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Abstract

Methods and systems for training a robotic manipulator. The system may
Include one or more sensor devices and a robotic manipulator for executing an

item grasping strategy to grasp an item. The system may further evaluate the

item grasping strategy to determine whether the strategy was successful.
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TRAINING ROBOTIC MANIPULATORS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of co-pending United States provisional
application no. 62/363,446, filed on July 18, 2016, the entire disclosure of which i1s

incorporated by reference as if set forth in its entirety herein.

TECHNICAL FIELD
[0002] Embodiments described herein generally relate to systems, devices, and methods
for training robotic manipulators and, more particularly but not exclusively, to systems,

devices, and methods for training robotic manipulators to grasp one or more items.

BACKGROUND

10003} Infrastructure systems such as warehouses often recetve, ship, and store i1tems.
Until recently the majority of item movement was manually handled by human workers.

Recently, however, these tasks have been increasingly handled by robotic devices.

[0004] These tasks may involve goods-to-picker workflows, 1n which some transportation
device (e.g., a conveyor belt) brings a box or other container device with one or more items to
a robotic picker device. The robotic picker device may then pick the item from the container
and place the item in another location (e.g., in another containment for shipment to another

location).

|0005]) These tasks may additionally or alternatively involve picker-to-goods workflows.
In these workflows items may imitially be at some location within a warehouse (e.g., in boxes,
on shelves, or the like). The robotic picker device may be configured with a transportation
device that enables it to travel from a first location to the item’s location. Once there, the

robotic picker device may pick the item and take the item to another location for further

processing or shipment.

[0006] These picking systems and methods are useful in distribution environments or in
environments in which items need to be moved to/from vanous locations. These environments

may include warehouse environments, retail stores, and manufacturing and assembly plants.

[0007] These robotic picking systems can cost significantly less than manual human

picking. Accordingly, there 1s a financial benefit to using the robotic approach wherever and
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whenever possible. Additionally, these automated systems promote safety as there are fewer

humans in the vicinity of moving machinery.

{0008} However, the development and deployment of these systems is often challenging
because not all items can be rehiably grasped by a robotic picking system. A need exists,
therefore, for methods, systems, and devices that overcome the above disadvantages of existing

systems and workflows.

SUMMAR Y

[0009]  This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description section. This summary is not
intended to 1dentity or exclude key features or essential features of the claimed subject matter,

nor 1s it intended to be used as an aid in determining the scope of the claimed subject matter.

[0010] In one aspect, embodiments relate to a method of training a robotic manipulator.
The method includes receiving data regarding an item from a first sensor device; generating,
using a processing device executing instructions stored on a memory to provide a planning
module, an item grasping strategy to be executed by the robotic manipulator to grasp the item;
transmitting, to a robotic manipulator for execution, the item grasping strategy; receiving data
regarding the execution of the item grasping strategy from a second sensor device; and
evaluating the item grasping strategy using the planning module and the data received from at

least a second sensor device.

[0011] In some embodiments, the received data regarding the item includes size data.
[0012] [n some embodiments, the received data regarding the item includes shape data.
[0013] In some embodiments, the received data regarding the item includes matenial data.
[0014] In some embodiments, the received data regarding the item includes weight data.

[0015] In some embodiments, the method further includes altering at least one parameter
of the item grasping strategy to provide a corrective item grasping strategy based on the
evaluation; and transmitting, to a robotic manipulator for execution, the corrective grasping
strategy. In some embodiments, the at least one parameter is selected from the group consisting
of robotic manipulator position before grasping, pre-grasp manipulations, image processing

technique, and response to feedback from the first sensor device.

10016} [n some embodiments, the robotic manipulator includes a robotic hand device for

executing the grasping strategy.

o
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[0017] In some embodiments, the robotic manipulator includes a suction device for

executing the grasping strategy.

[0018] In some embodiments, the robotic manipulator includes an adhesive device for

executing the grasping strategy.

{0019] In some embodiments, evaluating the item grasping strategy includes determining

whether the robotic manipulator grasped the item.

[0020] In some embodiments, the first sensor device and the second sensor device are the

same device.

[0021] In some embodiments, the method further includes iterating the steps of:
transmitting, to a robotic manipulator for execution, the item grasping strategy; receiving data
regarding the execution of the item grasping strategy from the second sensor device; and
evaluating the item grasping strategy using the planning module and the data received from the

second sensor device.

[0022] In some embodiments, the method further includes storing data regarding the

success rate of the item grasping strategy in a database module.

[0023] In some embodiments, the method further includes selecting the item to be grasped

based on previous grasp success rates.

[0024]  In some embodiments, the method further includes selecting the item to be grasped

based on at least one physical characteristic of the item.

[0025] In some embodiments, transmitting the item grasping strategy to the robotic

manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution during a weekend.

[0026] In some embodiments, transmitting the item grasping strategy to the robotic
manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution during an overnight period.

10027} In some embodiments, transmitting the item grasping strategy to the robotic
manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution during a lull period.

[0028] According to another aspect, embodiments relate to a system for training a robotic

manipulator. The system includes a robotic manipulator for grasping an item; a first sensor

(e
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device for gathenng data regarding the item; a second sensor device for gathering data
regarding the execution of the item grasping strategy; a processing device executing
instructions stored on a memory to provide a planning module configured to: generate an item
grasping strategy to be executed by the robotic manipulator to grasp the item, transmit the item
grasping strategy to a robotic manipulator for execution; and evaluate the item grasping
strategy executed by the robotic manipulator using data received from the second sensor

device.

[0029] In some embodiments, the data regarding the item includes size data.
[0030] In some embodiments, the data regarding the item includes shape data.
[0031] In some embodiments, the data regarding the item includes matenal data.
[0032] In some embodiments, the data regarding the item includes weight data.

[0033] In some embodiments, the planning module 1s further configured to alter at least
one parameter of the item grasping strategy based on the evaluation to provide a corrective
item grasping strategy, and the robotic manipulator 1s further configured to execute the
corrective item grasping strategy. In some embodiments, the at least one parameter is selected
from the group consisting of robotic manipulator position before grasping, pre-grasp
manipulations, image processing technique, and response to feedback from the first sensor

device.

[0034] In some embodiments, the robotic manipulator includes a robotic hand device for

executing the grasping strategy.
[0035] In some embodiments, the robotic manipulator includes a suction device
[0036] In some embodiments, the robotic manipulator includes an adhesive device.

[0037] In some embodiments, evaluating the item grasping strategy includes determining

whether the robotic manipulator grasped the item.

[0038] In some embodiments, wherein the first sensor device and the second sensor device

are the same device.

[0039] In some embodiments, the robotic manipulator and the planning module are further
configured to iterate the steps of generating the item grasping strategy, transmitting the item

grasping strategy, and evaluating the item grasping strategy.
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[0040] In some embodiments, further compnsing a database module for storing data

regarding the success rate of the item grasping strategy.

[0041] In some embodiments, the 1tem to be grasped is selected based on previous grasp

SUCCess rates.

[0042] In some embodiments, the item to be grasped is selected based on at least one

physical characteristic of the item.

[0043] In some embodiments, the robotic manipulator executes the grasping strategy

during a weekend.

[0044] In some embodiments, the robotic manipulator executes the grasping strategy

during an overnight period.

[0045] In some embodiments, the robotic manipulator executes the grasping strategy

during a lull period.

BRIEF DESCRIPTION OF DRAWINGS
0046} Non-limiting and non-exhaustive embodiments of the invention are described with
reference to the following figures, wherein like reference numerals refer to like parts

throughout the various views unless otherwise specified.

[0047] FIG. 1 presents a photograph of a robotic manipulator in accordance with one

embodiment:

[0048] FIG. 2 illustrates a system for training a robotic manipulator in accordance with one

embodiment;
[0049] FIG. 3 illustrates a robotic manipulator 1n accordance with one embodiment;
[0050] FIG. 4 illustrates a robotic manipulator in accordance with another embodiment;

{0051} FIG. 5 depicts a flowchart of an items-to-picker workflow in accordance with one

embodiment:

]0052] FIG. 6 depicts a flowchart of a picker-to-item workflow in accordance with one

embodiment;

[0083] FIG. 7 depicts a flowchart of a grasp testing workflow in accordance with one

embodiment;

N
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[0054] FIG. 8 depicts a flowchart of a parameter optimization procedure in accordance

with one embodiment; and

[0055] FIG. 9 depicts a flowchart of a method of training a robotic manipulator in

accordance with one embodiment.

DETAILED DESCRIPTION
[0056]) Various embodiments are described more fully below with reference to the
accompanying drawings, which form a part hereof, and which show specific exemplary
embodiments. However, the concepts of the present disclosure may be implemented in many
different forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided as part of a thorough and complete disclosure, to fully
convey the scope of the concepts, techniques and implementations of the present disclosure to
those skilled in the art. Embodiments may be practiced as methods, systems or devices.
Accordingly, embodiments may take the form of a hardware implementation, an entirely
software implementation or an implementation combining software and hardware aspects. The

following detailed description is, therefore, not to be taken in a limiting sense.

[0057]  Reference in the specification to “one embodiment™ or to “an embodiment” means
that a particular feature, structure, or charactenstic described in connection with the
embodiments 1s included in at least one example implementation or technique in accordance
with the present disclosure. The appearances of the phrase “in one embodiment™ in vanous

places in the specification are not necessarily all referring to the same embodiment.

[0058] Some portions of the description that follow are presented in terms of symbolic
representations of operations on non-transient signals stored within a computer memory. These
descriptions and representations are used by those skilled in the data processing arts to most
effectively convey the substance of their work to others skilled in the art. Such operations
typically require physical manipulations of physical quantities. Usually, though not
necessanly, these quantities take the form of electrical, magnetic or optical signals capable of
being stored, transferred, combined, compared and otherwise manipulated. It is convenient at
times, principally for reasons of common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like. Furthermore, it 1s also convenient
at times, to refer to certain arrangements of steps requiring physical manipulations of physical

quantities as modules or code devices, without loss of generality.
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{0059] However, all of these and similar terms are to be associated with the appropnate
physical quantities and are merely convenient labels applied to these quantities. Unless
specifically stated otherwise as apparent from the following discussion, it 1s appreciated that
throughout the description, discussions utilizing terms such as “processing’™ or “computing™ or
“calculating” or “determining” or “displaying” or the like, refer to the action and processes of
a computer system, or similar electronic computing device, that manipulates and transforms
data represented as physical (electronic) quantities within the computer system memories or
registers or other such information storage, transmission or display devices. Portions of the
present disclosure include processes and instructions that may be embodied i1n software,
firmware or hardware, and when embodied in software, may be downloaded to reside on and

be operated from different platforms used by a vanety of operating systems.

[0060] The present disclosure also relates to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a computer
readable storage medium, such as, but is not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs), random access
memories (RAMs), EPROMs, EEPROMSs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for storing electronic instructions,
and each may be coupled to a computer system bus. Furthermore, the computers referred to in
the specification may include a single processor or may be architectures employing multiple

processor designs for increased computing capability.

[0061] The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may also be used
with programs in accordance with the teachings herein, or it may prove convenient to construct
more specialized apparatus to pertorm one or more method steps. The structure for a variety
of these systems is discussed in the description below. In addition, any particular programming
language that is sufticient for achieving the techniques and implementations of the present
disclosure may be used. A vanety of programming languages may be used to implement the

present disclosure as discussed herein.

[0062] In addition, the language used in the specification has been principally selected for

readability and instructional purposes and may not have been selected to delineate or
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circumscribe the disclosed subject matter. Accordingly, the present disclosure is intended to

be illustrative, and not limiting, of the scope of the concepts discussed herein.

[0063] Various embodiments described herein relate to systems, methods, and devices for
training robotic manipulators. These robotic manipulators may be located within a facility such
as a warehouse facility and may be assigned various tasks related to grasping, moving, or

otherwise interacting with items 1n the facility.

[0064] Features of various embodiments described herein may be used to train robotic
manipulators such as robotic pickers or the like. For example, through training, the systems
and devices described herein may learn or otherwise determine which items are suitable for
robotic picking. Moreover, this training may help improve various techniques implemented by

robotic manipulators and expand their operational capabilities.

[0065] Although described the in the context of warehouse facilities, features of various
embodiments described herein may be implemented in any other type of environment and/or
used for any other type of application in which items need to be grasped, manipulated, or
otherwise moved to and/or from vanous locations. Features of various embodiments may be
implemented in retail environments to stock shelves with goods, for example. Other

applications may include government or military operations.

[0066] The robotic manipulator(s) described herein may refer to any sort of robotic device
used to grasp, pick, manipulate, move, or otherwise interact with an item. In some
embodiments, these robotic manipulators may include a series of arm devices controlled by
one or more actuators (e.g., pneumatic or hydraulic) and/or telescoping segments that are
operably configured with an end effector device to grasp an item. For example, FIG. 1 shows
a photograph 100 of a robotic manipulator 102 with arm devices 104 and an end effector 106.
In this embodiment, the end effector 106 may be configured as a hand device. Also, shown in
FIG. 1 1s a sensor device 108 for gathering imagery data regarding an item and the environment

surrounding the robotic manipulator 102.

[0067] The robotic manipulator(s) may interface with an infrastructure management
system to retrieve items and conduct training exercises. For example, the robotic manipulator
may transmit and the infrastructure management system may receive requests for specific items
for training. The infrastructure management system may respond to the request by delivering
the requested item to the manipulator. The robotic manipulator may then perform one or more

training exercises using the requested item (e.g., a grasp attempt on the item). The item may
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then be returned to its delivery location or the infrastructure management system after testing
This method therefore provides various ways for selecting the item(s) to be tested, interfacing

with the infrastructure management system, performing the testing, and analyzing and

leveraging the test results.

[0068]} FIG. 2 illustrates a system 200 for training a robotic manipulator in accordance with
one embodiment. The system 200 may include a picking coordination system 202 in
communication with a robotic manipulator 204 and an infrastructure management system 206

over one or more networks 208.

[0069] The network or networks 208 may link the various devices with various types of
network connections. The network(s) 208 may be compnsed of, or may interface to, any one
or more of the Internet, an intranet, a Personal Area Network (PAN), a Local Area Network
(LAN), a Wide Area Network (WAN), a Metropolitan Area Network (MAN), a storage area
network (SAN), a frame relay connection, an Advanced Intelligent Network (AIN) connection,
a synchronous optical network (SONET) connection, a digital T1, T3, E1, or E3 line, a Digital
Data Service (DDS) connection, a Digital Subscriber Line (DSL) connection, an Ethernet
connection, an Integrated Services Digital Network (ISDN) line, a dial-up port such as a V.90,
a V.34, or a V.34bis analog modem connection, a cable modem, an Asynchronous Transfer
Mode (ATM) connection, a Fiber Distributed Data Interface (FDDI) connection, a Copper
Distrnibuted Data Interface (CDDI) connection, or an optical/ DWDM network.

[0070] The network or networks 208 may also comprise, include, or interface to any one
or more of a Wireless Application Protocol (WAP) link, a Wi-Fi link, a microwave link, a
General Packet Radio Service (GPRS) link, a Global System for Mobile Communication

G(SM) link, a Code Division Multiple Access (CDMA) link, or a Time Division Multiple
access (TDMA) link such as a cellular phone channel, a Global Positioning System (GPS) link,

a cellular digital packet data (CDPD) link, a Research in Motion, Limited (RIM) duplex paging
type device, a Bluetooth radio link, or an [EEE 802.11-based link

[0071] The picking coordination system 202 may act as a networked (e.g., cloud-based)
system that monitors, instructs, supervises, and/or maintains multiple robotic manipulators 204
The picking coordination system 202 may provide any software updates when appropriate, for
example, and may similarly montitor the function of the various components of the system 200.
The picking coordination system 202 may also collect grasping data, sensor data, and may

analyze the collected data to improve future performance of the robotic manipulator(s) 204.
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[0072]  The robotic manipulator 204 may be similar to the robotic manipulator 102 of FIG.
1. The robotic manipulator 204 1s shown configured with one or more arm devices 210, one

or more end effectors 212, a processor 214, a memory 216, sensor devices 218, transportation

device(s) 220, and an interface 222.

[0073] The arm device(s) 210 may position an end effector 212 to grasp an item. The arm
devices 210 may include one or more mechanically or electrically activated portions such as
actuators (e.g., hydraulic or pneumatic) or telescoping segments. In these embodiments, the

robotic manipulator 204 may be configured with any required reservoirs, valves, pumps,

actuators, or the like.

[0074]  One or more end effectors 212 may be operably attached to the arm device(s) 210.
In some embodiments, such as in the photograph 100 of FIG. 1, the end eftector 212 may be
configured as a hand device with a plurality of “finger” portions for grasping or otherwise

interacting with an item.

[0075] In other embodiments, the end effector 212 may be configured as a suction device.
In these embodiments, the suction device(s) may be in operable connectivity with any required

tubes, pumps, or the like to create the suction force required to grasp an item.

[0076] In other embodiments, the end effector 212 may be configured as one or more
magnetic devices. In these embodiments, the robotic manipulator 204 may be configured with
any required solenoids or electrical equipment to generate the magnetic force required to grasp

an item. These embodiments are of course suited to those applications with items that are

magnetic.

[0077] In still other embodiments, the end effector 212 may be configured with an adhesive

substance or material. For example, the end effector 212 may be configured with hook-and-

loop fasteners to grasp an item.

[0078]  The above configurations are merely exemplary. Other types of end effectors and
configurations may be used, whether available now or invented hereafter, as long as the features

of various embodiments described herein can be accomplished.

[0079] The processor 214 may be any hardware device capable of executing instructions
stored on memory 216 to control the robotic manipulator 204 to perform one or more grasping
attempts. The processor 214 may be a microprocessor, a field programmable gate array
(FPGA), an application-specific integrated circuit (ASIC), or other similar device. In some

embodiments, such as those relying on one or more ASICs, the functionality described as being

10
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provided in part via software may instead be configured into the design of the ASICs and, as

such, the associated software may be omitted.

[0080] The memory 216 may be L1, L2, L3 cache, RAM memory, or hard disk
configurations. The memory 112 may include non-volatile memory such as flash memory,
EPROM, EEPROM, ROM, and PROM, or volatile memory such as static or dynamic RAM,
as discussed above. The exact configuration/type of memory 216 may of course vary as long

as tnstructions for at least performing the grasping attempts can be executed by the processor

214,

[0081]  The robotic manipulator 204 may be configured with one or sensor devices 218 to
at least gather data regarding the robotic manipulator’s environment including items located
therein. This sensor data may include data regarding the location of an item to be grasped, the
orientation of the item (e.g., whether the item 1s on its side, etc.), the shape of the item, the size
of the item, or other data that may be helpful 1n executing a grasping attempt. The sensor
device(s) 218 may also gather data helpful in analyzing the effectiveness or success of a grasp

attempt or strategy.

[0082] In some embodiments, the sensor devices 218 may include one or more cameras
such as stereo cameras or charge coupled device cameras. In other embodiments, the sensor
device(s) 218 may include a LIDAR camera device operably positioned with respect to the
robotic manipulator 204 and an item. In other embodiments, the sensor devices 218 may
include infrared or SONAR imaging devices. The robotic manipulator 204 (namely, the
processor 214) may also include or otherwise execute any required computer vision or other

image processing tools.

[0083]) In addition to or in lieu of image gathenng devices, the sensor device(s) 218 may
include pressure or piezoelectric sensor devices or appropriately positioned scales. These types
of sensor devices 218 may be implemented as part of the robotic manipulator 204 (e.g., with
the end eftector devices 212) to measure any force caused by an item. For example, if the end
effector 212 grasped the item and is holding onto an item, the force on any piezoelectric
sensor(s) configured with the end effector 212 may increase to a level that indicates the end
ettector 212 has grasped and is holding the item. If no such force is detected, then it may be

concluded that the end effector 212 did not grasp or is not holding the item.

[0084] The transportation device(s) 220 may enable the robotic manipulator 204 to move

to and from various locations within an environment. For example, the robotic manipulator

il
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204 may include a plurality of wheels and motors that enable it to travel within a warehouse to

gather items from different locations. For example, FIG. 3 depicts a photograph 300 of a

robotic manipulator 302 in an environment such as a warehouse. The robotic manipulator 302
is also seen configured with a transportation device 304. The transportation device 304 enables
the robotic manipulator 302 to travel throughout the environment to grasp and gather items

from vanous locations.

[0085] The interface 222 may enable to the robotic manipulator 204 to interface with the
picking coordination system 202 and the infrastructure management system 206. This way,
the robotic manipulator 204 can exchange instructions with other system components as well

as provide data regarding grasp attempts.

[0086] The infrastructure management system 206 may include or otherwise execute
various subsystems related to training the robotic manipulator 204 1n accordance with various
embodiments. These subsvstems may include an automated storage and retrieval system
(ASRS) 224, a warehouse control software 226, a warehouse management system (WMS) 228,

and a warehouse software and automation system (WSAS) 230.

[0087]  The ASRS 224 may be an automated system for moving goods that generally relies
on shuttles or conveyors that are between stations where items can be loaded or unloaded. Such
systems may generally consist of a set of storage racks and a gantry with shuttle carts that move

bins into and out of racks.

[0088] To access the items, the system 200 may retrieve them from the assigned storage
locations and move them to an interaction location. The interaction location may be a location

where the item can be picked/grasped from a box, bin, shelf, etc.

[0089) The WCS 226 may control these stations and can command the ASRS system 224
to store items for later retrieval and/or to retrieve goods from storage over an interface. The
interface may be a series of logical lines, a senal port, a parallel port, or a network architecture
such as CAN, Ethernet, Modbus, or the like. Additionally, identification information specific
to certain items can be sent over this interface to cause the ASRS 224 to send specific items to

a station or to send the items to storage.

[0090] The WCS 226 may include or otherwise execute software that controls lower-level
tasks. These tasks may include receiving commands from the WMS 228 and translating them

into actionable control signals for other system components. For example, the WCS 226 may

12
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1ssue commands such as which conveyors to turn on, where to send shuttles to retrieve

containers, signals to activate interface lights, or the like.

[0091] The WMS 228 may include a software system that manages inventory and storage
resources. This may generally include processing incoming orders, tracking and tnggenng

replenishment, transporting inventory to interaction points, or the like.

[0092] The WSAS 230 may include hardware and software or otherwise execute software
used to manage warehouse operation. These may include the WCS 226 and the WMS 228, as

well as other automation hardware.

0093} In some embodiments, the picking coordination system 202 may control operation
of the system 200 and initiate/stop testing procedures. However, in other embodiments, an
operator such as a warehouse employee may control operation of varnous components of the

system 200. An operator may use, for example, a networked computer or a cloud-based service

to 1ssue commands.

[0094] The testing (1.e, training) procedures may take place during periods of inactivity.
For example, warehouse environments may be used for active commercial distribution tasks
during a certain part of the day or week. During other time pernods, the warehouse may be

tnactive, in which there are not live logistic operations occurring.

[0095] During these pertods of inactivity, the picking coordination system 202 may send
requests for specific items to test to the infrastructure management system 204. Specifically,

these requests may be communicated to the ASRS 224 and the WMS 228

[0096]  There may be a number of criterton or factors that may influence which item or
types of items are to be tested by the robotic manipulator 204. The picking coordination system
202 may select items that have a higher-than-average grasp error rate, for example. Or, the
picking coordination system 202 may select items that have not been tested within a
predetermined period of ttme. There may be a number of different factors, considered
individually or in combtnation that may influence which item or types of items are selected for

testing.

[0097] The request may be communicated to the WMS 228. The WMS 228 may then send
appropriate commands to the ASRS 224, which may then move a bin or other type of item

container to an interaction point.
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[0098] In the context of the present application, “interaction point” may refer to a location
in which the robotic manipulator 204 executes a grasp attempt. In a “goods-to-picker”

workflow, an item may be moved from a first location (such as storage) to the robotic

manipulator 204 at an interaction point.

[0099] FIG. 4, for example, illustrates an interaction point 400 in which boxes 402 of items
are brought to a robotic manipulator 404 via a transportation system 406 of conveyor belts.
Once the items are at the interaction point 400, the robotic manipulator 404 may execute the

grasp attempts and place them in a container 408 for shipment or for further storage.

[00100] As discussed above, the robotic manipulator 204 may also travel to the interaction
point to grasp the items. To that end, the robotic mampulator 204 may be configured with

transportation devices 220 such as those shown in FIG. 3.

[00101] Once the robotic manipulator 204 and the item(s) to be grasped are at the interaction
point, the robotic manipulator 204 may perform one or more grasp attempts in accordance with
a grasping strategy. The robotic manipulator 204 may perform several grasp attempts to

determine the effectiveness of a particular grasping strategy.

[00102] In the context of the present application, “grasping strategy™ or “grasp strategy”
may refer to the steps, movements, applied force(s), approach, and other characteristics that
detine how the robotic manipulator 204 executes a grasping attempt. These actions may also
include sensing actions, signal processing actions, planning, execution, validation, as well as

parameters of all of these actions.

[00103] Refernng back to FIG. 2, the picking coordination system 202 may be configured

with a processor 232 executing instructions stored on memory 234 to provide a planning
module 236. The processor 232 of the picking coordination system 202 may be configured

similarly to the processor 214 of the robotic manipulator 204 described above.

[00104] The processor 232 may execute instructions stored on the memory 234 to provide
the planning module 236 to generate grasping strategies to be executed by the robotic

manipulator 204. For example, the planning module 236 may define various parameters of a
grasping strategy such as how the arm device 210 and the end effector 212 are to approach an
item, how wide the end effector 212 should open its “hand,” how imagery should be processed,
how much force should be generated by the end effector 212 to grasp the item, or the like.
Parameters and instructions defining the generated grasping strategy may then be

communicated to the robotic manipulator 204 for execution.
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[00105] The system 200 and, namely, the picking coordination system 202, can use a
number of criteria to determine when to perform the test. It can receive an explicit command
from an operator to start/stop testing and/or it can use a settable ttme window such as at night
or during other inactive periods. It can also use a locally-evaluated cniteria such as during

periods of idleness or when it receives an update of inventory from the WMS 228, among other

criteria.

[00106] Similarly, the system 200 can abort any testing and data gathering procedures based
on a variety of criteria such as a specific interrupt signal from the ASRS 224 or the WMS 228.
The system 200 may then return to perform primary distnbution picking operations. The
system 200 may also operate opportunistically to test items of interest when they are already

brought to the system 200 for order fulfiliment.

[00107] To execute the testing process, the picking coordination system 202 may
communicate to the ASRS 224 to indicate the items to be tested. The system 202 may also
communicate a number of different arrangements of containers that are used in the graspability

testing processes. This can include recalling the same container or another container as the

destination for picking items.

[00108] Additionally or alternatively, the robotic manipulator 204 can keep the same
container at the interaction point throughout the entire data gathering process. Items can then
be picked, the grasp success and/or stability determined, and the items can be returned to the

same container. This 1s advantageous because 1t simplifies the process of returning items to

Inventory.

[00109] FIG. 5 illustrates a flowchart 500 of a goods-to-picker workflow 1n accordance with
one embodiment. In this embodiment, the picking coordination system 202 may issue one or

more item requests to the warehouse software and automation system 232. Specifically, any
requests may be received by the appropnate warehouse software 502, which also may receive

commercial orders.

|00110] The request may indicate the location of the item(s) within the warehouse.
Additionally or alternatively, the warehouse software 502 may search a database module 238
of FIG. 2 to learn the location of the requested item(s). Any appropriate goods-to-picker
automation systems 504 may then transport the required items from a first location (e.g.,
storage) to a second location (e.g., an interaction point) to a robotic manipulator 204. In this

embodiment, the robotic manipulator 204 is a stationary picking robot.
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[00111] The picking coordination system 202 may at any ime communicate the grasping
strategy to the robotic manipulator 204. Once the items are brought to the robotic manipulator

204, the robotic manipulator 204 can execute the strategy.

[00112] FIG. 6 illustrates a flowchart 600 of picker-to-goods workflow. In this embodiment,
the picking coordination system 202 may issue one or more item requests to the warehouse
software and automation system 232 Specifically, any requests may be received by the

appropriate warehouse software 602, which may also receive commercial orders.

[00113] The request may indicate the location of the item(s) within the warehouse.
Additionally or alternatively, the warehouse software 602 may search the database module 238
of FIG. 2 to learn the location of the requested 1tem(s). A picker-to-goods scheduler 604 may
then instruct the robotic manipulator to travel to the item. Asin FIG. 2, the robotic manipulator
204 may be configured with a transportation device to transport the robotic manipulator 204

from a first location to a second location (e.g., an interaction point) that stores the item.

[00114] The picking coordination system 202 may at any time communicate the picking
strategy to the robotic manipulator 204. Once the robotic manipulator 204 (which in this

embodiment is a mobile picking robot) travels to the items, the robotic manipulator 204 can

execute the strategy .

[00115] It 1s noted that items can also be presented manually to the robotic manipulator 204
- etither fixed-based or mobile. An operator may provide a plurality of bins or containers of
items to be picked/tested to the manipulator 204, or the operator can direct a manipulator 204

to a plurality of locations on a shelf, racks of bins, or similarly storage means.

[00116] The selection of items to test can be made by the picking coordination system 202,

the robotic manipulator 204, the warehouse software and automation system 230, or by a
human operator. The robotic manipulator 204 may return the items to their original containers,
or transfer them to new containers as part of the graspability testing. The operator may or may
not communicate information about the items to the robotic manipulator 204, and the gathered
data may be transferred manually or automatically to the picking coordination system 202
and/or the infrastructure management system 206. This data may then be integrated with any
suitable databases or with the cloud-based picking coordination system 202 to improve future

picking operations.

[00117] The robotic manipulator 204 may then execute the grasping strategy on any number

of items. Generally, an execution involves the robotic manipulator imaging the items in a
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container, preforming any required sensing, signal, or image processing to define one or more
items to be grasped, attempting to grasp the item in accordance with one or more parameters,
evaluating the grasp attempt (e.g., determining if the item was successfully lifted), and

optionally shaking the end effector 212 and the item to determine stability under disturbance.

[00118] In some embodiments, the grasping strategy may only involve partial execution of
the grasping process. For example, some grasping strategies may only require the imaging
portion of the process to reveal how well specific items can be imaged with the selected sensor
device(s) 218. These partial grasping strategies can also include signal and/or image
processing steps and grasp planning aspects to assess how well the corresponding components

can perform.

[00119] In some embodiments, the grasping strategy may involve grasping the item but not
lifting the item. This may provide helpful information related to tactile sensor signals. In other
embodiments, the grasping strategy may also involve lifting the item. To determine if the item

1s lifted, the end effector can be imaged to see if the item was successfully lifted.

[00120] Additionally or alternatively, any sensor devices 218 configured with the end
effector 212 or arm device(s) 210 can detect the item weight. Similarly, the item can be placed
on a scale provided for this purpose. Or, there may be sensor devices located under the source

or destination container to detect whether an item has been removed from or placed thereon.

[00121] In some embodiments, the robotic manipulator 204 may be configured to perform
non-prehenstle probing of the items. In the context of the present application, “non-prehensile
probing” may refer to the acts of touching items without the intent of grasping. Non-prehensile
probing may be useful to generate additional views of the items or to confirm item calibration

and/or object stiffness or material.

[00122] In some embodiments, the grasping strategy may involve “stirring” the items in a
container or tilting the container to determine how the items interact with each other and the
container walls. Also, the detection and localization of barcodes or other indicia using a sensor

device 218 can provide information about the movement of target items.

[00123] The robotic manipulator 204 and its sensor devices 218 may gather a variety of data
during testing. This data may include image data related to the item(s) and the grasp attempt(s)
such as whether an attempt was successful. This image data may include monochrome, color,

hyperspectral, depth/point-cloud, and other types of data as well as combinations thereof. The
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types of image data gathered may of course vary on the type and configuration of the sensor

device(s) 218.

[00124] Sensor devices such as accelerometers, joint encoders, and potentiometers may
gather data regarding spatial position and the motion of the arm device(s) 210 and
transportation device(s) 220. Sensor devices such as torce-torque sensors or tactile located in
or otherwise configured with the robotic manipulator 204 may gather data regarding applied

force and item mass.

[00125] Additionally, the system 200 may include a scanner configured with or external to
the robotic manipulator 204 to gather geometry information of an item. These scanners may
operate based on tnangulation, stereo imaging, or the like. These scanners or other types of
sensor device(s) 218 may gather data related to grasp success rates and data used for grasp

stability estimation.

[00126] The data gathered as a result of the grasp attempt(s) may be stored in a database
module 238 and/communicated to the picking coordination system 202 and the infrastructure
management system 206. The planning module 236 may further process this data to
characterize expected future performance of a robotic manipulator 204. For example, this data
may provide insight as to the pick time, error rate, or the like on a particular item given a

particular grasp strategy.

[00127]  This data may also be communicated to operators or other interested parties to
inform the operators of grasp failures and the reason(s) for such failures. This information can
then help improve performance. For example, an item or grasping strategy with a relatively
high error rate may be selected more often for future tests, and future grasping strategies or
parameters thereof can be altered in an effort to improve performance. Parameters that may be
varied may include, for example, vision segmentation, model building, grasp location

selecting/planning, grasp control, or the like.

[00128]  FIG. 7 depicts a flowchart 700 showing the flow of data during testing. Specifically,
FIG.7 shows that, during item selection and data gathering, one or more optimization
algorithms may be executed by the planning module 236 to optimize parameters of the grasping

strategy.

[00129] In step 702, the picking coordination system 202 selects one or more items for
testing based on statistics stored in the database module 238. It is noted that in FIG. 7 the

picking coordination system 202 may gather statistics related to and request items based on

.
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stock keeping units (SKUs). SKUs may refer to an 1dentification designation for a particular

item or type of item.

[00130] One or more SKUs may be selected based on results of previous grasp attempts.
For example, if a particular SKU (i.e., an item) has a high failure rate (1.e., there has been a

relatively low amount of successful grasps), then that item may be a suitable candidate for

testing.

[00131] Step 704 involves repeatedly picking or otherwise repeatedly attempting to grasp
the item. The repeated attempts may be in accordance with a grasping strategy defined by one

Or more parameters.

[00132] Step 706 involves updating one or more parameters upon the receipt of new data
resulting from the grasp attempt(s). Ideally, the updated parameter will help improve grasp

performance.

[00133] For example, one particular grasp strategy may have a learned classifier that
predicts whether or not a grasp will fail based on sensor data. Parameters of this classifier can
be adjusted based on new pick attempts and their success rates. Any required analysis can be

performed locally on processors 214 and/or 232 or on components in a local facility.

[00134] Alternatively, the data can be uploaded to a central server or cloud server for remote
analysis and data mining. These servers may be provided by the robotic manipulator vendor

and/or by the ASRS 224 or WMS 228 operator, for example.

[00135] Embodiments described herein can utilize a wide range of machine learning
methods to update these grasping strategy parameters. In some embodiments, the planning
module 236 may compute the gradient of a cost function (e.g., the probability of success) with
respect to certain parameters (e.g., the finger positions) on the collected data. This method,

known as (stochastic) gradient descent, is depicted in FIG. 8 as a flowchart 800.

[00136] In FIG. 8, an algorithm parameter is denoted by O and the current confidence
parameters, which may be related to how many times the item has been grasped or attempted
to be grasped, may influence the estimate of the probability of success. Once a grasp attempt
1s executed, the predicted value can be compared with the truth value (whether or not the item
was successfully grasped) and the appropriate parameters can be updated by computing the

derivative of this function.
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[00137] These gradient-based approaches, common in deep learning, are relatively easy to
implement given existing automatic differentiation tools (e.g., TensorFlow®) and do not
require full Bayesian models of each parameter. Regardless, other optimization algorithms can

be used to update the parameters. For example, techniques such as Markov Chains, Monte

Carlo simulations, and variational inference and evolutionary strategies can be used.

[00138] It is noted that parameters for new planning strategies can be estimated quickly
based on existing parameters. This may be advantageous when a new item is encountered that

is similar to an item that has already been tested.

[00139] For example, if a new cellular phone from a particular company is released and
includes similar packaging to an earlier model, the grasping strategy required for successtul
grasps for the new model will likely be similar to those required for the earlier model.

Accordingly, grasping strategies for and other information related to the earlier model may be

used as a starting point.

[00140] This knowledge transfer, generally known as transfer learning, may be used to
“bootstrap”™ new strategies. The attributes of earlier items can then be embedded in a low-
dimensional representation metric. Parameters for similar items can therefore rely on these

metrics as starting values for new parameters and new items.

[00141] These bootstrapping techniques inevitably reduce training time. Further, these
techniques can be used to quickly select parameters for newly developed planning strategy
elements (e.g., a new image segmentation algorithm) that has similar parameters to a previous

strategy.

[00142] In addition to the techniques described above, other machine learning methods may
be used to accomplish the various features described herein. These include classification
techniques such as clustering and support vector machines, and estimation techniques such as

Kalman filters and maximum likelihood methods.

[00143] FIG. 9 depicts a flowchart of a method 900 of training a robotic manipulator in
accordance with one embodiment. The method 900 may be performed by components such as

those illustrated in FIG. 2.

[00144] Step 902 involves receiving data regarding an item from a first sensor device. This
data may include data such as size data, shape data, material data, and weight data related to
the item. This data may also include data regarding previous grasping attempts with respect to

the particular item and/or grasping strategy.
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[00145] Step 904 involves generating, using a processing device executing instructions
stored on a memory to provide a planning module, an item grasping strategy to be executed by

the robotic manipulator to grasp the item. This processing device may be similar to the
processors of FIG. 2, for example. The planning module may generate an item grasping
strategy to be executed by the robotic manipulator. The grasping strategy may be defined by
one or more parameters such as, but not limited to, manipulator position before grasping, pre-
grasp manipulations, image processing technique(s), responses to feedback from the sensor

device, or the like.

[00146] Step 906 involves transmitting the item grasping strategy to a robotic manipulator
for execution. The item grasping strategy may be communicated over a network such as the

network 208 of FIG. 2.

[00147] Step 908 involves receiving data regarding the execution of the item grasping
strategy from a second sensor device. This data may be gathered during and/or after the time
in which the robotic manipulator executes the item grasping strategy. This data may be

communicated to the planning module over a network such as the network 208 of FIG. 2.

[00148] Step 910 involves evaluating the item grasping strategy using the planning module
and the data received from at least a second sensor device. This may include evaluating
whether or not the robotic manipulator successfully grasped (and held onto) the item as a result
of executing the item grasping strategy. This data may then be used to assist in improving
future manipulator performance by altering one or more parameters of the item grasping

strategy.

[00149] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as appropriate.
For instance, in alternative configurations, the methods may be performed in an order different
from that described, and that varnious steps may be added, omitted, or combined. Also, features
described with respect to certain configurations may be combined in various other
configurations. Different aspects and elements of the configurations may be combined in a

similar manner. Also, technology evolves and, thus, many of the elements are examples and

do not limit the scope of the disclosure or claims.

[00150] Embodiments of the present disclosure, for example, are described above with
reference to block diagrams and/or operational illustrations of methods, systems, and computer

program products according to embodiments of the present disclosure. The functions/acts
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noted 1n the blocks may occur out of the order as shown in any flowchart. For example, two
blocks shown 1n succession may in fact be executed substantially concurrent or the blocks may
sometimes be executed in the reverse order, depending upon the functionality/acts involved.
Additionally, or alternatively, not all of the blocks shown 1n any flowchart need to be performed
and/or executed. For example, if a given flowchart has five blocks containing functions/acts,
it may be the case that only three of the five blocks are performed and/or executed. In this

example, any of the three of the five blocks may be performed and/or executed.

[00151] A statement that a value exceeds (or 1s more than) a first threshold value is
equivalent to a statement that the value meets or exceeds a second threshold value that is
slightly greater than the first threshold value, e.g., the second threshold value being one value
higher than the first threshold value in the resolution of a relevant system. A statement that a
value 1s less than (or is within) a first threshold value is equivalent to a statement that the value
is less than or equal to a second threshold value that i1s slightly lower than the first threshold
value, e.g., the second threshold value being one value lower than the first threshold value in

the resolution of the relevant system.

[00152]  Specific details are given in the description to provide a thorough understanding of
example configurations (including implementations). However, configurations may be
practiced without these specific details. For example, well-known circuits, processes,
algorithms, structures, and techniques have been shown without unnecessary detail in order to
avoid obscuring the configurations. This description provides example configurations only,
and does not limit the scope, applicability, or configurations of the claims. Rather, the
preceding description of the configurations will provide those skilled in the art with an enabling

description for implementing described techniques. Various changes may be made in the

function and arrangement of elements without departing from the spirit or scope of the

disclosure.

[00153] Having described several example configurations, various modifications,
alternative constructions, and equivalents may be used without departing from the spirit of the
disclosure. For example, the above elements may be components of a larger system, wherein
other rules may take precedence over or otherwise modify the application of various
implementations or techniques of the present disclosure. Also, a number of steps may be

undertaken before, during, or after the above elements are considered.
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[00154] Having been provided with the description and illustration of the present
application, one skilled in the art may envision variations, modifications, and alternate
embodiments falling within the general inventive concept discussed in this application that do

not depart from the scope of the following claims.
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CLAIMS

What 1s claimed 1s:
1. A method of training a robotic manipulator, the method comprising:

receiving data regarding an item from a first sensor device;

generating, using a processing device executing instructions stored on a memory to
provide a planning module, an item grasping strategy to be executed by the robotic
manipulator to grasp the item,;

transmitting, to a robotic manipulator for execution, the item grasping strategy;

recetving data regarding the execution of the item grasping strategy from a second
sensor device; and

evaluating the item grasping strategy using the planning module and the data received

from at least a second sensor device.

2 The method of claim | wherein the received data regarding the item includes size
data.

3. The method of claim 1 wherein the received data regarding the item includes shape
data.

4. The method of claim 1 wherein the received data regarding the item includes material
data.

5. The method of claim 1 wherein the received data regarding the item includes weight
data.

6. The method of claim | further comprising:

altering at least one parameter of the item grasping strategy to provide a corrective
item grasping strategy based on the evaluation; and

transmitting, to a robotic manipulator for execution, the corrective grasping strategy.
7 The method of claim 6 wherein the at least one parameter is selected from the group

consisting of robotic manipulator position before grasping, pre-grasp manipulations, image

processing technique, and response to feedback from the first sensor device.
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8. The method of claim 1 wherein the robotic manipulator includes a robotic hand

device for executing the grasping strategy.

9. The method of claim 1 wherein the robotic manipulator includes a suction device for

executing the grasping strategy.

10.  The method of claim | wherein the robotic manipulator includes an adhesive device

for executing the grasping strategy.

11.  The method claim 1 wherein evaluating the item grasping strategy includes

determining whether the robotic manipulator grasped the item.

12. The method of claim 1 wherein the first sensor device and the second sensor device

are the same device.

13.  The method of claim 1 further comprising iterating the steps of
transmitting, to a robotic manipulator for execution, the item grasping strategy
receiving data regarding the execution of the item grasping strategy from the second
sensor device; and
evaluating the item grasping strategy using the planning module and the data received

from the second sensor device.

14.  The method of claim 1 further comprising storing data regarding the success rate of

the item grasping strategy in a database module.

15. The method of claim 1 further comprising selecting the item to be grasped based on

previous grasp success rates.

16.  The method of claim 1 further comprising selecting the item to be grasped based on at

least one physical characteristic of the item.
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17.  The method of claim 1 wherein transmitting the item grasping strategy to the robotic
manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution during a weekend.

18 The method of claim 1 wherein transmitting the item grasping strategy to the robotic
manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution dunng an overnight period.

19.  The method of claim 1 wherein transmitting the item grasping strategy to the robotic
manipulator for execution includes transmitting the item grasping strategy to the robotic

manipulator for execution during a lull penod.

20. A system for training a robotic manipulator, the system comprising;
a robotic manipulator for grasping an item;
a first sensor device for gathering data regarding the item;
a second sensor device for gathering data regarding the execution of the item grasping
strategy:
a processing device executing instructions stored on a memory to provide a planning
module configured to:
generate an item grasping strategy to be executed by the robotic manipulator
to grasp the item,
transmit the item grasping strategy to a robotic manipulator for execution; and
evaluate the item grasping strategy executed by the robotic manipulator using

data recetved from the second sensor device.

21.  The system of claim 20 wherein the data regarding the item includes size data.

22. The system of claim 20 wherein the data regarding the item includes shape data.

23, The system of claim 20 wherein the data regarding the item includes material data.

24.  The system of claim 20 wherein the data regarding the item includes weight data.
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25.  The system of claim 20 wherein the planning module 1s further configured to alter at

least one parameter of the item grasping strategy based on the evaluation to provide a

corrective item grasping strategy, and the robotic manipulator 1s further configured to execute

the corrective item grasping strategy.

26.  The system of claim 25 wherein the at least one parameter is selected from the group
consisting of robotic manipulator position before grasping, pre-grasp manipulations, image

processing technique, and response to feedback from the first sensor device.

27.  The system of claim 20 wherein the robotic manipulator includes a robotic hand

device for executing the grasping strategy.

28.  The system of claim 20 wherein the robotic manipulator includes a suction device for

executing the grasping strategy.

29.  The system of claim 20 wherein the robotic manipulator includes an adhesive device

for executing the grasping strategy.

30.  The system of 20 wherein evaluating the item grasping strategy includes determining

whether the robotic manipulator grasped the item.

31.  The system of claim 20 wherein the first sensor device and the second sensor device

are the same device.
32.  The system of claim 20 wherein the robotic manipulator and the planning module are
further configured to iterate the steps of generating the item grasping strategy, transmitting

the item grasping strategy, and evaluating the item grasping strategy.

33.  The system of claim 20 further comprising a database module for storing data

regarding the success rate of the item grasping strategy.

34.  The system of claim 20 wherein the item to be grasped is selected based on previous

grasp success rates.
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35.  The system of claim 20 wherein the item to be grasped 1s selected based on at least

one physical charactenstic of the item.

36.  The system of claim 20 wherein the robotic manipulator executes the grasping

strategy during a weekend.

37.  The system of claim 20 wherein the robotic manipulator executes the grasping

strategy during an overnight period.

38.  The system of claim 20 wherein the robotic manipulator executes the grasping

strategy during a lull period.
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