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SYSTEM AND METHOD FOR ORDER FULFILLMENT USING ROBOTS 

PRIORITY CLAIM 

[001] The present application claims the priority benefit of U.S. provisional patent 

application number 62/115,440 filed February 12, 2015 and entitled "System and 

Method for Order Fulfillment and Inventory Management Using Robots," and of U.S. 

provisional patent application number 62/117,457 filed February 18, 2015 and entitled 

"System and Method for Order Fulfillment Using Robots to Assist in Selecting Stock 

Items," the disclosures of which are incorporated herein by reference. 
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[003] "SYSTEM AND METHOD USING ROBOTS TO ASSIST HUMANS IN 

ORDER FULFILLMENT," by Wise, et al., co-filed herewith. 
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SUMMARY 

[004] This invention relates in general to order fulfillment systems, and more 

particularly to a system and method for order fulfillment to transport and manipulate 

inventory to fulfill orders. 

[005] A system for order fulfillment using one or more robots includes: a server 

configured to receive an order comprising an order item; inventory storage operably 

connected to the server, the inventory storage comprising order items; an actor robot 

operably connected to and selected by the server, the actor robot configured to perform 

one or more of picking the order item from inventory storage, moving the order item, 

and positioning the order item; and an order robot operably connected to the server, the 

order robot configured to collect the order item, wherein the order item is positioned by 

the actor robot so as to be accessible to the order robot, so as to perform order 

fulfillment using one or more robots. 

[006] Preferably, but not necessarily, the actor robot is configured to pick and move 

the order item. For example, the actor robot comprises a mobile actor robot. For 

example, the actor robot comprises a mobile actor robot configured to carry the order 

item. For example, the actor robot comprises a stationary actor robot. For example, the 

actor robot comprises a stationary actor robot configured to move the order item. 

[007] A system for order fulfillment using one or more robots includes: a server 

configured to receive an order comprising an order item; an inventory robot operably 

connected to the server, the inventory robot comprising order items; an actor robot 

operably connected to and selected by the server, the actor robot configured to perform 
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one or more of receiving from the server and generating a currently planned path for the 

actor robot, the actor robot further configured to perform one or more of picking the 

order item, moving the order item, and positioning the order item; and an order robot 

operably connected to the server, the order robot configured to collect the order item, 

wherein the order item is positioned by the actor robot so as to be accessible to the 

order robot, so as to perform order fulfillment using one or more robots. 

[008] A method for order fulfillment using robots includes: receiving, by a server, 

an order comprising an order item; selecting, by the server, a task robot to perform a 

task relating to fulfillment of the order; receiving, by the server, position information from 

the task robot; determining, by the server, using the position information, that the task 

robot is positioned so as to be ready to perform the task; transmitting, by the server, the 

task to the task robot; and receiving, by the server, from the task robot, a task 

confirmation confirming that the task has been completed. 

[009] A method for order fulfillment using robots includes: receiving, by a task robot, 

from a server, a selection by the server of the task robot; computing, by the task robot, a 

currently planned path configured to enable the task robot to reach the destination while 

optimizing criteria of interest; executing, by the task robot, the currently planned path; 

communicating position information, by the task robot, to the server; determining, by the 

task robot, using the position information, that the task robot is positioned so as to be 

ready to perform a task relating to fulfillment of an order; receiving, by the task robot, 

from the server, the task; performing the task, by the task robot; and sending, to the 

server, by the task robot, a task confirmation confirmed that the task has been 

completed. 
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[0010] A method for order fulfillment using robots includes: receiving, by a server, an 

order comprising an order item; selecting, by the server, a task robot to perform a task 

relating to fulfillment of the order; determining, by the server, a destination for the task 

robot; computing, by the server, a currently planned path for the task robot configured to 

enable the task robot to reach the destination while optimizing criteria of interest; 

transmitting, by the server, the currently planned path to the task robot; receiving, by the 

task robot, from the server, the currently planned path; executing, by the task robot, the 

currently planned path; communicating position information, by the task robot, to the 

server; receiving, by the server, position information from the task robot; determining, by 

one or more of the server and the task robot, using the position information, that the 

task robot is positioned so as to be ready to perform the task; transmitting, by the 

server, the task to the task robot; receiving the task, by the task robot, from the server; 

performing the task, by the task robot; sending, to the server, by the task robot, a task 

confirmation confirmed that the task has been completed; receiving, by the server, 

from the task robot, the task confirmation; and determining, by the server, that the 

task robot is not to be sent to another destination. 

DESCRIPTION OF THE DRAWINGS 

[0011] Figures 1A-1B are a set of flow charts of a method for order fulfillment using 

robots. 

[0012] Figures 2A-2F are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which a stationary actor 
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robot picks ordered inventory from one or more inventory robots and positions the 

ordered inventory on an order robot. 

[0013] Figures 3A-3F are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which a stationary actor 

robot picks ordered inventory from a conveyor and positions the ordered inventory on 

the order robot. 

[0014] Figures 4A-4B are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which the mobile actor 

robot that is also the mobile order robot picks an order item from an inventory robot and 

positions the order item so as to be accessible to the mobile order robot. 

[0015] Figures 5A-5B are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which the mobile actor 

robot that is also effectively the inventory robot picks an order item from the mobile 

actor robot and positions the order item so as to be accessible to the order robot. 

[0016] Figures 6A-6B are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which the mobile actor 

robot that is also the mobile order robot picks the first order item from inventory storage 

and positions the first order item so as to be accessible to the mobile order robot. 

[0017] Figures 7A-7D are a set of pictures that depict a system for order fulfillment 

using one or more robots, as used in a sequence of events in which the mobile actor 

robot picks the first order item from a first inventory storage and positions the first order 

item so as to be accessible to the order robot, then picks the second order item from a 
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second inventory storage and positions the second order item so as to be accessible to 

the order robot. 

[0018] Figures 8A-8F are a set of pictures that depict an order robot that is loaded 

with picked order items driving itself to a packing station pursuant to a system for order 

fulfillment using one or more robots, where a packer robot packs the picked order items 

into boxes to be shipped. 

[0019] Figure 9 is a flowchart of a method for order fulfillment using robots. 

[0020] Figure 10 is a flowchart of a method for order fulfillment using robots. 

DETAILED DESCRIPTION 

[0021] While the present invention is susceptible of embodiment in many different 

forms, there is shown in the drawings and will herein be described in detail one or 

more specific embodiments, with the understanding that the present disclosure is to be 

considered as exemplary of the principles of the invention and not intended to limit the 

invention to the specific embodiments shown and described. In the following description 

and in the several figures of the drawings, like reference numerals are used to describe 

the same, similar or corresponding parts in the several views of the drawings. 

[0022] The system comprises a robot and a server configured to control the system. 

The server may be located in a warehouse. The server may be connected to the 

warehouse via one or more of a network connection, the cloud, a wired connection, and 

another connection. For example, the robot may comprise a robot base. According to 
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an alternative set of embodiments, the robot base may not be constrained to the plane 

and may fly using one or more propellers. According to another alternative set of 

embodiments, the robot may move using actuated legs. According to yet another set of 

embodiments, the robot may move itself by balancing on a ball. 

[0023] The system includes a plurality of components such as one or more of 

electronic components, hardware components, and computer software components. A 

number of such components can be combined or divided in the system. An example 

component of the system includes a set and/or series of computer instructions written in 

or implemented with any of a number of programming languages, as will be appreciated 

by those skilled in the art. 

[0024] The system in one example employs one or more computer-readable signal-

bearing media. The computer-readable signal bearing media store software, firmware 

and/or assembly language for performing one or more portions of one or more 

implementations of the invention. The computer-readable signal-bearing medium for 

the system in one example comprises one or more of a magnetic, electrical, optical, 

biological, and atomic data storage medium. For example, the computer-readable 

signal-bearing medium comprises one or more of floppy disks, magnetic tapes, CD-

ROMs, DVD-ROMs, hard disk drives, downloadable files, files executable "in the cloud," 

electronic memory, and another computer-readable signal-bearing medium. 

[0025] According to embodiments of the invention, the system receives an order. 

For example, the order comprises one or more items. For example, the order 

comprises an inventory management job. For example, the system comprises the 
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inventory manager. For example, the system does not comprise the inventory 

manager. 

[0026] According to embodiments of the invention, a server receives the order. For 

example, the server receives the order from a customer. For example, the server 

receives the order from an inventory manager. 

[0027] According to further embodiments of the invention, using the order, the server 

transmits a task to a robot. For example the task is related to the order. For example, 

the task comprises an order fulfillment task related to the order. 

[0028] According to other embodiments of the invention, the robot accepts the task 

from the server. According to further embodiments of the invention, the robot performs 

the task. For example, the task comprises a direction to a robot to pick one or more 

items comprised in the order. For example, the robot picks the one or more items from 

one or more inventory storages that comprises the one or more items. Inventory 

storage comprises one or more of an inventory robot, a box, a bin, a fixed shelf, a non-

fixed shelf, a rack, a conveyor, a warehouse, another inventory storage location, and 

other inventory storage. 

[0029] Packing of the one or more items may be performed. For example, the 

packing may be performed by a packing robot. Shipping of one or more of the one or 

more items may be performed. For example, the shipping may be performed by a 

packing robot. 

[0030] According to further embodiments of the invention, the one or more robots 

may be configured to move one or more inventory items. According to other 

embodiments of the invention, the one or more robots may be configured to manipulate 
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one or more inventory items. For example, the one or more inventory items may be 

located in one or more warehouses. According to yet other embodiments of the 

invention, the one or more robots may communicate wirelessly with the server. 

[0031] According to further embodiments of the invention, the system comprises 

software. 

[0032] For example, the software comprises one or more of order fulfillment software 

and inventory management software. For example, the software may be comprised in 

one or more of a server, one or more of the one or more robots, in the cloud, and in 

other software locations. 

[0033] The software may be configured to assign one or more orders to one or more 

specific robots. The software may be further configured to select an inventory item. For 

example, the software may be configured to select an inventory item that comprises an 

order item. The software may be further configured to assign the order item to a 

designated robot. For example, an action may comprise one or more of locating an 

order item, picking an order item, transporting an order item, and packing an order item. 

For example, picking an order item comprises picking an order item from storage. For 

example, the server may parse an order out to a robot as a pick order. For example, a 

pick order comprises one or more of locating an order item and picking an order item. 

For example, when a robot has completed a designated action, it may send a 

confirmation to the system that it has completed the designated action. For example, 

when a robot has completed a pick, it may send a confirmation to the system that it has 

completed the pick. For example, the server may split among more than one robot the 

assignment of the items of an order. According to another set of embodiments, the 
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server may also cancel an assignment of a robot to one or more of a designated action 

and a designated item. 

[0034] According to other embodiments of the invention, the server is configured to 

plan a path for execution by one or more robots of one or more assignments. For 

example, the path may be an optimal path. For example, the path may be a time 

optimal path. For example, the path may be a cost optimal path. For example, the 

system may comprise optimization software. For example, one or more of the server, 

one or more of the one or more robots, the cloud, and other software locations may 

comprise the optimization software. 

[0035] For example, the optimization software may plan a path that avoids one or 

more obstacles. For example, the one or more obstacles may comprise one or more of 

a human, another robot, a structure, and another obstacle. For example, following the 

path planned by the optimization software, the robot may execute the path while 

avoiding the one or more obstacles. For example, the optimization software may plan 

the path using one or more of a laser scanner, a depth camera, a red-green-blue (RGB) 

camera, another camera, an ultrasonic sensor, a radar sensor, and another sensor. For 

example, the sensor may be a time of flight sensor. For example, the system may be 

configured, in case an order is canceled, to re-plan a new path. For example, the new 

path may be re-planned between one or more new destination locations. For example, 

the system may be configured to dynamically re-plan the new path. For example, the 

robot may be configured to dynamically re-plan the path. 

[0036] According to other embodiments of the invention, the system may use 

position information received from a task robot to prepare a task. The task robot 
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comprises one or more of an inventory robot, an order robot, an actor robot, and a 

packer robot. For example, the system may use the position information to prepare a 

task for a robot. For example, the system may use the position information to prepare a 

task for a robot to perform one or more of pausing, waiting for a designated duration of 

time, and waiting until a designated event occurs. For example, the designated event 

may comprise an arrival of a robot at a designated location. For example, preparing a 

task for a robot to wait until the arrival of a robot at a designated location may help 

perform one or more of avoiding interference with other robots and minimizing 

interference with other robots. 

[0037] According to further embodiments of the invention, an order can be fulfilled in 

a number of several different ways. For example, a pick order can be fulfilled in a 

number of different ways. For example, a pick order can be fulfilled in a number of 

different ways depending on details of one or more of a warehouse and another 

inventory storage location. For example, a pick order can be fulfilled in a number of 

different ways depending on an automation configuration of one or more of a 

warehouse and another inventory storage location. For example, one or more of items 

and inventory may be moved around the inventory storage location by one or more 

robots. 

[0038] According to other embodiments of the invention, the robots comprise one or 

more of inventory robots, order robots, actor robots, and packer robots. According to 

further embodiments of the invention, the actor robots comprise one or more of 

stationary actor robots and mobile actor robots. 
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[0039] According to still further embodiments of the invention, inventory robots may 

comprise robots configured to perform one or more of transportation of inventory and 

manipulation of inventory. For example, an inventory robot may comprise an inventory 

robot base. 

[0040] For example, the inventory robot may be configured to move inventory. For 

example, the inventory robot may be configured to carry inventory. For example, the 

inventory robot may be configured to carry inventory on top of itself. For example, the 

inventory robot may be configured to carry inventory inside itself. In some 

embodiments, inventory may be contained within one or more of boxes, bins, shelves, 

and the like. 

[0041] According to yet other embodiments of the invention, order robots may 

comprise robots configured to collect order items. For example, an order robot may 

comprise one or more of an order bin, an order shelf, and an order box. For example, 

the order robot may comprise an order robot base. For example, an order robot may 

comprise a mobile order robot base. For example, a mobile order robot may transport 

one or more of an order bin, an order shelf, and an order box. 

[0042] According to further embodiments of the invention, an actor robot may be 

configured to perform an action. For example, an actor robot may be configured to 

perform one or more of picking one or more order items from inventory storage, moving 

the order item, and positioning the order item so as to be accessible to an order robot. 

An actor robot comprises one or more of a stationary actor robot and a mobile actor 

robot. An order item may comprise one or more of an inventory item, a product, and 

another order item. For example, the actor robot may be configured to transfer an order 
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item between two robots. For example, the actor robot may be configured to pick an 

order item from one or more of an inventory robot and an order robot to one or more of 

an inventory robot and an order robot. As another example, the actor robot may be 

configured to transfer an order item between a robot and the inventory storage. As a 

further example, the actor robot may be configured to transfer an order item between 

two inventory storages. The inventory storage may comprise one or more of one or 

more of a box, a bin, a fixed shelf, a non-fixed shelf, a rack, and other inventory storage. 

[0043] For example, a stationary actor robot may comprise one or more arms. For 

example, one or more of the one or more arms may be mobile. For example, one or 

more of the one or more arms may be fixed. For example, one or more of the one or 

more arms may be configured to pick an order item. 

[0044] According to further embodiments of the invention, one or more actor robots 

may meet at a pick location in an inventory storage location where inventory is picked 

by one or more of the one or more stationary actor robots. For example, the inventory 

may be picked from one or more of a robot and inventory storage. For example, the 

inventory may be transferred to one or more of a robot and inventory storage. An order 

may thereby be partially or completely filled. 

[0045] According to other embodiments of the invention, a packer robot may be 

configured to pack one or more picked order items into a box or other container to be 

shipped. 

[0046] Any logic or application described herein that comprises software or code can 

be embodied in any non-transitory computer-readable medium for use by or in 

connection with an instruction execution system in a computer system or other system. 
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In this sense, the logic may comprise, for example, statements including instructions 

and declarations that can be fetched from the computer-readable medium and can be 

executed by the instruction execution system. In the context of the present disclosure, 

a computer-readable medium can be any medium that can contain, store, or maintain 

the logic or application described herein for use by or in connection with the instruction 

execution system. For example, the computer-readable medium may comprise one or 

more of random access memory (RAM), read-only memory (ROM), hard disk drive, 

solid-state drive, USB flash drive, memory card, floppy disk, optical disc such as 

compact disc (CD) or digital versatile disc (DVD), magnetic tape, and other memory 

components. For example, the RAM may comprise one or more of static random 

access memory (SRAM), dynamic random access memory (DRAM), magnetic random 

access memory (MRAM), and other forms of RAM. For example, the ROM may 

comprise one or more of programmable read-only memory (PROM), erasable 

programmable read-only memory (EPROM), electrically erasable programmable read­

only memory (EEPROM), and other forms of ROM. 

[0047] Figures 1A-1B are a set of flow charts of a method 100 for order fulfillment 

using robots. 

[0048] Figure 1A is a flow chart of a method 100 for order fulfillment using robots. 

[0049] The order of the steps in the method 100 is not constrained to that shown in 

Figure 1A or described in the following discussion. Several of the steps could occur in a 

different order without affecting the final result. 

[0050] In step 110, a server receives an order. For example, the server receives a 

pick order instructing an actor robot to pick one or more order items ordered by a user. 
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For example, the pick order is received from another part of the system. For example, 

the pick order is received directly from the user. Block 110 then transfers control to 

block 115. 

[0051] In step 115, the server selects a task robot to perform a task relating to 

fulfillment of the order. For example, the task robot comprises an order robot. For 

example, the task comprises a pick order for a task robot to pick an order item. Block 

115 then transfers control to block 117. 

[0052] In step 117, the task robot receives from the server the selection of the task 

robot. Block 117 then transfers control to block 120. 

[0053] In step 120, the server determines a destination for the task robot. The 

destination is determined so as to enable the task robot to perform its task. Block 120 

then transfers control to block 125. 

[0054] In step 125, one or more of the server and the task robot computes a 

currently planned path configured to enable the task robot to reach the destination while 

optimizing criteria of interest. For example, the currently planned path comprises an 

initial planned path. For example, the currently planned path comprises a revised 

planned path. For example, the criteria of interest comprise one or more of the expense 

of the currently planned path and the time required to execute the currently planned 

path. For example, the currently planned path optimizes one or more of the expense of 

the currently planned path and the time required to execute the currently planned path. 

For example, the currently planned path minimizes one or more of the expense of the 

currently planned path and the time required to execute the currently planned path. For 

example, the currently planned path is computed assuming an obstacle-free path to the 
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destination. For example, the currently planned path is computed assuming a path to 

the destination that is obstacle-free apart from one or more known obstacles. Block 125 

then transfers control to block 130. 

[0055] In step 130, the server transmits the currently planned path to the task robot. 

Block 130 then transfers control to block 132. 

[0056] In step 132, the task robot receives the currently planned path from the 

server. Block 132 then transfers control to block 135. 

[0057] In step 135, the task robot executes the currently planned path. Block 135 

then transfers control to block 140. 

[0058] In step 140, the task robot communicates position information to the server. 

For example, the position information comprises a position of the task robot. For 

example, the position information comprises a present position of the task robot. For 

example, the position information comprises a past position of the task robot. For 

example, the position information comprises a future position of the task robot. For 

example, the position information comprises position information affecting the task 

robot's currently planned path. For example, the position information comprises 

position information regarding an obstacle affecting the task robot's currently planned 

path. For example, the position information comprises position information regarding an 

obstacle preventing timely and cost-effective execution of the task robot's currently 

planned path. For example, the position information comprises position information 

regarding an obstacle blocking the task robot's current planned path. 

[0059] For example, the task robot may communicate position information 

comprising one or more planned future positions to the server. For example, the task 
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robot may communicate with an intermediary server that then communicates with the 

server. For example, the task robot may communicate wirelessly with the server. For 

example, the task robot may communicate non-wirelessly with the server. Block 140 

then transfers control to block 142. 

[0060] In block 142, the server receives the position information from the task robot. 

Block 142 then transfers control to block 145. 

[0061] In step 145, one or more of the server and the task robot determines whether 

the task robot is positioned so as to be ready to perform the task. If no, the process 

loops back to step 125 for computation of a new currently planned path. If yes, the 

process proceeds to block 150. 

[0062] In step 150, the server transmits the task to the task robot. For example, the 

server transmits to the task robot a pick order instructing the task robot to pick an order 

item. Block 150 then transfers control to block 152. 

[0063] In step 152, the task robot receives the task from the server. Block 152 then 

transfers control to block 155. 

[0064] In step 155, the task robot performs the task. For example, the task robot 

picks the order item. Block 155 then transfers control to block 160. 

[0065] In step 160, the task robot sends a task confirmation to the server confirming 

that the task has been completed. For example, the actor robot sends a pick 

confirmation confirming that the order item has been picked. If an expected task 

confirmation is not received, the server can stimulate its sending by requesting that the 

task robot send the server the task confirmation. Figures 2A-2F, 3A-3F, 4A-4B, 5A-5B, 
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6A-6B, and 7A-7D provide more detail regarding the picking process. Block 160 then 

transfers control to block 165. 

[0066] In step 165, the server receives the task confirmation from the task robot. For 

example, the server receives the pick confirmation from the order robot. Block 165 then 

transfers control to block 170. 

[0067] In step 170, the server determines whether the task robot is to be sent to 

another destination. If yes, the process loops back to step 125 for computation of a new 

currently planned path. If no, the process terminates. Alternatively, the process 

proceeds to optional block 175. 

[0068] In optional step 175, the task robot completes a final task. For example, if the 

task comprises a pick order, the order robot loaded with picked order items transports 

itself to a packing station, where one or more packing robots pack the picked order 

items. For example, the packing robot packs the picked order items into boxes to be 

shipped to the customer. For example, the packing robot packs the picked order items 

into boxes to be shipped to the customer. Figures 8A-8F provide more detail regarding 

the packing process. Block 175 then terminates the process. 

[0069] Figure 1B is a flow chart showing exemplary sub-steps of step 145 in Figure 

1A of the method 100 for order fulfillment using robots. 

[0070] The order of the sub-steps in the step 145 of the method 100 is not 

constrained to that shown in Figure 1B or described in the following discussion. Several 

of the sub-steps could occur in a different order without affecting the final result. 

[0071] In step 180, the server asks the robot to determine whether the path of the 

task robot to the destination is clear. If no, the process loops back to step 125 in Figure 
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1A for computation of a new currently planned path. If yes, the process proceeds to 

block 185. 

[0072] In step 185, it is queried whether another robot other than the task robot is 

already occupying the task robot's destination. If yes, the process proceeds to block 

190. If no, the process proceeds to step 150 in Figure 1A. 

[0073] In block 190, the task robot waits in queue for a time increment. For example, 

the time increment is predetermined. For example, the time increment is calculated 

using predetermined parameters. The process then loops back to block 185. 

[0074] Figures 2A-2F are a set of pictures that depict a system 200 for order 

fulfillment using one or more robots as used in a sequence of events in which a 

stationary actor robot picks ordered inventory from one or more inventory robots and 

positions the ordered inventory on an order robot. The system 200 includes a server 

205 configured to receive an order comprising an order item. 

[0075] Figures 2A-2F depict an order robot 210 that is operably connected to the 

server 205, a stationary actor robot 220, a first inventory robot 230 comprising a first 

inventory storage 235 that is operably connected to the server 205, a second inventory 

robot 240 comprising a second inventory storage 245 that is operably connected to the 

server 205, and a third inventory robot 250 comprising a third inventory storage 255 that 

is operably connected to the server 205. Additionally, or alternatively, one or more of 

the first inventory robot 230, the second inventory robot 240, and the third inventory 

robot 250 is operably connected to the server 205. Optionally, one or more of the first 

inventory storage 235, the second inventory storage 245, and the third inventory 

storage 255 comprises one or more inventory shelves. As depicted, only the first 
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inventory storage 235 comprises one or more inventory shelves 257A, 257B, 257C, 

257D, and 257E. 

[0076] One or more of the first inventory robot 230, the second inventory robot 240, 

and the third inventory robot 250 is used to move one or more of a first order item 260, 

a second order item 270, and a third order item 280. As shown, the first inventory robot 

230 comprises the first order item 260 and is used to move the first order item 260, the 

second inventory robot comprises the second order item 270 and is used to move the 

second order item 270, and the third order robot 250 comprises the third order item 280 

and is used to move the third order item 280. The depicted stationary actor robot 220 

comprises a stationary robot arm 285. Optionally, and as depicted, the stationary robot 

arm 280 is mounted on a vertical lift 290. 

[0077] Preferably, but not necessarily, the inventory robot 230, 240, 250 is 

configured to pick and move the order item 260, 270, 280. 

[0078] The order robot 210 may comprise order storage 282. The order storage 282 

may comprise one or more of an order bin, an order shelf, and an order box. For 

example, the order robot 210 may comprise the order robot base. For example, the 

order robot 210 may comprise a mobile order robot base. 

[0079] The actor robot 220 comprises one or more of a stationary actor robot 220 

and a mobile actor robot 220. The actor robot 220 is configured to perform one or more 

of receiving from the server 205 and generating a currently planned path for the actor 

robot 220. For example, the actor robot 220 may be configured to transfer an order 

item 260, 270, 280 between two robots. For example, the actor robot 220 may be 

configured to transfer an order item 260, 270, 280 from the respective inventory robot 
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230, 240, or 250 to one or more of the inventory robot 230, 240, or 250 and the order 

robot 210. As another example, discussed in detail in Figures 7A-7D, the actor robot 

220 may be configured to transfer an order item 260, 270, 280 between a robot and the 

inventory storage. As another example, the actor robot 220 may be configured to 

transfer an order item 260, 270, 280 between two inventory storages. As another 

example, the actor robot 220 may be configured to perform one or more of picking the 

order item 260, 270, 280 from inventory storage, moving the order item 260, 270, 280, 

and positioning the order item 260, 270, 280. The inventory storage may comprise one 

or more of one or more of an inventory robot, a box, a bin, a fixed shelf, a non-fixed 

shelf, a rack, and other inventory storage. 

[0080] For example, a stationary actor robot 220 may comprise one or more arms 

285. For example, one or more of the one or more arms 285 may be mobile. As 

depicted, the arm 285 is mobile. For example, one or more of the one or more arms 

285 may be fixed. For example, one or more of the one or more arms 285 may be 

configured to pick an order item 260, 270, 280. 

[0081] For example, as depicted here, the second inventory robot 240 has the same 

design as the first inventory robot 230. For example, the second inventory robot 240 

has a different design from the first inventory robot 230. For example, as depicted here, 

the third inventory robot 250 has the same design as one or more of the first inventory 

robot 230 and the second inventory robot 240. For example, the third inventory robot 

250 has a different design from the design of one or more of the first inventory robot 230 

and the second inventory robot 240. 
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[0082] One or more of the first inventory robot 230, the second inventory robot 240, 

and the third inventory robot 250 may comprise an inventory robot base. For example, 

an inventory robot may comprise a mobile inventory robot base. As depicted, the first 

inventory robot 230 comprises an inventory robot base 230. As depicted, the second 

inventory robot 240 comprises an inventory robot base 240. As depicted, the third 

inventory robot 250 comprises an inventory robot base 250. For example, one or more 

of the first inventory robot 230, the second inventory robot 240, and the third inventory 

robot 250 may be configured to carry inventory. For example, one or more of the first 

inventory robot 230, the second inventory robot 240, and the third inventory robot 250 

may be configured to carry inventory on top of itself. For example, one or more of the 

first inventory robot 230, the second inventory robot 240, and the third inventory robot 

250 may be configured to carry inventory inside itself. In some embodiments, as shown 

in more detail in Figures 6A-6B, inventory may be contained in inventory storage that 

may comprise, for example, one or more of boxes, bins, shelves, and the like, the 

inventory being given to the order robot. According to alternative embodiments, as 

shown in more detail in Figures 7A-7D, inventory may be picked from more than one 

inventory storage and given to the order robot. According to alternative embodiments, 

as shown in Figures 8A-8F, the order robot loaded with picked order items transports 

itself to a packing station, where packing robots pack the picked order items. For 

example, the packing robot packs the picked order items into boxes to be shipped to the 

customer. 

[0083] Figures 2A-2F depict the system 200 for order fulfillment using robots as used 

in a sequence of events in which the stationary actor robot 220 picks ordered inventory 
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items 260, 270, 280 from the one or more inventory robots 230, 240, 250 and positions 

the ordered inventory items 260, 270, 280 on the order robot 210. The order robot 210 

comprises order storage 282. As shown, the order storage 282 comprises order 

shelves 282. 

[0084] In Figure 2A, the stationary actor robot 220 picks from the order a first order 

item 260 from the first inventory storage 235 comprised in the first inventory robot 230. 

[0085] Alternatively, or additionally, separate inventory storage (not shown) may be 

positioned so as to be available to the stationary actor robot 220 so that it may be used 

for temporary storage of inventory items. For example, the inventory storage may 

comprise one or more of an inventory robot, a box, a bin, a fixed shelf, a non-fixed shelf, 

a rack, and other inventory storage. Figures 6A-6B and 7A-7D provide more detail 

regarding this alternative possibility. 

[0086] In Figure 2B, the stationary actor robot 220 positions the first order item 260 

so as to be accessible the order robot 210. For example, the stationary actor robot 220 

positions the first order item 260 on the order storage 282 comprised in the order robot 

210. For example, the stationary actor robot 220 positions the first order item 260 

inside the order storage 282 comprised in the order robot 210. 

[0087] In Figure 2C, the stationary actor robot 220 picks the second order item 270 

in the order from the second inventory storage 245 comprised in the second inventory 

robot 240. 

[0088] In Figure 2D, the stationary actor robot 220 positions the second order item 

270 so as to be accessible to the order robot 210. For example, the stationary actor 

robot 220 positions the second order item 270 on the order storage 282 comprised in 
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the order robot 210. For example, the stationary actor robot 220 positions the second 

order item 270 inside the order storage 282 comprised in the order robot 210. 

[0089] In Figure 2E, the stationary actor robot 220 picks the third order item 280 in 

an order from the third inventory storage 255 comprised in the third inventory robot 250. 

[0090] In Figure 2F, the stationary actor robot 220 positions the third order item 280 

so as to be accessible to the order robot 210. For example, the stationary actor robot 

220 positions the third item 280 on the order storage 282 comprised in the order robot 

210. For example, the stationary actor robot 220 positions the third order item 280 

inside the order storage 282 comprised in the order robot 210. 

[0091] Typically, although not necessarily, the order robot and actor robot stay near 

each other for more than one loop. For example, inventory robots move from actor 

robot to actor robot delivering inventory items, which the actor robot then brings to the 

order robot. For example, the actor robot stays near the inventory storage after the 

actor robot picks an order item from the inventory storage. For example, after the actor 

robot picks an order item from the inventory storage, the actor robot picks a second 

order item from the inventory storage. 

[0092] For example, a mobile inventory robot moves between at least two actor 

robots. For example, at least one of the actor robots picks an order item from the 

mobile inventory robot. For example, the order robot comprising an order item drives 

itself to a packing station. For example, the order robot positions the order item so as to 

be accessible to the packer robot. Alternatively, or additionally, the packer robot picks 

the order item from the order robot. For example, at the packing station, a packer robot 

packs the order item into a container to be shipped. 
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[0093] For example, the order robot 210 then moves from one stationary actor robot 

220 to another stationary actor robot 220, collecting different order items 260, 270, 280. 

For example, an order may comprise the different order items 260, 270, 280. For 

example, a first order may comprise some of the different order items, and a second 

order may comprise the rest of the order items. For example, a first order may 

comprise first order item 260 and second order item 270, and a second order may 

comprise third order item 280. For example, the different order items 260, 270, 280 

may be distributed across three or more different orders. 

[0094] Figures 3A-3F are a set of pictures that depict a system 300 for order 

fulfillment using one or more robots. The system 300 again includes the server 205. 

[0095] As depicted in Figures 3A-3F, the stationary actor robot 220 is again operably 

connected to the server 205. Inventory storage comprises a conveyor 320 that is 

operably connected with the server 205. The stationary actor robot 220 is positioned at 

the end of the conveyor 320. For example, the conveyor 320 may comprise one or 

more of a conveyor belt 320 and another type of conveyor 320. The stationary actor 

robot 220 picks order items 260, 270, 280 from the conveyor 320. The stationary actor 

robot 220 positions the picked order items 260, 270, 280 so as to be available to the 

order robot 210. Alternatively, or additionally, the stationary actor robot 220 positions 

the picked order items 260, 270, 280 so as to be available to an inventory robot (not 

pictured). 

[0096] Figures 3A-3F depict the system 300 for order fulfillment using robots as used 

in a sequence of events in which the stationary actor robot 220 picks ordered inventory 

310 comprising the first order item 260, the second order item 270, and the third order 
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item 280, from a conveyor 320 and positions the ordered inventory 310 on the order 

robot 210. The depicted stationary actor robot 220 again comprises the stationary robot 

arm 285 mounted on the vertical lift 290 at the inventory storage location 295. 

[0097] In Figure 3A, the stationary actor robot 220 picks a first order item 260 in an 

order from the conveyor 320. Ordered inventory 310 comprises the first order item 260, 

a second order item 270, and a third order item 280. The depicted stationary actor 

robot 220 again comprises a stationary robot arm 285 mounted on a vertical lift 290 at a 

predetermined pick location. 

[0098] Alternatively, or additionally, inventory storage (not shown) may be positioned 

so as to be available to the stationary actor robot 220 so that it may be used for 

temporary storage of the ordered inventory 310. For example, the inventory storage 

may comprise one or more of one or more of an inventory robot, a box, a bin, a fixed 

shelf, a non-fixed shelf, a rack, and other inventory storage. Figures 6A-6B and 7A-7D 

provide more detail regarding inventory storage. 

[0099] In Figure 3B, the stationary actor robot 220 positions the first order item 260 

so as to be accessible the order robot 210. For example, the stationary actor robot 220 

positions the first order item 260 on the order robot 210. For example, the stationary 

actor robot 220 positions the first order item 260 inside the order robot 210. 

[00100] In Figure 3C, the stationary actor robot 220 picks a second order item 270 in 

the order from the conveyor 320. 

[00101] In Figure 3D, the stationary actor robot 220 positions the second order item 

270 so as to be accessible to the order robot 210. For example, the stationary actor 

robot 220 positions the second order item 270 on the order robot 210. For example, the 
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stationary actor robot 220 positions the second order item 270 inside the order robot 

210. 

[00102] In Figure 3E, the stationary actor robot 220 picks a third order item 280 in the 

order from the third inventory robot 250. 

[00103] In Figure 3F, the stationary actor robot 220 positions the third order item 280 

so as to be accessible to the order robot 210. For example, the stationary actor robot 

220 positions the third order item 280 on the order robot 210. For example, the 

stationary actor robot 220 positions the third order item 280 inside the order robot 210. 

[00104] Figures 4A-4B are a set of pictures that depict a system 400 for order 

fulfillment using one or more robots. The system again includes the server 205. The 

first inventory robot 230 again comprises inventory storage 235. As shown, the 

inventory storage 235 comprises one or more inventory shelves 235. 

[00105] Figures 4A-4B depict the system 400 for order fulfillment using robots as used 

in a sequence of events in which a mobile actor robot 410 that is also the mobile order 

robot 410 picks the first order item 260 from the first inventory storage 235 comprised in 

the first inventory robot 230 and positions the first order item 260 so as to be accessible 

to the mobile order robot 410. The mobile actor robot 410 comprises actor storage 415. 

As shown, the actor storage 415 comprises actor shelves 415. 

[00106] For example, one or more mobile actor robots 410 may meet at a pick 

location in an inventory storage location where one or more order items 260, 270, 280 is 

picked by one or more of the one or more mobile actor robots 410. For example, the 

one or more order items 260, 270, 280 may be transferred between a robot and 
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inventory storage. For example, the inventory may be transferred to one or more of a 

robot and inventory storage. An order may thereby be filled. 

[00107] In Figure 4A, the mobile actor robot 410, using a mobile actor robot arm 420, 

picks the first order item 260 in an order from the inventory robot 230. 

[00108] In Figure 4B, the mobile actor robot 410, using the mobile actor robot arm 

420, positions the first order item 260 so as to be accessible to the mobile actor robot 

410. Here the mobile actor robot 410 also effectively acts as the order robot. For 

example, the mobile actor robot 410 positions the first order item 260 on the actor 

storage 415 comprised in the mobile actor robot 410. For example, the mobile actor 

robot 410 positions the first order item 260 inside the actor storage 415 comprised in the 

mobile actor robot 410. The order storage 415 comprises one or more actor shelves 

415. 

[00109] Figures 5A-5B are a set of pictures that depict a system 500 for order 

fulfillment using one or more robots. The system again includes the server 205. 

[00110] Figures 5A-5B depict the system 500 for order fulfillment using robots as used 

in a sequence of events in which a mobile actor robot 410 that is also effectively the 

inventory robot picks the first order item 260 from the mobile actor robot 410 and 

positions the first order item 260 so as to be accessible to the order robot 210. The 

order robot 210 comprises order storage 282. The mobile actor robot 410 comprises 

actor storage 415. As shown, the actor storage 415 comprises actor shelves 415. 

[00111] In Figure 5A, the mobile actor robot 410 picks the first order item 260 in an 

order from the mobile actor robot 410. 
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[00112] In Figure 5B, the mobile actor robot 410 positions the first order item 260 so 

as to be accessible to the order robot 210. Here the mobile actor robot 410 also 

effectively acts as an inventory robot. For example, the mobile actor robot 410 positions 

the first order item 260 on the order storage 282 comprised in the order robot 210. For 

example, the mobile actor robot 410 positions the first order item 260 inside the order 

storage 282 comprised in the order robot 210. 

[00113] Figures 6A-6B are a set of pictures that depict a system 600 for order 

fulfillment using one or more robots. The system again includes the server 205. 

[00114] Figures 6A-6B depict the system 600 for order fulfillment using robots as used 

in a sequence of events in which a mobile actor robot 410 that is also the mobile order 

robot 410 picks the first order item 260 from inventory storage 610 and positions the first 

order item 260 so as to be accessible to the mobile order robot 410. The mobile actor 

robot 410 again comprises actor storage 415. 

[00115] The inventory storage 610 may be positioned so as to be available to the 

mobile actor robot 410 so that it may be used for temporary storage of the ordered 

inventory 310. For example, the inventory storage 610 may comprise one or more of an 

inventory robot 610, a box 610, a bin 610, a fixed shelf 610, a non-fixed shelf 610, a 

rack 610, and other inventory storage 610. As depicted, the inventory storage 610 

comprises the fixed shelf 610. 

[00116] In Figure 6A, the mobile actor robot 410, using a mobile actor robot arm 420, 

picks the first order item 260 in an order from the inventory storage 610. 

[00117] In Figure 6B, the mobile actor robot 410, using the mobile actor robot arm 

420, positions the first order item 260 so as to be accessible to the mobile actor robot 
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410. Here the mobile actor robot 410 also effectively acts as the order robot. For 

example, the mobile actor robot 410 positions the first order item 260 on the actor 

storage 415 comprised in the mobile actor robot 410. For example, the mobile actor 

robot 410 positions the first order item 260 inside the actor storage 415 comprised in the 

mobile actor robot 410. 

[00118] Figures 7A-7D are a set of pictures that depict a system 700 for order 

fulfillment using one or more robots. The system again includes the server 205. 

[00119] Figures 7A-7D depict the system 700 for order fulfillment using robots as 

used in a sequence of events in which the mobile actor robot 410 picks the first order 

item 260 from a first inventory storage 710 and positions the first order item 260 so as to 

be accessible to the order robot 210, then picks the second order item 270 from a 

second inventory storage 720 and positions the second order item 270 so as to be 

accessible to the order robot 210. Alternatively, or additionally, multiple actor robots 

may be involved in the process, so that a first order robot receives the first order item 

260 and a second order robot receives the second order item 270. The order robot 210 

again comprises order storage 282. 

[00120] In Figure 7A, the mobile actor robot 410, using a mobile actor robot arm 420, 

picks the first order item 260 in an order from the first inventory storage 710. 

[00121] In Figure 7B, the mobile actor robot 410, using the mobile actor robot arm 

420, positions the first order item 260 so as to be accessible to the order robot 210. For 

example, the mobile actor robot 410 positions the first order item 260 on the order robot 

210. For example, the mobile actor robot 410 positions the first order item 260 on the 

order storage 282 that is comprised in the order robot 210. 
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[00122] For example, the order robot may then move from one stationary actor robot 

to another stationary actor robot, collecting different order items. For example, an order 

may comprise the different order items. For example, a first order may comprise some 

of the different order items and a second order may comprise the rest of the order 

items. For example, the different order items may be distributed across three or more 

different orders. 

[00123] In Figure 7C, the mobile actor robot 410 picks the second order item 270 in 

an order from the second inventory storage 720. 

[00124] In Figure 7D, the mobile actor robot 410 positions the second order item 270 

so as to be accessible to the order robot 210. For example, the mobile actor robot 410 

positions the second order item 270 on the order robot 210. For example, the mobile 

actor robot 410 positions the second order item 270 on the order storage 282 that is 

comprised in the order robot 210. 

[00125] Figures 8A-8F are a set of pictures that depict an order robot that is loaded 

with picked order items driving itself to a packing station pursuant to a system for order 

fulfillment using one or more robots, where a packer robot packs one or more of the 

order items into boxes to be shipped. 

[00126] In Figure 8A, the order robot 210 comprising one or more picked order items 

drives from a pick location 800 to a packing station 810. For example, as pictured, the 

order robot 210 comprising the first order item 260 and the second order item 270 

drives from the pick location 800 to the packing station 810. 

[00127] In Figure 8B, the order robot 210 comprising the first order item 260 and the 

second order item 270 arrives at the packing station 810. 
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[00128] In Figure 8C, the order robot 210 positions the first order item 260 so as to be 

accessible to a packer robot 830. Alternatively, or additionally, the packer robot 830 

picks the first order item 260 from the order robot 210. 

[00129] In Figure 8D, the packer robot 830 packs the first order item 260 in a first box 

840. 

[00130] In Figure 8E, the order robot 210 positions the second order item 270 so as to 

be accessible to a packer robot 830. Alternatively, or additionally, the packer robot 830 

picks the second order item 270 from the order robot 210. Alternatively, or additionally, 

the packer robot 830 that picks the first order item 260 from the order robot 210 can be 

a first packer robot and the packer robot 830 that picks the second order item 270 from 

the order robot 210 can be a second packer robot. Commonly, but not necessarily, the 

first box 840 and the second box 850 will be the same box. Alternatively, or 

additionally, the packer robot 830 packs the second order item 270 before packing the 

first order item 260. That is, the packer robot 830 is not bound to follow the same 

sequence used during the picking process. 

[00131] In Figure 8F, the packer robot 830 packs the second order item 270 in a 

second box 850. 

[00132] Figure 9 is a flowchart of a method 900 for order fulfillment using robots. The 

order of the steps in the method 900 is not constrained to that shown in Figure 9 or 

described in the following discussion. Several of the steps could occur in a different 

order without affecting the final result. 

[00133] In step 910, a server receives an order. For example, the order comprises 

one or more items. For example, the order comprises an inventory management job. 
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For example, the server receives the order from a customer. For example, the server 

receives the order from an inventory manager. Block 910 then transfers control to block 

920. 

[00134] In step 920, the server selects a task robot to perform a task relating to 

fulfillment of the order. Block 920 then transfers control to block 930. 

[00135] In step 930, the server determines a destination for the task robot. The 

destination is determined so as to enable the task robot to perform its task. Block 930 

then transfers control to block 960. 

[00136] In step 960, the server receives position information from the task robot. 

Block 960 then transfers control to block 970. 

[00137] In step 970, using the position information, the server determines that the task 

robot is positioned so as to be ready to perform the task. Block 970 then transfers 

control to block 980. 

[00138] In block 980, the server transmits one or more of the task and the destination 

to the task robot. Block 980 then transfers control to block 990. 

[00139] In step 990, the server receives from the task robot, a task confirmation 

confirming that the task has been completed. Block 990 then terminates the process. 

[00140] Additional optional steps may be performed after step 920. The server may 

compute a currently planned path for the task robot configured to enable the task robot 

to reach the destination while optimizing criteria of interest. Then the server may 

transmit the currently planned path to the task robot. Alternatively, the task robot 

determines the currently planned path itself without recourse to the server for 

generation of the currently planned path. 
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[00141] Figure 10 is a flowchart of a method 1000 for order fulfillment using robots. 

The order of the steps in the method 1000 is not constrained to that shown in Figure 10 

or described in the following discussion. Several of the steps could occur in a different 

order without affecting the final result. 

[00142] In step 1010, a task robot receives from a server one or more of a selection of 

the task robot and a destination. The task robot again comprises one or more of an 

inventory robot, an order robot, an actor robot, and a packer robot. Block 1010 then 

transfers control to block 1015. 

[00143] In step 1015, the task robot computes a currently planned path configured to 

enable the task robot to reach the destination while optimizing criteria of interest. Block 

1015 then transfers control to block 1020. 

[00144] In step 1020, the task robot executes the currently planned path. Block 1020 

then transfers control to block 1030. 

[00145] In step 1030, the task robot communicates position information to the server. 

Block 1030 then transfers control to block 1040. 

[00146] In step 1035, the task robot determines, using the position information, that 

the task robot is positioned so as to be ready to perform a task relating to fulfillment of 

an order. 

[00147] In step 1040, the task robot receives the task from the server. Block 1040 

then transfers control to block 1050. 

[00148] In step 1050, the task robot performs the task. Block 1050 then transfers 

control to block 1060. 
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[00149] In step 1060, the task robot sends a task confirmation confirming that the task 

has been completed. Block 1060 then terminates the process. 

[00150] According to additional embodiments of the invention, the robots may provide 

logging data to the server. When a robot interacts with an order item, optionally it can 

perform one or more information captures. The robot can then send the one or more 

information captures to the server. The information capture can comprise one or more 

of a camera image, a video, a depth image, a laser measurement, and another 

information capture. 

[00151] A destination may comprise one or more of a destination bin, a destination 

robot, and another destination. 

[00152] The server is configured to track data points comprising one or more of 

inventory items, robots, destinations, and inventory storage. The server is further 

configured to receive a query. 

[00153] The server is further configured to provide an answer to a query. For 

example, the server provides the answer to the query. For example, the query 

comprises a question regarding one or more data points. Queries may be entered by a 

human. Queries may be entered by a robot. Data may be stored indefinitely. 

Alternatively, data may be stored for a predetermined maximum time period, which may 

vary based on inventory item details such as purchase date, type of inventory item, 

buyer, and other inventory item details. For example, data may be stored until a final 

return date has expired, at which point data may not be needed as the seller may at that 

point be free of potential liability for any inventory items that may have been damaged in 

transit to the buyer. 
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[00154] In addition to tracking inventory, robots may also track other inventory items 

in the warehouse, such as forklifts. When a forklift is seen by a robot, the robot may 

transmit its location and other relevant information to the server. Relevant information 

may comprise one or more of forklift condition, dates and times when the forklift was 

used, inventory items that were transported using the forklift, overall forklift usage 

information, and other relevant forklift information. The server may then use the 

software to determine when forklift maintenance may be required. The server may then 

use the software to determine when forklift replacement may be required. 

[00155] Data collected by the robots may comprise sensor data relating to a particular 

inventory storage, for example, a particular warehouse. Sensor data may comprise 

metrics and other sensor data. Metrics relating to a particular inventory storage may 

comprise one or more of a humidity, a percentage of air particulates, a temperature, and 

another metric. The robot may also use the sensor data to monitor the "health" of the 

inventory storage, for example, of the warehouse. If a robot detects conditions differing 

by preset parameters from preset conditions, the robot may alert the server through the 

network. The server may then alert an inventory storage manager. 

[00156] For example, it will be understood by those skilled in the art that software 

used by the system and method for order fulfillment using robots may be located in any 

location in which it may be accessed by the system. It will be further understood by 

those of skill in the art that the number of variations of the network, location of the 

software, interactions of robots and humans, and the like are virtually limitless. It is 

intended, therefore, that the subject matter in the above description shall be interpreted 

as illustrative and shall not be interpreted in a limiting sense. 
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[00157] While the above representative embodiments have been described with 

certain components in exemplary configurations, it will be understood by one of ordinary 

skill in the art that other representative embodiments can be implemented using 

different configurations and/or different components. 

[00158] For example, it will be understood by one of ordinary skill in the art that the 

order of certain steps and certain components can be altered without substantially 

impairing the functioning of the invention. For example, in Figure 1, more than one 

stationary actor robot may do the picking. For example, in Figure 1, more than one 

order robot may receive the picked order items. For example, one or more of the actor 

robot, the order robot, the inventory robot, and the packer robot may be the same. For 

example, the actor robot may be the same as the packer robot, with the order robot 

being a second distinct type of robot and the inventory robot being a third distinct type of 

robot. For example, one robot may communicate position information regarding a 

second robot. 

[00159] The representative embodiments and disclosed subject matter, which have 

been described in detail herein, have been presented by way of example and illustration 

and not by way of limitation. It will be understood by those skilled in the art that various 

changes may be made in the form and details of the described embodiments resulting 

in equivalent embodiments that remain within the scope of the invention. It is intended, 

therefore, that the subject matter in the above description shall be interpreted as 

illustrative and shall not be interpreted in a limiting sense. 
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CLAIMS 

What is claimed is:  

1. A system for order fulfillment using one or more robots, comprising: 

a server configured to receive an order comprising an order item; 

inventory storage operably connected to the server, the inventory storage 

comprising order items; 

an actor robot operably connected to and selected by the server, the actor 

robot configured to perform one or more of picking the order item from inventory 

storage, moving the order item, and positioning the order item; and 

an order robot operably connected to the server, the order robot configured 

to collect the order item, wherein the order item is positioned by the actor robot 

directly on the order robot, so as to perform order fulfillment using one or more 

robots; 

wherein using position information from at least one robot, the server 

generates a currently planned path while optimizing criteria of interest and 

transmits the currently planned path to the robot. 

2. The system of claim 1, wherein the inventory storage comprises one or more of an 

inventory robot, a box, a bin, a fixed shelf, a non-fixed shelf, a rack, a conveyor, a 

warehouse, another inventory storage location, and other inventory storage. 

3. The system of claim 1, wherein the inventory storage comprises an inventory robot. 
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4. The system of claim 3, wherein the inventory robot is mobile. 

5. The system of claim 1, wherein the actor robot is configured to pick and move the 

order item. 

6. The system of claim 1, wherein the actor robot is stationary. 

7. The system of claim 1, wherein the actor robot is mobile. 

8. The system of claim 6, wherein the stationary actor robot comprises one or more 

arms. 

9. The system of claim 6, wherein at least one order robot is configured to move from 

a first stationary actor robot to a second stationary actor robot, picking at least two order 

items. 

10. The system of claim 7, wherein the actor robot receives from the server a currently 

planned path or the actor robot generates a currently planned path for itself. 

11. The system of claim 1, further comprising a packer robot configured to pack an 

order item into a container to be shipped. 
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12. The system of claim 11, wherein the order robot is configured to position the order 

item so as to be accessible to the packer robot. 

13. The system of claim 1, wherein the server communicates wirelessly with at least 

one of the actor robot, the order robot, and the inventory storage. 

14. The system of claim 2, wherein the inventory robot is configured to perform one or 

more of carrying inventory on top of itself and carrying inventory inside itself. 

15. The system of claim 1, wherein at least one of the actor robots is configured to 

transfer inventory from one or more of a robot and inventory storage to one or more of a 

robot and inventory storage. 

16. The system of claim 1, wherein the actor robot stays near the inventory storage 

after the actor robot picks an order item from the inventory storage. 

17. The system of claim 16, wherein, after the actor robot picks the order item from the 

inventory storage, the actor robot picks a second order item from the inventory storage. 

18. The system of claim 4, wherein the mobile inventory robot moves between at least 

two actor robots. 

19. The system of claim 18, wherein at least one of the actor robots picks an order 

item from the mobile inventory robot. 
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20.  The system of claim 1, wherein the order robot comprising an order item drives 

itself to a packing station. 

21.  The system of claim 20, wherein at the packing station, a packer robot packs the 

order item into a container to be shipped. 

22.  A system for order fulfillment using one or more robots, comprising: 

a server configured to receive an order comprising an order item; 

an inventory robot operably connected to the server, the inventory robot 

comprising order items; 

an actor robot operably connected to and selected by the server, the actor 

robot configured to perform one or more of receiving from the server and 

generating a currently planned path for the actor robot, the actor robot further 

configured to perform one or more of picking the order item, moving the order item, 

and positioning the order item; and 

an order robot operably connected to the server, the order robot configured 

to collect the order item, wherein the order item is positioned by the actor robot 

directly on the order robot, so as to perform order fulfillment using one or more 

robots; 

wherein using the position information from at least one robot, the server 

generates a currently planned path while optimizing criteria of interest and 

transmits the currently planned path to the robot. 
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23. The system of claim 22, wherein the actor robot communicates one or more of 

its past position, its present position, its future position, and position information affecting 

its currently planned path. 

24. The system of claim 23, wherein the actor robot communicates position 

information affecting its currently planned path comprising position information regarding 

an obstacle affecting its currently planned path. 

25. The system of claim 24, wherein the actor robot communicates position 

information regarding an obstacle preventing timely and cost-effective execution of the 

currently planned path. 

26. The system of claim 24, wherein the actor robot communicates position 

information regarding an obstacle blocking the current planned path. 

27. A method for order fulfillment using robots, comprising: 

receiving, by a server, an order comprising an order item; 

computing, by the server, a currently planned path configured to enable a task 

robot to reach a destination while optimizing criteria of interest; 

transmitting, by the server, the currently planned path to the task robot 

selecting, by the server, the task robot to perform a task relating to fulfillment 

of the order; 
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determining, by the server, the destination for the task robot; 

receiving, by the server, position information from the task robot; 

determining, by the server, using the position information, that the task robot is 

positioned so as to be ready to perform the task; 

transmitting, by the server, one or more of the task and the destination to the 

task robot; 

positioning the order item, by the task robot, directly on an order robot 

configured to collect the order item, so as to perform order fulfillment using one or more 

robots; and 

receiving, by the server, from the task robot, a task confirmation confirming that 

the task has been completed. 

28. The method of claim 27, wherein the task robot comprises one or more of an 

inventory robot, an actor robot, an order robot, and a packer robot. 

29. The method of claim 28, wherein the task robot comprises an inventory robot 

configured to perform one or more of picking and moving the order item. 

30. The method of claim 28, wherein the task robot comprises an actor robot 

configured to perform one or more of picking the order item, moving the order item, and 

positioning the order item. 

31. The method of claim 28, wherein the task robot comprises a packer robot configured 

to pack an order item into a container to be shipped. 
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32. The method of claim 28, wherein the step of computing comprises computing 

an optimal path. 

33. The method of claim 28, wherein the step of computing comprises computing 

one or more of a time optimal path and a cost optimal path. 

34. The method of claim 28, wherein the server distributes one or more of the steps 

in the method among more than one task robot. 

35. The method of claim 34, wherein the step of computing comprises computing 

a currently planned path configured to enable the task robot to reach a destination while 

optimizing criteria of interest. 

36. The method of claim 35, wherein the step of computing comprises computing 

a currently planned path configured to enable the task robot to reach the destination while 

optimizing one or more of the expense of the currently planned path and the time required 

to execute the currently planned path. 

37. The method of claim 36, wherein the step of computing comprises computing 

a currently planned path configured to enable the task robot to reach the destination while 

minimizing one or more of the expense of the currently planned path and the time required 

to execute the currently planned path. 
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38. The method of claim 35, wherein the step of computing comprises computing 

the currently planned path assuming an obstacle-free path to the destination. 

39. The method of claim 35, wherein the step of computing comprises computing 

the currently planned path assuming a path to the destination that is obstacle-free apart 

from one or more known obstacles. 

40. The method of claim 27, wherein the step of transmitting the task comprises 

transmitting a pick order. 

41. The method of claim 27, wherein the step of receiving the task confirmation 

comprises receiving a pick confirmation confirming that the ordered items have been 

picked. 

42. A method for order fulfillment using robots, comprising: 

receiving, by a task robot, from a server, one or more of a selection of the task 

robot and a destination; 

computing, by the task robot, a currently planned path configured to enable the 

task robot to reach the destination while optimizing criteria of interest; 

executing, by the task robot, the currently planned path; 

communicating position information, by the task robot, to the server; 
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determining, by the task robot, using the position information, that the task robot 

is positioned so as to be ready to perform a task relating to fulfillment of an order; 

receiving, by the task robot, from the server, the task; 

performing the task, by the task robot; 

positioning the order item, by the task robot, directly on an order robot 

configured to collect the order item, so as to perform order fulfillment using one or more 

robots; and 

sending, to the server, by the task robot, a task confirmation confirmed that the 

task has been completed. 

43. The method of claim 42, wherein the task robot comprises one or more of an 

inventory robot, an actor robot, an order robot, and a packer robot. 

44. The method of claim 42, wherein the task robot comprises an inventory robot 

configured to perform one or more of picking and moving the order item. 

45. The method of claim 42, wherein the task robot comprises an actor robot 

configured to perform one or more of picking the order item, moving the order item, and 

positioning the order item. 

46. The method of claim 42, wherein the task robot comprises a packer robot configured 

to pack an order item into a container to be shipped. 
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47. The method of claim 42, wherein the step of performing comprises picking an 

order item. 

48. The method of claim 47, wherein the step of performing comprises picking the 

order item from an inventory storage. 

49. The method of claim 42, wherein the step of performing comprises packing an 

order item. 

50. The method of claim 49, wherein the step of packing is performed by a 

packing robot. 

51. The method of claim 49, wherein the step of performing further comprises 

shipping one or more of the one or more items. 

52. The method of claim 42, wherein the method further comprises a step of 

receiving the currently planned path configured to enable the task robot to reach a 

destination while optimizing criteria of interest. 

53. The method of claim 42, wherein the step of receiving the task comprises 

receiving a pick order. 
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54. The method of claim 53, wherein the step of sending comprises sending a 

pick confirmation confirming that the ordered items have been picked. 

55. The method of claim 42, wherein the step of communicating comprises 

communicating one or more of a past robot position, a present robot position, a future 

robot position, and position information regarding an obstacle affecting the currently 

planned path. 

V 
56. The method of claim 55, wherein the step of communicating comprises 

communicating position information regarding an obstacle blocking the current planned 

path. 

57. A method for order fulfillment using robots, comprising: 

receiving, by a server, an order comprising an order item; 

selecting, by the server, a task robot to perform a task relating to fulfillment of 

the order; 

receiving, by the task robot, from the server, the selection of the task robot; 

determining, by the server, a destination for the task robot; 

computing, by one or more of the server and the task robot, a currently planned 

path for the task robot configured to enable the task robot to reach the destination while 

optimizing criteria of interest; 

transmitting, by the server, the currently planned path to the task robot; 

receiving, by the task robot, from the server, the currently planned path; 

executing, by the task robot, the currently planned path; 
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communicating position information, by the task robot, to the server; 

receiving, by the server, position information from the task robot; 

determining, by one or more of the server and the task robot, using the position 

information, that the task robot is positioned so as to be ready to perform the task; 

transmitting, by the server, the task to the task robot; 

receiving the task, by the task robot, from the server; 

performing the task, by the task robot; 

sending, to the server, by the task robot, a task confirmation confirmed that the 

task has been completed; 

positioning the order item, by the task robot, directly on an order robot 

configured to collect the order item, so as to perform order fulfillment using one or more 

robots; 

receiving, by the server, from the task robot, the task confirmation; 

and determining, by the server, that the task robot is not to be sent to another 

destination. 


