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(57) Abstract: A support system for an autonomous robot may include a diagnostic component coupled to the autonomous robot;
one or more on-board sensors coupled to the autonomous robot, the one or more on-board sensors configured to communicate with
the diagnostic component; a servicing alignment engine configured to store information, the servicing alignment engine configured
to communicate with the diagnostic component; and an auxiliary robot configured to communicate with the diagnostic component.
The diagnostic component is configured to continuously monitor a status of the autonomous robot, determine if the status is within
a predetermined operating value, and send a notification to the auxiliary robot based on the status. The auxiliary robot is configured
to determine a remedial action based on a notification that the status is outside of the predetermined operating value and initiate the
remedial action on the autonomous robot when the status is not within the predetermined operating value.
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UNIVERSAL ROBOT AND DEVICE SUPPORT SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This present Patent Application claims prionity benefit from ULS. Provisionat
Patent Application No, 62/689,635 filed on June 23, 2018, the entire content of whicl is hereby
incorporated herein by reference.
TECHNICAL FIELD OF THE INVENTION
0002} Embodiments of the present invention relate generally to a system for supporting
a universal robot.
BACKGROUND OF THE INVENTION
{0003} Robots may be used aulonomously Lo perform tasks such as stocking warchouse
and retail shelves, taking inventory of products on warchouse and retail shelves, ete. Such
astonomous robots may need o be serviced or repaired to ensure proper functionality, Currently,
servicing and repair ol robots regquires taking the robots out of service by personnel. The robot
may not be discovered to need repair or servicing uniil long aler the robot has become inactive
or inoperative. This may cause delays in servicing and repair of the robot and increased
downtime of the robot that may lead to increased costs associated with the use of autonomous
robots. Thus, a need exists for a support system that may operate with the robol to autonomousty,
or senii-autonomously, monitor the robot for needed servicing or repairing and navigate the robot
or alert personnel that the robot is in need of the servicing or repair.
BRIEF SUMMARY OF THE INVENTION
[0004] According to an embodiment of the present disclosure, a support system: for an

autonomous robot may include a diagnostic component coupled to the astonomous robot; one or
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more on~board sensors coupled to the autonomous robot, the one or more o-board sensors
conligared to comnunicate with the diagnostic component; a servicing alignment engine
configured to store information, the servicing alignment engine configured lo communicate with
the diagnostic component; and an auxiliary robot configured to communicate with the diagnostic
component. The diagnostic component may be configurad to continuously monitor a status of the
autonomous robot, determine if the status is within a predetermined operating value, and send a
notilication to the asxiliary robot based on the status. The auxiliary robot may be configured to
determine a remedial action based on a notification that the status is outside of the predetermined
operating value and initiate the remedial action on the autononious robot when the status is not
within the predetermined operating value.
{0005] According to an embodiment of the present disclosure, a method for supporting
an autonomous robot may include menitoring an en-board sensor with a diagnostic component
coupled to the autonomous robot; analyzing a value sensed by the on-board sensor with the
diagnostic component; determining & resull of the analyzing to be outside of a predetermined
operating parameter; communicating the result to an auxiliary robot; navigating the auxiliary
robot to the autonomous robot; and performing a remedial action on the autonomous robot with
the auxitiary robot. Performing the remedial action with the auxiliary robot may occur while the
autonomous robot continues to perforn: an assigned task,

BRIEF DESCRIPTION OF DRAWINGS
{0006} The accompanying drawing, which are included to provide a further
understanding of the invention and are incorporated in and constifute a part of this specilication,
tustrate preferred embodumenis of the invention and together with the detailed description serve

to explain the principles of the invention. In the drawing:
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{0607} FIG. 1 shows a schematic of a support system [or a robol, according Lo an
enmtbodiment.

DETAILED DESCRIPTION OF THE INVENTION
{0008] Embodiments of the invention are discussed in detail below, In describing
embodinents, specific terminology is emploved for the sake of clarity. However, the invention is
not intended to be Hmited to the specific terminology so selected. A person skilled in the relevant
art would recognize that other equivalent parts can be employed and other methods developed
without departing froni the spirit and scope of the invention, Al references cited herein are
incorporated by reference as il each had been individually incorporated.
j0009] The present disclosure relates to & system for monitoring an autonomous robot
and comnwunicating with a user, server, additional avtonomous robot, or combinations thercof to
lake action based on the monitoring. For examiple, the system may determine when the robot is
operating outstde of programmed parameters, 1s in need of charging, is in need of a software
update, needs parts repaired, replaced, or cleaned, or in need of other servicing. The system may
monitor on-board technology and/or on-board sensors of the robot. The system may analyze the
values of the monitoring and instruct the robot to take a predetermined action and/or alert a
server, nser, additional avtonomous robot, or combinations thereol that action needs to be taken.
0010} Referring to FIG. 1, a schematic of a support system for a device, such as a robot
10, is shown. The robot 10 may be a universal rebot. Although described as a robot, the device
may be any vehicle or device that operates autonomousty and has a need for monitoring, A
diagnostic device or diagnostic component 12 may be coupled or attached to the robot 10. The
diagnosiic component 12 may provide monitoring of the robot 16, The diagrostic component 12

may provide continuous and real time monitoring and control of the robot 10, The diagnoestic
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component 12 may monitor and idertify repair, support, and/or naintenance needs of the robot
10. For example, the diagnostic component 12 may commuunicate with and monitor on-board
sensors or on-board technology on the robot 14, The diagnostic component 12 may ensure that
the sensors and technology on the robot 10 are able {o power on and off and that the sensor and
technelogy are m the proper state {e.g. on or off) when the rebot 10 initiates a request to furn the
sensor and/or other technology on or off, The diagnostic component 12 may ensure that the
sensors and technology are performing wilhin predetermined operating parameters.
j0011] The diagnostic component 12 may capture and collect information or data, such
as sensor values, from the robot 10, The diagnostic component 12 may comnmnicate the
information 1o a central server 14 {o identify anomalies. For example, the diagnostic component
12 may communicate sensor values to the central server 14, The ceatral server 14 may analyze
the data coliectled froni the robot 10, The central server 14 may compare the data (e.g. sensor
ralues) to preset or predeterntined values or ranges of values. The predeterniined values or
ranges of valoes may identity acceptable operating conditions for the robot 10. The
predetermined values may be programmed into the central server 14 and/or the diagnostic
component {2. The predetermined values may be unigue to the robot 10 andfor the lask
performed by the robot 14, Accordingly, the predetermined values may be changed by a user 16,
the central server 14, and/or other devices, such as a docking station, repair station, or home
location.
{0612) The central server 14 or diagnostic component 12 may identify when the data
{e.g. sensor valoes) exceeds predelermined thresholds or is ouiside of predetermined ranges. If
the data is determined o be below {or above, or otherwise conforming with) the predetermined

threshold or within {or otherwise conforming with) the predetermined range, the central server
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14 may determine the robot 10 is operating within acceptable conditions or parameters, The
central server 14 may communicate the resulits {o the diagnostic component 12 and/or the user {6
identifying the robot 10 is operating within parameters., If the dala {e.g. the sensor values) is
determined by the central server 14 to exceed (or be below or otherwise not conform with) the
predetermined threshold or to be outside {or otherwise not conlorm with) a predetermined range,
the central server 14 may determinge the robot 10 is operating outside of acceptable conditions or
parameters. The central server 14 may conununicate the resulis to the diagnostic corapenent 12
and/or the user 16, The diagnostic component 12 may determing a rentedial action and may issue
a command lo the robot 10 to remediate the unacceptable value. For exanple, the diagnostic
component 12 may send the robot 10 to a home location or repair station for repair or
maintenance. Alternatively or additionally, the central server 14 may deterniine the remedial
action and issue the action to the diagnostic component 12 and/or the robot 10. Alternatively or
acditionally, the central server 14 may send an auxiliary or additional robot or robots to the robot
10 to perform the repair, maintenance, debugging, remedial action, or other action as determined
by the central server 14,

[0013] Alternatively or additionally, the diagnostic component 12 may analyze the data
collected from the robot 10. The diagnostic component 12 may compare the sensor values to
preset or predetermined values or ranges of values. The diagnostic component 12 may identify
when the sensor valtues are conforming with acceptable values and thresholds, thus identilying
when the robot 10 is operating within acceptable parameters. The diagnostic component 12 may
comnuunicate the results to the central server 14 and/or the user 16, The diagnostic component 12
may determine a remedial (or other) action based on the analyzed values. The diagnostic

component 12 may issue a command to the robot 10, The diagnostic component 12 may

LA



WO 2020/005828 PCT/US2019/038718

communicate with the central server 14 and/or the user 16 (0 notify the central server 14 andfor
user 16 of the status and location of the robot 0.

[0014] The diagnostic component 12 may communicate messages and/or alerts o a aser
device or user 16, the central server 14, an auxiliary or additional autonomous robot{s}, or
combinations thergof. The user device may be an internet connected device, such as a tablet,
phone, speaker, computer, or other user operated device. The diagnostic component 12 may
commuunicatie with the user 16 (or other devices/systems as previousiy mentioned) using natural
tanguage processing to report the conditions of the robot 10, The diagnostic compeonent 12 may
include an audio speaker, visual alert, or other alert messaging that may indicate to the user 16
and/or the central server 14 the status of the robot 10. The diagnostic component 12 may
communicate in any ol the aforementioned manners with other external devices 20, such as
internet connected devices, such as a charging station, a docking station, repair station, home
location, ote., auxiliary or additional autonomous robats, servers, the central server 14, and
combinations thereot.

{0015} As previously mentioned, the diagnostic component 12 may monitor the robot 10
aril deterniine if the robot 10 is operating within predetermined parameters. I the diagnostic
component 12 determines the robot 1§} is not operating within predeternuned, normal operating
parameters, the diagnostic component 12 may initiate a remedial action. The remedial action
may be a diagnosiic program to deternuine the exact nature of the problent or anomaly. The
diagnostic program may include rebooting the power of the robot 10, rebooting the sofiware of
the robot 10, formatiing, updating, or debugging the sofiware of the robot 10, or combinations
thercol, The diagnostic component 12 may be conumunicating with the central server 14 and/or

user 16 during the process and may alert the central server 14 and/or user 16 of the success or
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fatture of such remedial action. I the remedial action does not correct the anomaly, the
diagnostic component 12 may initiate a subsequent or follow-up action. Aliernatively, the central
server 14 and/or user 16 niay issue instructions to the diagnostic component 12 for further action
or issue instructions for returning the robot 160 to a home location or repair station. Although
described i1s comnunicating with the central server 14 and/or user 16, the robot 10 may
communicate with any number of systems or devices, such as those described herein, and not
Hinuited to, for example, an auxiliary or additional robot.

j0016| The robot 10 and/or diagnostic component 12 may include a kill-switch, safety-
switch, or emergency stop feature. The kill swilch may be a safety mechanism vsed to shut off
the robot 16 in an emergency or in a situation where the robot 10 is unable {o shut down in the
usual or normal manner. During monitoring, the diagnostic component 12 may deternune that
the robot 10 i3 inoperable. The diagnostic component 12 may be unable to communicate with the
robot 10, monitor the sensors or technology aboeard the robot 10, instruct the robot 10, and/or
may be unable to shut off the robot 10 in the normal course. The diagnostic component 12 may
initiate the kill-switch to deactivate the robot 10 and/or prevent the robot 10 from being turned
on. This may operate as a safety feature to prevent or limit damage of the robot 10, injury to
persons, or damage to external devices or items. The diagnostic component 12 may communicate
to the central server 14 and/or the user 16 that the robot 10 1s inoperable, The diagnostic
component 12 may communicaie to the central server 14 and/or the user 16 the location of the
robot 10 for retrieval. The robot 10 may be maintained in the deactivated position until
maintenance andfor repalr is performied. Allernatively, or additionally, the user 16, central server
{4, auxiliary or additional robot, or combinations thereof, may be able {o actuate the kill-swiich

to deactivate the robot 10 based on data recetved from the diagnostic compoenent 12,
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{0617} The diagnostic component 12 may monitor a position or location of the robot 10,
The diagnostic component 12 may be used as a localizalion systen: or method to comnmunicate
the position of the robot 10 lo the user 16 and/or the central server 14, The robot 10 andfor the
diagnostic component 12 may include one or more position sensors. The one or more position
scnsors may sense a relative position, such as XYZ coordinates ol the robot 10, Alternatively, the
robot 10 may emit a beacon associated with the location or position of the robot 10, The
diagnostic component 12, central server 14, user 16, auxiliary or additionzl robet, or
combinations thereof, may detect the beacon and triangulate the position of the robot 10,
Alternatively, the diagnostic component 12 may emit a beacon associated with the ocation or
positon of the robot 10. The ceniral server 14 user 16, ausiliary or additional robot, or
combinations thereof, may detect the beacon and triangulate the position of the diagnostic
component 12 and thus the robot 10, Alternatively, the contral server 14, user 16, auxiliary or
additional robot, or combinations thercof, may receive from a positioning service, such as Wi-Fi,
the location or position of the diagrostic component 12 and/or robot 10. The work area of the
robot 10 may be mapped such that the diagnostic component 12 may sense a position of the
robot 10 within the mapped area. The diagnostic component 12 may conymunicate the position of
the robot 10 to the central server 14, user 16, auxiliary or additional robot, or combinations
thereof.

{0018} The diagnostic component 12 may communicate with the robot 16, central server
14, user 16, or other devices (e.g., additional robots or repair/maintenance stations) through
wired connections/communication, wireless connections/conymunication, shori-range radio
waves {e.g. Bluectooth), or other communication types. The diagnosiic component 12, robot 10,

central server 14, user 16, or other devices may be equipped with two~way communication such
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that each of the devices described herein may transniit signals ard may receive signals. The
diagnostic component 12, robot 10, central server 14, user 16, additional robot(s), stations,
andl/or other devices may transmit and/or recetve signals associated with sensor data,
information, alerts, and/or Instructions.

0019} The previcusly described on-board sensors and on-board technology may include
one or more of the following: position sensor{s), optical sensor(s), canera(s), thermal sensor(s),
mualtispectral camerafs), geopositional sensor(s), global position system(s), inlrared sensor(s),
electro-optical sensor{s), ete. The on-beoard technology may also include tools or devices for
perfornung functions, For example, the on-board technology may include hands, grippers, and/or
cameras for performing tasks such as stocking and restocking retail or warehouse shelves,
moving product, performing inventory of produet, ete. The on-board technology may include
wheels, continuous tracks, or other movenent types. The on-board technology may include fans,
hardware, engines, motors, or other devices for operation of the robot 10,

{0020] In an exemplary embodiment, & robot 10 may be operating autonomously in a
remote location performing an assigned task, such as, for example, stocking shelves or taking
inventory in a warchouse or retail store. The diagnostic component 12 may be continuously
monitoring the sensors on the robot 10 to ensure the robot 18 15 operating within parameters. The
diggnostic component 12 may determine, for example, that the robot 10 is in need of battery
charging. The diagnostic componenl 12 may instruct the robot 10 to navigate to a charging
station autonomousty, The diagnostic component 12 may communicate with the user 16 fo alert
the user 16 that the robot 10 is navigatling from ihe remote location {o the charging station. The
robot 10 may be charged and return to the remote location autonomously to continue the

previously assigned task, In an example, the diagnostic component 12 may communicaie to a
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user 16 and/or the central server 14 that the robot 10 is in need of charging. The diagnostic
component 12 may also commuonicate the location {e.g. with GPS) to the user 16 and/or central
server 14, The user 16 or other personnel or equipnient may retrieve the robot 10 from the
remote locate and return the robot 10 to a charging station. In an example, the diagnostic
component 12 may communicate {o an auxiliary or additional robet that the robot 10 is in need
of charging, The additional robot may navigate to the robot 10 and recharge the robot 10 while
the robet 10 contimues to perform the assigned task.

j0021] In an exemplary embodiment, a robot 10 may be operating autonomousty in a
remote location performing an assigned task, such as previously described. The diagnostic
component 12 may be continuously monitoring the sensors on the robot 10 {o ensure the robot 10
is operating within parameters. The diagnostic component 12 may also be communicating with
another device, such as a docking station. The docking station may communicate to the
diagnostic component 12 that an update is needed for the robot 10, Alternatively, the diagnostic
compounent 12 may determine that the robol 10 is operating outside of parameters and in need of
updating, rebooting, or debugging. The diagnoslic component 12 may instruct the robot 10 to
navigate to the docking station autonomously. The diagnostic component 12 may communicate
with the user 16 to alert the user 16 that the robot 10 is navigating from the remote location to the
docking station. The robot 10 may be updated and return to the remote location autonomously to
coatinue the provicusiy assigned task. In an example, the diagnostic component [2 may
communicate to & user 16 that the robot 10 is in need of updating. The diagnostic component 12
may also conmmunicate the location (e.g. with GPS}) to the user 16, The user 16 may retrieve the
robot 10 from the remote locate and return the robot 18 to the docking station, The user 16 may

also, or alternatively, update the robot 10 at the robot’s current location, in some examples, while

t0
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the robot 10 continues to perform the assigned task, In an example, the diagnostic component 12
may perform the updating, rebooting, or debugging on the robot 10. In an example, the
diagnostic component 12 may communicate to an auxiliary or additional robot that the robot 10
15 in need of updating. The additional robot may navigate lo the robot 18 and update the robot 10
while the robot 10 continues to perform the assigned task.

{0022} The robot 10 may include a servicing alignment engine 18, The servicing
aligmment engine 18 may identify qualified solutions for servicing the rebot 10, For example, the
servicing alignment engine |8 may store a database of auxiliary robots, technicians and the
technicians” capabilifics, tools, experience, cerlification, etc. The servicing alignment engine 18
may thus wdenlify a technician or auxiliary robot with the required capabilities, tools, experience,
or certification, ete. to perform the maintenance or repair of the robot 10 determined by the
diagnostic component 12, The diagnostic component 12 may communicale to the identified
technician or auxiliary robot that the robot 19 is in need of a particular repair or maintenance and
communicate the location of the robotl 10 andfor navigate the robol 10 to the techuician or
avxitiary robot for servicing.

0023] The servicing alignment engine 18 may also store locations for identifying local
technicians or auxihary robots aligned with a location the request originates from. For example,
the servicing alignment engine 18 may store or monilor locations of technicians or auxiliary
robots. The servicing alignment enging 18 may also slore the capabilities, tools, ete. of gach
technician or auxiiary robot, as described above. When the diagnostic component {2 determines
action is needed for the robot 10, the diagnostic component 12 may query the servicing
alignment engine 18 to determune the closest technician or auxiliary robot with the required

capabifitics and/or tools. The diagnostic component 12 may send an alert to the identified

tl
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technician or awdliary robot indicating the problem, anomaly, or servicing required and the
location ol the robot 1), The technician or auxiliary robot may report to the robot 10 for
servicing of the robot 10, Alternatively, the diagnostic component 12 may alert the identified
technician or auxiliary robot, as previously noted, and navigate the robot 10 to the technician or
auxiliary robot for servicing, repair, or mamntenance, The servicing alignoient engine 18 may
communicate autonomousty a need for servicing of a robot 10 with another servicing slignment
engine 18 {e.g., a servicing alignment engine on an auxiliary robot). The servicing alignment
engine |8 may also be separate from the robot 10,

10024} Any of the systems described herein may comprise a servicing library. The
servicing library may be incloded with the diagnostic component 12, servicing alignment engine
IR, central server 14, user 16, station, auxiliary robot, or combinations thereof. The servicing
library may storc a database or calalog of types and munaber of devices, machines, or robots 1n a
targer system, such as a warchouse or retail space, Each device or robot may include & unique
identilier {o 1dentify the device within the servicing library. The servicing library may storc a
database or catalog of issues that may arise during operation of the devices (e.g robots), for
example, comnmnication status, transmission status, baltery status, updates, navigation, on-board
sensors, on-board technology, etc. The servicing library may store a database or catalog of 1ssue
details, such as permissible values or thresholds of the monitored on-board sensor(s) or
technology. The servicing library may store a maintenance log or record of mainlenance,
servicing, or updates performed on the robot. The servicing alignment engine 18 may be
consulted by the diagrostic component 12 or central server 14 o idenlify issuc and potential

solutions.
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{0025} The system described herein may allow for machine-machine repair or service
{e.g. robot to robot repair or service). For example, the diagnostic component 12 of the robot 10
nay comnwmnicate with a diagnostic component ol a second or auxiliary robot 22, The robot 10
and/or diagnostic component 12 of the robot 10 may request for the auxilary robot 22 and/or
diagnostic compenent of the auxiliary robot 22 {o troubleshoot, update, repair, service, end
troubleshooting, ete, Thus, the auxiliary robot 22 may be able to service the robot 10, The
auxiliary robot 22 may be able lo identily when muachine-machine service is not correcting the
anontaly. The auxiliary robot 22 may end troubleshooting of the robot 10 and alert the server 14
and/or user 16 or alert a technician and/or return the robot 10 to a home location or other siation,
The auxiliary robot 22 may be another task robot, such as the robot 190, such that any robot 10 of
the fleet of robots may be capable of repairing any other robot 10 within the flect. The auxiliary
robot 22 may be a dedicaled servicing robot, such that the auxiliary robot 22 1s able to service
any of the robots 10 when servicing is needed. The auxiliary robot 22 may be one robot in & fleet
of autonomous, dedicated servicing robots. In this manner, the fleet of servicing robots 22 may
be available to autonomously maintain and/or repair the fleet of task robots 10 without {or with
fittle) human interaction,

0026} In an exemplary embodiment, the robot 10 may be performing a task. The robot
10 may identtfy (e.g., via the diagnostic component 12} a servicing need (e.g., repair, charge,
ete.). The robot 10 may send a request to the central server 14, user 16, and/or the auxiliary robot
22 identifving the particular action needed. The auxibiary robot 22 may receive the request (e.g.,
directly from the robot 10 and/or from the user 16 or central server 14). The auxiliary robot 22
may navigate to the robot 10. The auxiliary robot 22 may service the robot 10. The robot 10 may

continue to perform the assigned task while the auxiliary robot 22 performs the servicing and/or
sontinue to perform the assigned task while the liary robot 22 performs the se z andior
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repair. The robot 10 may halt the assigned task while the suxiliary robot 22 performs the
servicing and/or repair. Once completed, the auxiliary robol 22 may navigate to a home location
andl‘or to another robot 10 in need of servicing,

{0027] The auxthary robot 22 may be equipped with tools, equipment, parts, or software
to serviee the robot 10, In an enibedinient, there may be a fleet of auxiliary robots 22 where each
auxiliary robot 22 is equipped to perform a particular action or service {e.g., a recharging robot, &
debugging robot, an equipment repair robot, efc.) or a subset ol actions or services, The auxiliary
robot 22 may be permanently equipped to deal with a particular task such that no human
intervention is needed. Alternatively, or additionally, a human may equip the auxiliary robot 22
with a particular tool or software to address the instant need of the robot 1€, The auxiliary robot
22 may be restocked (autonomeousiy or by a user) before, after, or dunng servicing of a robot 10,
{0028} Thus, the robot 10 may navigate {o a service location, persennel, or robot and/or
the service location, personnel or robot may navigate to the robot 10. As discussed, the system
{e.g., any of the robot 10, server 14, user 16, servicing unit 18, external device 20, robot 22, or
combinations thercol) may monitor thresholds of performance, that is, the system may predict
that a robot 10 will stop functioning and that the reason could be, for example, the level of
charge {e.g., a draining battery) or other technical issue. At this time, the auxiliary robot 22
arcl/or the robot 10 may navigate to the appropriate location to remedy the issuc (e.g., charging
the battery of the robot 10).

{0029} Thus, the system benefits from the continued (or minimally interrupted) operation
of the robot 19} and/or the ficet ol robois 10. In an example, the avkiliary robot 22 acis as a
recharger or battery swapper that may attach to a robot 10 performing a task while the robot 10

continues to work/perform the task. The auxiliary robot 10 may provide power to the robot 10

14
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while recharging or swapping the batlery of the robot 16. In an example, the awaliary robet 22
may be another robot 10 performing a task. The auxthiary robot 22 may have a muror component
to a component that is failing inside the robot 10, While servicing the robot 10 {e.g., while
attached or connected, either physically or virtually, to the still working robet 10} the mirror
component on the anxiliary robot 22 takes ever and performs the task the robot 16 is performing.
In an embodiment, the mirror component may be located on a remote server {e.g., central server
14) and may take over in a similar manner to perform the assigned task ef robot 10, The
auxiftary robot 22 fixes or replaces the failing part on the robot 10 while the mirror component
handles the robot’s 1€ tasks, Thus avoiding expensive downtime so the robot 10 {and fleet of
robots 10} may be kept working 24/7.

{0030} As discussed, the connection between the auxiliary robot 22 and the robot 10 may
be physical and/or virtual. That is, the auxiliary robot 22 may mechanically or physically couple
te the robot 10 to perform the servicing task. The awxliary robot 22 niay virtnally (e.g.,
commuicatively) couple to the robot 10, The virtual couphing may be communication of
respective diagnostic components 12, The virtual coupling may be by way of the central server
4. The auxiliary robot 22 may either, collectively or individually, mechanically/physically
couple or virtually couple to the robot 10 depending on the required servicing task.

{0031} The foregoing system may alfow for the universal robot 10 to operate
awtonomously without interveation from a user. The loregoing system may thus reduce
downtime and costs associated with repair since the robot 10 may antonomously initiate repair,
servicing, updating, or maintenance ol the comiponends of the robot 10. The foregoing sysiem
may altow for a servicing request {e.g. repair, maintenance, servicing, €tc.) to originate from ihe

machine (e.g. robot 10}, the diagnostic component 12, a user 16 {e.g. a retail or warchouse

[
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associate or technician, ele.), a central server 14, and/or another robot 22, The foregoing systent
may allow [or the servicing request to originate from any location, lor example a location of the
robot 10 within a warchouse or retail space, cte,
{0032} In exemplary embodiments, the service request may originate from the device
itself, 2 machine that communicates with the device and identifies an issue {the comnunication
is in error, nit compliant with formats, or include values out of range, a store associate, ete, The
service request may be received by the system and processed. The servicing library may be ased
to process the service request, identify potential issue and solutions, This may be done by
identifying the device tvpe, comparing operating parameters of the device wilh parameters from
the library, and correlating the same with identified issues. In some cases this may be done in
connection with the diagnostic component and service alignment engine. The foregoing system
may allow for the service request to originate when any number of issues arises, for example,
-alues or vartables outside of predetermined operating parameters,
{0033} The various embodiments described above are provided by way of iHustration
onfy and should not be construed to imit the scope of the disclosure. Various modifications and

changes may be made lo the principles described herein withoul following the example
embodiments and applications illustrated and descrnibed heremn, and without departing from the
spirit and scope of the disclosure,

{0034] Although the embodiments of disclosure have been described in detail for the
purpose of illustration based on what is currently considered to be the most practical, it is to be
understood that such detail s solely for that purpose and that the invention is not limited to the

disclosed embodiments, but, on the contrary, is intended to cover modiflications and equivalent

arrangements that are within the spirit and scope of the appended claims. For exaniple, it is to be

1o
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understood that the present disclosure contemiplates that, to the extent possible, one or more
features of any embodiment can be combined with one or more features of any other

embodiment.
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CLAIMS

We claim:
1. A support system for an autonomous robot, the support systen comprising:

a diagnostic component coupled to the autonomous robot;

one or more on-board sensors coupled io the autonomous robol, the one or more on-board
sensors configured to communicate with the diagnostic component;

a servicing alignment engine configured to store information, the servicing alignment
engine configured to communicate with the diagnostic component; and

an auxiliary robot configured to communicate with the diagnostic component,

wherein the diagnostic component is configored to continuously monitor a status of the
autonomous robot, determune if the status is within a predetermined operating value, and send a
notification to the auxiliary robot based on the status, and

whetein the auxiliary robot is configured to determine a remedial action based on a
notitication that the states is ouniside of the predelermined operating value and 1nitiate the
remedial action on the autonomous robot when the status is not within the predetermined

operating value.

2, The support system of claim i, wherein the servicing alignment engine is configured to
store information related to at least one of proximity, capability, experience, and available tools
of a plurality of auxiliary robots and select the auxiliary robot based on the remedial action to be

performed on the autonomous robot.
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3. The support system of claim 1, wherein the support system is configured to repair the
antonomous robot antonomously, contact the auxiliary robot autonomousty to initiate the
remedial action, and navigate the auxiliary robotl autonomously to the avtoromous robot for the

remedial action,

4. The support system of claim 1, the diagnostic component further comprising at least one

of a comnuunication device, an awdio speaker, a visaal alert, @ raessaging system,

5. The sapport svstem of claim 1, wherein the diagnostic component is configured to

comnyuiicate with exiernal, inlemet connectad devices.,

6. The support system of claim 1, wherein the remedial action Is one or more of power

rebooting, software rebooting, formatting, updating, debugging, battery charging, or repairing

cquipment.

7. The support system of claim 1, further comprising a kil switch.

8. The support system of claim 1, further comprising a position moniloring device.

Q. The support system of claim 1, wherein the diagnostic component continucusly monitors

the antonomous robot while the autonomous robot performis an assigned task,

9
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10, The support system of claim 9, wherein the auxiliary robot is configured to perform the

remedial action while the autonomous robot continues to perform the assigned task.

il A method for supporling an autonomous robot, the method comprising:

monitonng an on-board sensor with a diagnostic component coupled o the autonomons
robot;

analyzing a value sensed by lhe on-board sensor with the diagnostic component;

determining a result of the analyzing to be outside of a predetermined operating
parameter;

communicating the result {o an auxiliary robot;

navigating the auxiliary robot {o the artonomous robot; and

performing a remedial action on the aulonomous robot with the auxiliary robot,

wherein performing the remedial action with the awdliary robot occurs while the

autonomous robot continues {o perforny an assigned task.

12, The method of claim 11, further comprising sending instructions for the remedial action
of the autonomous robot to ong of a plurality of auxihary robois based on one or more of

proximity, capability, experience, or available tools of cach of the plurality of auxiliary robots,

13, The method of claim 11, wherein the analyzing further comprises comparing the value to

a predeternyined threshold.
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i4. The method of claim 11, wherein the remedial action is one or more of a service, repair,

maintenance, software update, or batiery charge.

15, The method of claun 11, further comprising a servicing alignment engine storing
information related to one or more of proxinuty, capability, experience, or available tools ol a

plurality of auxiliary robots.

16, The method of claim 11, wherein the method is performed autonomousty with no human
mtervertion.
17, The method of claim 11, further comprising alerting a user or central server of an

anomaly of the avtonomous robot.

iR, The method of claim 11, wherein the autonomous robot is a task robot configured to
perform the assigned task, and wherein the autonomous robot is one robot in a flect of

autononious robots.

19, The method of claim 18, wherein the auxiliary robot is another task robot configured to

perform another assigned task andior the same assigned task as the autonomous robot.

20.  The methed of claim 18, wherein the auxiliary robot is a service robot configured to
repair one or more of the autonomous robots in the fleet of autonomous robots, and wherein the

auxiliary robot is one robot in a fleet of auxibiary robots.

21



WO 2020/005828 PCT/US2019/038718

Central User and/or
Server User Device
14 16
Diagnostic
External
Component \[\ Device
Universal 12 20
Robot
Servicing -
10 Alignment Universal
Robot
Engine \,\ obo
22
18
FIG. 1

11



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/038718

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B25J 9/16; B25J 9/00; B25J 11/00; B25J 13/00 (2019.01)

CPC- B25J 9/16; B25J 9/00; B25J 11/00; B25J 13/00 (2019.08)

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

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

USPC - 700/247; 700/245; 700/248 (keyword delimited)

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

See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2012/0323365 A1 (TAYLOR et al) 20 December 2012 (20.12.2012) entire document 1-20
Y WO 2007/015206 A2 (KONINKLIJKE PHILIPS ELECTRONICS N.V. et al) 08 February 2007 1-20
(08.02.2007) entire document
104 US 2014/0365258 A1 (ADEPT TECHNOLOGY, INC.) 11 December 2014 (11.12.2014) entire 2,12, 15
document
Y US 2015/0027862 A1 (SEIKO EPSON CORPORATION) 29 January 2015 (29.01.2015) entire ;7
document -
Y US 2013/0085625 A1 (AETHON, INC. et al) 04 April 2013 (04.04.2013) entire document 18-20
A US 6,298,282 B1 (GULDI et al) 02 October 2001 (02.10.2001) entire document 1-20
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T" later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqauon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“Lr dpcgmenl WI!‘Jil(':hhmﬁy lhrgl\y dqubt(sj on prtjorilyhclain.\(s). or whicl;]is step when the document is taken alone
cited to establish the publication date of another citation or other “y* document of . . : . .
f - particular relevance; the claimed invention cannot be
special reason (a's specified) . o considered to involve an inventive step when the document is
“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art .

“P” document published prior to the international filing date but later than  «g»  4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
26 August 2019 -, 2 S E P 20]9
Name and mailing address of the ISA/US Authorized officer '
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, VA 22313-1450
o PCT Helpdesk: 571-272-4300
Facsimile No. §71-273-8300 PCT OSP: 671-272.7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - wo-search-report

