pack based at least in part on the measured
current and the received voltage signal.

11. The power station of Claim 1, further comprising a battery pack that includes:

one or more battery cells;
a connector coupled to the connector of the power station, wherein the
connector of the battery pack includes:

at least one power contact for receiving power for charging the one or
more battery cells;

a first auxiliary contact for receiving the current from the first
auxiliary contact of the power station connector; and

a second auxiliary contact for delivering the voltage signal to the

second auxiliary contact of the power station connector, wherein the second
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auxiliary contact is coupled to the one or more battery cells so that the voltage
signal corresponds to a voltage of the one or more battery cells.

12. The power station of Claim 11, wherein the battery pack comprises a switch
between the at least one power contact and the one or more battery cells, wherein the
switch has a non-conductive configuration that disconnects the at least one power contact
from the one or more battery cells, wherein the switch has a conductive configuration that
electrically couples the at least one power contact to the one or more battery cells for
charging.

13. The power station of Claim 12, wherein the switch comprises a contactor,
solenoid, or relay.

14. The power station of Claim 12, wherein the first auxiliary contact is
configured to provide the current to the switch to put the switch in the conductive
configuration to enable charging of the one or more battery cells.

15. The power station of Claim 14, wherein the controller of the power station is
configured to determine that the load is the battery pack coupled directly to the power
station when the measured current is within a current range, and wherein the amount of
the current provided to put the switch in the conductive configuration is within the
current range.

16. The power station of Claim 11, wherein the connector of the battery pack
comprises a third auxiliary contact for receiving another current, wherein the battery pack
is configured to operate battery pack electronics from the another current so that the
battery pack can be recharged when the one or more battery cells are substantially
discharged.

17. The power station of Claim 11, wherein the connector of the battery pack
comprises a fourth auxiliary contact for providing another voltage signal, wherein the
fourth auxiliary contact is coupled to the one or more battery cells so that the voltage
signal corresponds to another voltage associated with the one or more battery cells.

18. The power station of Claim 1, further comprising the charger that includes:

a connector coupled to the connector of the power station, wherein the

connector of the charger includes:
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at least one power contact for receiving power for delivery to the
mobile robot;

a first auxiliary contact for receiving the current from the first
auxiliary contact of the power station connector; and

a second auxiliary contact for delivering the voltage signal to the
second auxiliary contact of the power station connector.

19. The power station of Claim 18, wherein the charger comprises a docking
station configured to receive the mobile robot.

20. The power station of Claim 18, wherein the charger comprises a temperature
sensor and wherein the voltage signal is indicative of a temperature measured by the
temperature sensor.

21. The power station of Claim 18, wherein the charger comprises a third
auxiliary contact for receiving another current, wherein the charger is configured to use
the another current to operate one or more sensors for detecting whether the mobile robot
is docked with the charger.

22. The power station of Claim 21, where the charger is configured to use the
another current to operate at least one momentary switch and/or at least one reed switch.

23. The power station of Claim 22, wherein the first auxiliary contact is connected
in series with a resistance and the at least one momentary switch and/or the at least one
reed switch, so that when the at least one momentary switch and/or the at least one reed
switch is on the current is produced within a current range, and wherein the controller of
the power station is configured to determine that the load is the battery pack inside a
mobile robot that is electrically coupled to the charger when the measured current is
within the current range.

24. The power station of Claim 18, wherein the charger comprises a fourth
auxiliary contact for providing another voltage signal that is indicative of a charging
voltage provided from the charger to the mobile robot.

25. The power station of Claim 18, further comprising the mobile robot docked
with the charger, wherein the mobile robot includes the battery pack.

26. The power station of Claim 25, wherein the battery pack is removable.
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27. The power station of Claim 25, wherein the mobile robot is configured to
monitor a battery voltage of the battery pack and disable charging if the monitored
battery voltage indicates that the battery pack has been removed.

28. A battery pack comprising:

one or more battery cells;
a connector comprising:

at least one power contact for receiving power to charge the one or
more battery cells;

a first auxiliary contact for receiving current;

a second auxiliary contact for delivering a voltage signal, wherein the
second auxiliary contact is coupled to the one or more battery cells so that the
voltage signal corresponds to a voltage of the one or more battery cells; and

a switch between the at least one power contact and the one or more
battery cells, wherein the switch has a non-conductive configuration that
disconnects the at least one power contact from the one or more battery cells,
wherein the switch has a conductive configuration that electrically couples the
at least one power contact to the one or more battery cells for charging.

29. The battery pack of Claim 28, wherein the switch comprises a contactor,
solenoid, or relay.

30. The battery pack of Claim 28, wherein the first auxiliary contact is configured
to provide the current to the switch to put the switch in the conductive configuration to
enable charging of the one or more battery cells.

31. The battery pack of Claim 30, further comprising a power station configured
to determine that a load is the battery pack coupled directly to the power station when a
measured output current is within a current range, and wherein the amount of the current
provided to put the switch in the conductive configuration is within the current range.

32. The battery pack of Claim 28, wherein the connector of the battery pack
comprises a third auxiliary contact for receiving another current, wherein the battery pack
is configured to operate battery pack electronics from the another current so that the
battery pack can be recharged when the one or more battery cells are substantially

discharged.
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33. The battery pack of Claim 32, wherein the current delivered by the first
auxiliary contact and the another current delivered by the third auxiliary contact have
substantially the same voltage.

34. A charger for a mobile robot, the charger comprising:

a connector that includes:

at least one power contact for receiving power for delivery to the
mobile robot;

a first auxiliary contact for receiving the current from the first
auxiliary contact of the power station connector; and

a second auxiliary contact for delivering the voltage signal to the
second auxiliary contact of the power station connector; and
a docking station configured to deliver the power to the mobile robot.

35. The charger of Claim 34, wherein the charger comprises a temperature sensor
and wherein the voltage signal is indicative of a temperature measured by the temperature
Sensor.

36. The charger of Claim 34, wherein the connector comprises a third auxiliary
contact for receiving another current, wherein the charger is configured to use the another
current to operate one or more sensors for detection whether the mobile robot is docked
with the charger.

37. The charger of Claim 36, where the charger is configured to use the another
current to operate at least one momentary switch and/or at least one reed switch.

38. The charger of Claim 37, wherein the first auxiliary contact is connected in
series with a resistance and the at least one momentary switch and/or the at least one reed
switch, so that when the at least one momentary switch and/or the at least one reed switch
is on the current is produced within a current range.

39. The charger of Claim 38, and wherein a controller of a power station is
configured to determine that a load is the battery pack inside a mobile robot that is
electrically coupled to the charger when the measured current is within the current range.

40. The charger of Claim 34, wherein the charger comprises a fourth auxiliary
contact for providing another voltage signal that is indicative of a charging voltage

provided from the charger to the mobile robot.
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41. The charger of Claim 34, further comprising the mobile robot docked with the
charger, wherein the mobile robot includes the battery pack.

42. A method of charging a battery pack of a mobile robot, the method
comprising:

delivering current from a power station to a load through a first contact of a
connector of the power station;
measuring the current delivered through the first contact;
receiving a voltage signal through a second contact of the connector;
determining, based at least in part on the measured current and the received
voltage, whether the load is:
a) a battery pack inside a mobile robot that is electrically coupled to a
charger, which is coupled to the power station via the connector; or
b) a battery pack coupled directly to the power station via the
connector; and
delivering power from the power station through the connector to charge the
battery pack.

43. The method of Claim 42, comprising determining that the load is the battery
pack inside the mobile robot that is electrically coupled to the charger, which is coupled
to the power station via the connector.

44. The method of Claim 43, comprising measuring a temperature of the charger,
wherein the received voltage signal through the second contact of the connector is
indicative of the measured temperature.

45. The method of Claim 44, comprising disabling charging in response to a
determination that the measured temperature is over a threshold temperature.

46. The method of Claim 42, comprising determining that the load is the battery

pack coupled directly to the power station via the connector.
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Advance a mobile robot towards a charger
708~ v

Advance the mobile robot to move a shroud on the protrusion of the
charger from a closed position to an open position

712~ v

Advance the mobile robot so that one or more electrical contacts of
the mobile robot come into electrical connection with the charger

716~ v

Advance the mobile robot so that a magnetic field produced by a magnet
on the mobile robot turns on one or more reed switches on the charger

7120~ v

Advance the mobile robot to actuate a momentary switch from an off
position to an on position
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Transmit electrical signals between the mobile robot and the charger
to perform an electrical handshake
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In response, send a charging current from the charger
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. D Claims Nos.: .
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group [: Claims 1-27, directed to an power station.

Group II: Claims 28-33 directed to an battery pack.

Group HlI: Claims 34-41 directed to an charger for a mobile robot.

Group IV: Claims 42-46 directed to an method of charging a battery pack of a mobile robot.
--see extra sheet

I. % As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. :

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

% No protest accompanied the payment of additional search fees.
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Continuation of Box No. 1| -- Observations where unity of invention is lacking

The inventions listed as Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical features of a connector that comprises: at least one power contact for outputting
power from the power supply to charge a battery pack; a first auxiliary contact for delivering current to a load; a second auxiliary contact
for receiving a voltage signal; a current sensor for measuring the current delivered via the first auxiliary contact; and a controller
configured to determine, based at least in part on the measured current and the received voltage signal, not included the other groups

The invention of Group Il includes the special technical features of one or more battery cells; a connector comprising: at least one power
contact for receiving power to charge the one or more battery cells; a first auxiliary contact for receiving current; a second auxiliary
contact for delivering a voltage signal, wherein the second auxiliary contact is coupled to the ane or more battery cells so that the
voltage signal corresponds to a voltage of the one or more battery cells; and a switch between the at least one power contact and the
one or more battery cells, wherein the switch has a non-conductive configuration that disconnects the at least one power contact from
the one or more battery cells, wherein the switch has a conductive configuration that electrically couples the at least one power contact
to the one or more battery cells for charging, not included the other groups.

The invention of Group Ill includes the special technical features of a connector that includes: at least one power contact for receiving
power for delivery to the mobile robot; a first auxiliary contact for receiving the current from the first auxiliary contact of the power station
connector; and a second auxiliary contact for delivering the voltage signal to the second auxiliary contact of the power station connector;
and a docking station configured to deliver the power to the mobile robot, not included the other groups.

The invention of Group IV includes the special technical features of delivering current from a power station to a load through a first
contact of a connector of the power station; measuring the current delivered through the first contact; receiving a voltage signal through
a second contact of the connector, determining, based at least in part on the measured current and the received voltage, delivering
power from the power station through the connector to charge the battery pack, not included the other groups.

COMMON TECHNICAL FEATURES

The only technical features shared by Groups I-IV that would otherwise unify the groups are a first auxiliary contact, a second auxiliary
contact, a connector, a power contact, a battery pack, a mabile robot and a power station. However, these shared technical features do
not represent a contribution over prior art as being disclosed by US 20160233555 A1 to Physical Sciences Incorporated (hereinafter
Physical Sciences).

The only additional technical features shared by Groups | and IV that would otherwise unify the groups a) a battery pack inside a mobile
robot that is electrically coupled to a charger, which is coupled to the power station via the connector; or b) a battery pack coupled
directly to the power station via the connector. However, these shared technical features do not represent a contribution over prior art as
being disclosed by Physical Sciences.

Physical Sciences discloses: a first auxiliary contact (30B) (Fig. 1-3, para. [0020]-{0024]: Microprocessor 50 inputs 1, 2, and 3 are used
to monitor the cell voltages. F1 is disposed in line 30 a ultimately connected to the positive terminal 16 a of the connector 14, FIG. 1 to
be connected to load 18 and charger 20. Line 30 a is also connected to the cell A as shown in FIG. 1. Fuse F1 could instead be
disposed in the common or negative line 30 d), a second auxiliary contact (30C) (Fig. 1-3, para. [0024]: Microprocessor 50 inputs 1, 2,
and 3 are used to monitor the cell voltages. Terminal on line 30 ¢ is the top or positive side of the first cell in the series connected to the
microprocessor input 3 and to the bottom (negative) of the second cell), a connector (22) (Fig. 1-3, para. [0020], [0031]: Balancing
connector 22 is aiso included and connected to charger 20 during charging of the battery pack. Balancing connector 22, FIG. 1, may be
used by the charger 20 to assure that all the cells of the battery are equally charged. Using connections to each cell, as shown, the
charger 20 can check individual cell voltage and charge any cells that are below a predetermined voltage and discharge any cells that
are above the predetermined voltage), a power contact (16A) (Fig. 1-3, para. [0020]-[0022]: Cells A, B, and C are connected to
power/charger connector 14 with a positive 16 a terminal and a negative 16 b terminal as shown), a battery pack (12) (Fig. 1-3, para.
[0019], [0020]: Cells A, B, and C are connected to power/charger connector 14 with a positive 16 a terminal and a negative 16 b terminal
as shown in FIG. 2 to be connected to a load 18, FIG. 1 powered by the battery pack. Connector 14 can also be connected to charger
20 for charging battery pack 12. In some designs, a balancing connector 22 is also included and connected to charger 20 during
charging of the battery pack), a mobile robot (18) (Fig. 1-3, para. [0020]: Load 18 is a robot or unmanned aerial vehicle) and a power
station (40) (Fig. 1-3, para. [0023)).

Physical Sciences further discloses a battery pack (12) (Fig. 1-3, para. [0019], [0020]: Celis A, B, and C are connected to power/charger
connector 14 with a positive 16 a terminal and a negative 16 b terminal as shown in FIG. 2 to be connected to a load 18, FIG. 1 powered
by the battery pack. Connector 14 can also be connected to charger 20 for charging battery pack 12. In some designs, a balancing
connector 22 is also included and connected to charger 20 during charging of the battery pack) inside a mobile robot (18) (Fig. 1-3, para.
[0020): Load 18 is a robot or unmanned aerial vehicle) that is electrically coupled to a charger (20) (Fig. 1-3, para. [0020), [0031]:
Connector 14 can also be connected to charger 20 for charging battery pack 12. In some designs, a balancing connector 22 is also
included and connected to charger 20 during charging of the battery pack. Balancing connector 22, FIG. 1, may be used by the charger
20 to assure that all the cells of the battery are equally charged. Using connections to each cell, as shown, the charger 20 can check
individual cell voltage and charge any cells that are below a predetermined voltage and discharge any cells that are above the
predetermined voltage), which is coupled to the power station (40) (Fig. 1-3, para. [0023], [0024], [0031]: Control subsystem 40 is
configured to control switch 34 and to automatically turn it on when certain conditions are met. When switch 34 is turned on, fuse F1
blows. With fuse F1 blown, there is an open circuit between charger 20, FIG. 1 connected to connector 14 and cells A, B, and C.
Preferably, switch 34 is closed automatically when an overcharge condition is detected. Thus, the cells are protected from further
overcharging. Control subsystem 40 may include a microprocessor, field programmable gate array, application specific integrated circuit,
a contraller, or similar circuitry preferably running computer instructions) (continued)

--see next page
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{continued) via the connector (22) (Fig. 1-3, para. [0020}, [0031): Balancing connector 22 is also included and connected to charger 20
during charging of the battery pack. Balancing connector 22, FIG. 1, may be used by the charger 20 to assure that all the cells of the
battery are equally charged. Using connections to each cell, as shown, the charger 20 can check individual cel! voltage and charge any
cells that are below a predetermined voltage and discharge any cells that are above the predetermined voltage); and a battery pack (12)
(Fig. 1-3, para. [0019], [0020]: Cells A, B, and C are connected to power/charger connector 14 with a positive 16 a terminal and a
negative 16 b terminal as shown in FIG. 2 to be connected to a load 18, FIG. 1 powered by the battery pack. Connector 14 can also be
connected to charger 20 for charging battery pack 12. In some designs, a balancing connector 22 is also included and connected to
charger 20 during charging of the battery pack) coupled directly to the power station (40) (Fig. 1-3, para. [0023], [0024], (0031]: Control
subsystem 40 is configured to control switch 34 and to automatically turn it on when certain conditions are met. When switch 34 is
turned on, fuse F1 blows. With fuse F1 blown, there is an open circuit between charger 20, FIG. 1 connected to connector 14 and cells
A, B, and C. Preferably, switch 34 is closed automatically when an overcharge condition is detected. Thus, the cells are protected from
further overcharging. Control subsystem 40 may include a microprocessor, field programmable gate array, application specific integrated
circuit, a controller, or similar circuitry preferably running computer instructions) via the connector (22) (Fig. 1-3, para. [0020], [0031]:
Balancing connector 22 is also included and connected to charger 20 during charging of the battery pack. Balancing connector 22, FIG.
1, may be used by the charger 20 to assure that alf the cells of the battery are equally charged. Using connections to each cell, as
shown, the charger 20 can check individual cell voltage and charge any cells that are below a predetermined voltage and discharge any
cells that are above the predetermined voltage).

As the common technical features were known in the art at the time of the invention, these cannot be considered special technical
features that would otherwise unify the groups.

Therefore, Groups I-1V lack unity under PCT Rule 13.
Certain observations on the international application

This Authority has made observations of the claim language, specifically of the independent claims 1, 28 and 34, with respect to the
claimed elements "first auxiliary contact” and "second auxiliary contact”. In light of the specification it appears there is a distinction
amongst the ambiguously claimed elements "first auxiliary contact” and “second auxiliary contact” of claim 1, claim 28 and claim 34. This
observation extends to the used of these claimed elements in the dependent claims of independent claim 1, 28 and 34. For purposes of
examination, this Authority is treating the claimed elements "first auxiliary contact" and “second auxiliary contact" of claim 1 distinct from
the claimed elements "first auxiliary contact" and "second auxiliary contact” of claim 28 and distinct from the claimed elements "first
auxiliary contact" and "second auxiliary contact" of claim 34.

Similarly, Claim 34 is using the claimed element term “first auxiliary contact" twice as two distinct elements, i.e. :"a first auxiliary contact
for receiving the current from the first auxiliary contact of the power station connector;" and using the claimed element term "second
auxiliary contact" twice as two distinct elements i.e. :"a second auxiliary contact for delivering the voltage signal to the second auxiliary
contact of the power station connector;". There are similar duplicity of claim element issues with the claimed terms “connector” and
"power contact" amongst the indepe
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