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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR DESIGN PATENT APPLICATION

As the below named inventor(s), I/we declare that:
1) This declaration and assignment are directed to:

Title of SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED
Invention INVENTORY PICKING AND FULFILLMENT

The specification of which is attached hereto, OR
[ ] United States application or PCT international application number:
filed on
[] Asamended on (if applicable);

(I/We hereby authorize and request the Company or its designated attorneys, representatives or agents to insert above
the title, application number and filing date of the application, or any other information herein, when known.)

2) The above-identified application was made or authorized to be made by me/us.

3) I/We believe that /we are the original and/or joint inventors of a claimed invention in the
application.

4) I/We hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. §1001 by fine or imprisonment of not more than five (5) years, or both.

5) I/We have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment referred to above.

6) I/We acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in-part applications, material
information which becomes available between the filing date of the prior application and the filing
date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Office

X If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided
to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR DESIGN PATENT APPLICATION

As the below named inventor(s), I/we declare that:
1) This declaration and assignment are directed to:

Title of SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED
Invention INVENTORY PICKING AND FULFILLMENT

The specification of which is attached hereto, OR
[] United States application or PCT international application nrhar:

filed on

[] Asamendedon (if applicable);

(I/We hercby authorize and request the Company or its designated attorneys, representatives or agents to insert above
the title, application number and filing date of the application, or any other information herein, when known.)

2) The above-identified application was made or authorized to be made by me/us.

3) I/We believe that I/we are the original and/or joint inventors of a claimed invention in the
application.

4) I/We hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. §1001 by fine or imprisonment of not more than five (5) years, or both.

5) I/We have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment referred to above.

6) I/We acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in-part applications, material
information which becomes available between the filing date of the prior application and the filing
date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Office

4 If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided
to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR DESIGN PATENT APPLICATION

As the below named inventor(s), I/we declare that:
1) This declaration and assignment are directed to:

Title of SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED
Invention  INVENTORY PICKING AND FULFILLMENT

The specification of which is attached hereto; OR
[ ] United States application or PCT international application number:
filed on
[[] Asamended on (if applicable);

(I/We hereby authorize and request the Company or its designated attorneys, representatives or agents to insert above
the title, application number and filing date of the application, or any other information herein, when known.)

2) The above-identified application was made or authorized to be made by me/us.

3) I/We believe that I/we are the original and/or joint inventors of a claimed invention in the application.

4) I/We hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. §1001 by fine or imprisonment of not more than five (5) years, or both.

5) I/We have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment referred to above.

6) I/We acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in-part applications, material
information which becomes available between the filing date of the prior application and the filing
date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Office

<] If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided
to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR DESIGN PATENT APPLICATION

As the below named inventor(s), I/we declare that:
1) This declaration and assignment are directed to:

Title of SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED
Invention INVENTORY PICKING AND FULFILLMENT

The specification of which is attached hereto, OR
[] United States application or PCT international application number:
filed on
[] Asamended on (if applicable);

(I/We hercby authorize and request the Company or its designated attorneys, representatives or agents to insert above
the title, application number and filing date of the application, or any other information herein, when known.)

2) The above-identified application was made or authorized to be made by me/us.

3) I/We believe that I/we are the original and/or joint inventors of a claimed invention in the
application.

4) I/We hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. §1001 by fine or imprisonment of not more than five (5) years, or both.

5) I/We have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment referred to above.

6) I/We acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in-part applications, material
information which becomes available between the filing date of the prior application and the filing
date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Office

4 If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(¢c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided
to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

OATH:
I/'We do hereby declare that all statements made herein of my/our own knowledge are true and

that all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:
Whereas, I/'we have invented certain new and useful improvements in the Invention identified

above and described in the above-identified patent application(s) and/or patent(s) (hereinafter referred to
as “Invention”); and,

Whereas I/'we desire to assign my above-identified rights, title and interest in the Invention to the
Assignee identified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, I/we,

Inventor(s) (assignor(s))

Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,

Sumit Kumar Tiwary
Uttar Pradesh ,273014, India (IN)

Sarbajit Das 8/1b, Naktala Road, Kolkata 700047, India (IN)

502, Sector 15, Part 1, Gurgaon, Haryana,
122001, India (IN)

Amit Sharma

Jale Singh Yadav 287, ward no 8, Gordhanpura, kotputli-behror, RAJ,
303108, India (IN)

do hereby assign, sell and transfer to:

Assignee

Name of Company Address

2|Page ZIBEGLER IP Law Group LLC




DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

OATH:
I/'We do hereby declare that all statements made herein of my/our own knowledge are true and

that all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:
Whereas, I/'we have invented certain new and useful improvements in the Invention identified

above and described in the above-identified patent application(s) and/or patent(s) (hereinafter referred to
as “Invention”); and,

Whereas I/'we desire to assign my above-identified rights, title and interest in the Invention to the
Assignee identified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, I/we,

Inventor(s) (assignor(s))

Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,

Sumit Kumar Tiwary
Uttar Pradesh ,273014, India (IN)

Sarbajit Das 8/1b, Naktala Road, Kolkata 700047, India (IN)

502, Sector 15, Part 1, Gurgaon, Haryana,
122001, India (IN)

Amit Sharma

Jale Singh Yadav 287, ward no 8, Gordhanpura, kotputli-behror, RAJ,
303108, India (IN)

do hereby assign, sell and transfer to:

Assignee

Name of Company Address
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DocuSign Envelope ID: COE7D511-49C7-4314-8E6D-B91CDOSFBF87

Attomey Docket No.
Patent

OATH:
I/'We do hereby declare that all statements made herein of my/our own knowledge are true and

that all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:
Whereas, I/'we have invented certain new and useful improvements in the Invention identified

above and described in the above-identified patent application(s) and/or patent(s) (hereinafter referred to
as “Invention”); and,

Whereas I/'we desire to assign my above-identified rights, title and interest in the Invention to the
Assignee identified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, I/we,

Inventor(s) (assignor(s))
Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,
Uttar Pradesh, 273014, India (IN)

Sarbajit Das 8/1b, Naktala Road, Kolkata 700047, India (IN)
502, Sector 15, Part 1, Gurgaon, Haryana,

122001, India (IN)

Sumit Kumar Tiwary

Amit Sharma

287, ward no 8, Gordhanpura, kotputli-behror, RAJ,

Jale Singh Yad
ale Singh Yadav 303108, India (IN)

do hereby assign, sell and transfer to:

Assignee

Name of Company Address
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Attomey Docket No.
Patent

OATH:
I/'We do hereby declare that all statements made herein of my/our own knowledge are true and

that all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:
Whereas, I/'we have invented certain new and useful improvements in the Invention identified

above and described in the above-identified patent application(s) and/or patent(s) (hereinafter referred to
as “Invention”); and,

Whereas I/'we desire to assign my above-identified rights, title and interest in the Invention to the
Assignee identified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, I/we,

Inventor(s) (assignor(s))

Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,

Sumit Kumar Tiwary
Uttar Pradesh ,273014, India (IN)

Sarbajit Das 8/1b, Naktala Road, Kolkata 700047, India (IN)

502, Sector 15, Part 1, Gurgaon, Haryana,
122001, India (IN)

Amit Sharma

Jale Singh Yadav 287, ward no 8, Gordhanpura, kotputli-behror, RAJ,
303108, India (IN)

do hereby assign, sell and transfer to:

Assignee

Name of Company Address
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Attomey Docket No.
Patent

Northmeadow Business Park, 660 Hembree Park

Grey Orange Inc. Drive,Suite 120, Roswell, Georgia-30076, US

herein referred to as the “Company”, its successors and assigns, my entire rights, titles and
interests in and to the Invention and improvements made or conceived by me/us described the
application(s) listed above and in the following table:

Type of Application

Filing Number Filing Date Title

Country

(We hereby authorize and request the Company or its delegated attorneys, representatives or agents to insert above the
relevant application number, filing date and other information required herein, when known.)

and any and all applications for patent or patents therefrom in any and all countries, including all
divisions, continuations, and continuations-in-part, reexaminations, reissues and renewals thereof, and
all benefits, rights of priority resulting from the filing of the application(s), and any and all Letters
Patent of the United States, and countries foreign thereto, which may be granted or have granted for the
Invention, and other benefits accruing or to accrue to us with respect to the filing of applications for
patents or securing of patents in the United States and countries foreign thereto, unto the Company;

and I/we hereby authorize and request the Director of the United States Patent and Trademark
Office to issue any United States Letters Patent which may issue for the Invention to the Company, as
assignee of the whole right, title and interest thereto;

and I/we further agree to, without any further consideration, communicate to the Company or its

representatives or nominees any facts known to me/us respecting the Invention and improvements and
testify in any legal proceeding, make all rightful oaths, sign and execute all necessary and lawful future
documents required or requested for the making and prosecution of any applications of any type for
patent, utility model, or other similar rights in all countries including but not limited to, any provisional,
non-provisional, continuation, continuation-in-part, divisional, renewal or substitute thereof, for any
derivation proceedings relating thereto, and, as to any patents that issue from such applications, for any
supplemental examination, derivation proceeding, opposition, post grant review, reissue, re-
examination, inter partes review, or extension thereof, and generally do everything possible to aid the
Company, its successors, assigns and nominees, to obtain and enforce proper patent protection for the
Invention and its improvements in all countries.
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Attomey Docket No.
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Northmeadow Business Park, 660 Hembree Park

Grey Orange Inc. Drive,Suite 120, Roswell, Georgia-30076, US

herein referred to as the “Company”, its successors and assigns, my entire rights, titles and
interests in and to the Invention and improvements made or conceived by me/us described the
application(s) listed above and in the following table:

Type of Application

Filing Number Filing Date Title

Country

(We hereby authorize and request the Company or its delegated attorneys, representatives or agents to insert above the
relevant application number, filing date and other information required herein, when known.)

and any and all applications for patent or patents therefrom in any and all countries, including all
divisions, continuations, and continuations-in-part, reexaminations, reissues and renewals thereof, and
all benefits, rights of priority resulting from the filing of the application(s), and any and all Letters
Patent of the United States, and countries foreign thereto, which may be granted or have granted for the
Invention, and other benefits accruing or to accrue to us with respect to the filing of applications for
patents or securing of patents in the United States and countries foreign thereto, unto the Company;

and I/we hereby authorize and request the Director of the United States Patent and Trademark
Office to issue any United States Letters Patent which may issue for the Invention to the Company, as
assignee of the whole right, title and interest thereto;

and I/we further agree to, without any further consideration, communicate to the Company or its

representatives or nominees any facts known to me/us respecting the Invention and improvements and
testify in any legal proceeding, make all rightful oaths, sign and execute all necessary and lawful future
documents required or requested for the making and prosecution of any applications of any type for
patent, utility model, or other similar rights in all countries including but not limited to, any provisional,
non-provisional, continuation, continuation-in-part, divisional, renewal or substitute thereof, for any
derivation proceedings relating thereto, and, as to any patents that issue from such applications, for any
supplemental examination, derivation proceeding, opposition, post grant review, reissue, re-
examination, inter partes review, or extension thereof, and generally do everything possible to aid the
Company, its successors, assigns and nominees, to obtain and enforce proper patent protection for the
Invention and its improvements in all countries.
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Northmeadow Business Park, 660 Hembree Park

Grey Orange Inc. Drive, Suite 120, Roswell, Georgia-30076, US

herein referred to as the “Company”, its successors and assigns, my entire rights, titles and
interests in and to the Invention and improvements made or conceived by me/us described the
application(s) listed above and in the following table:

Type of Application

Filing Number Filing Date Title

Country

(We hereby authorize and request the Company or its delegated attorneys, representatives or agents to insert above the
relevant application number, filing date and other information required herein, when known.)

and any and all applications for patent or patents therefrom in any and all countries, including all
divisions, continuations, and continuations-in-part, reexaminations, reissues and renewals thereof, and
all benefits, rights of priority resulting from the filing of the application(s), and any and all Letters
Patent of the United States, and countries foreign thereto, which may be granted or have granted for the
Invention, and other benefits accruing or to accrue to us with respect to the filing of applications for
patents or securing of patents in the United States and countries foreign thereto, unto the Company;

and I/we hereby authorize and request the Director of the United States Patent and Trademark
Office to issue any United States Letters Patent which may issue for the Invention to the Company, as
assignee of the whole right, title and interest thereto;

and I/we further agree to, without any further consideration, communicate to the Company or its

representatives or nominees any facts known to me/us respecting the Invention and improvements and
testify in any legal proceeding, make all rightful oaths, sign and execute all necessary and lawful future
documents required or requested for the making and prosecution of any applications of any type for
patent, utility model, or other similar rights in all countries including but not limited to, any provisional,
non-provisional, continuation, continuation-in-part, divisional, renewal or substitute thereof, for any
derivation proceedings relating thereto, and, as to any patents that issue from such applications, for any
supplemental examination, derivation proceeding, opposition, post grant review, reissue, re- examination,
inter partes review, or extension thereof, and generally do everything possible to aid the Company, its
successors, assigns and nominees, to obtain and enforce proper patent protection for the Invention and
its improvements in all countries.
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SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED

INVENTORY PICKING AND FULFILLMENT

CROSS-REFERENCE TO RELATED APPLICATIONS/INCORPORATION BY

REFERENCE
[01] None.
FIELD
[02] Various embodiments of the disclosure relate to warehouse automation technology.

More specifically, various embodiments of the disclosure relate to a system and a method of

warehouse orchestration for inventory picking and fulfillment.

BACKGROUND

[03] Advancements in warehouse management automation technologies have pushed the
development of warehouse management systems for automated inventory picking, fulfilling
orders, sortation, and putting away different types of inventory items for multi-line orders in a
warehouse. However, many warehouse management systems still rely on manual processes,
which are time-consuming, labor-intensive, and prone to errors. As warehouses grow in size,
the volume of orders increases, along with the complexity of managing warehouse operations,
which includes tracking inventory levels, processing orders, and locating goods. Additionally,
existing warehouse management systems are not adequately equipped to address issues related
to real-time demand and pick capacity variations, leading to bottlenecks and reduced

operational efficiency.

[04] Further limitations and disadvantages of conventional and traditional approaches

will become apparent to one of skill in the art, through the comparison of described systems



with some aspects of the present disclosure, as set forth in the remainder of the present

application and with reference to the drawings.

SUMMARY

[05] A system and a method for warehouse orchestration for inventory picking and
fulfillment, substantially as shown in, and/or described in connection with, at least one of the

figures, as set forth more completely in the claims.

[06] These and other features and advantages of the present disclosure may be
appreciated from a review of the following detailed description of the present disclosure, along
with the accompanying figures in which like reference numerals refer to like parts throughout.
BRIEF DESCRIPTION OF THE DRAWINGS

[07] FIG. 1A is a block diagram illustrating a system for warehouse orchestration for
inventory picking and fulfillment, in accordance with another embodiment of the present
disclosure;

[08] FIG. 1B is a block diagram that illustrates various exemplary components of a
system, in accordance with an embodiment of the present disclosure;

[09] FIG. 2 is a diagram that illustrates a warehouse including a plurality of operators
and a plurality of virtual pick zones, in accordance with an embodiment of the present
disclosure;

[010] FIG. 3 is a diagram that depicts an exemplary user interface (UI) of a wearable
device illustrating real-time or near real-time interaction of an operator with a controller of a
system warehouse orchestration for inventory picking and fulfillment, in accordance with an

embodiment of the present disclosure;



[011] FIG. 4A and FIG. 4B illustrates an autonomous mobile robot equipped with a user
interface (UI) screen and control mechanisms, in accordance with an embodiment of the
present disclosure;
[012] FIGs. 5A, 5B, and 5C are diagrams that illustrate a process of layering and
palletization in a warehouse management system for optimized inventory picking and
fulfillment, in accordance with an embodiment of the present disclosure;
[013] FIGs. 6A, 6B, and 6C are diagrams that illustrate different configurations of items
loaded on an autonomous mobile robot based on center of mass, in accordance with an
embodiment of the present disclosure; and
[014] FIG. 7 is a flowchart of a method of warehouse orchestration for inventory picking
and fulfillment, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION
[015] The following described implementations may be found in a disclosed system and
method for warehouse orchestration for inventory picking and fulfillment. The disclosed
system provides a solution to optimize warehouse orchestration operations, specifically
focusing on inventory picking and fulfillment processes based on real-time or near real-time
demand and capacity, guidance for operators via wearable devices, and optimization of pallet
loading patterns based on specified criteria. Moreover, the disclosed system enhances
operational efficiency by minimizing travel distances, balancing workloads, and improving
overall throughput in warehouse environments. Additionally, the disclosed system enhances
the productivity of the warehouses by enabling hands-free operation, fitting into existing
infrastructure, and reducing cycle times through optimized real-time order allocation,

autonomous robot coordination, and efficient operator guidance.



[016] In the following description, reference is made to the accompanying drawings,
which form a part hereof, and which are shown, by way of illustration, various embodiments

of the present disclosure.

[017] FIG. 1A is a block diagram illustrating a system for warehouse orchestration for
inventory picking and fulfillment, in accordance with another embodiment of the present
disclosure. With reference to FIG. 1A, there is shown a block diagram 100A of a system 102
of warehouse management for warehouse orchestration for inventory picking and fulfillment
that includes a controller 104, a warehouse management system 106, a communication network

108, and a warehouse 110.

[018] The system 102 for warehouse orchestration system incorporates the plurality of
autonomous mobile robots with extended pallet capabilities that allows each of the plurality of
autonomous mobile robots to carry up to the plurality of inventory items (e.g., the plurality of
inventory items up to 2200 pounds) and can operate for approximately nine hours on a single
battery charge. The wearable devices that are worn by each of the plurality of operators are
efficient for item tracking. The system 102 further employs a detailed operational flow, starting
with operator login including server checks for logged-in operators and fulfillable missions to
balance workload across zones. Furthermore, the task assignment logic is used to provide a
configurable estimated time of arrival (ETA) and distance thresholds, with special handling for
the plurality of autonomous mobile robots. The system 102 is configured to handle exceptions
such as out-of-stock situations. Task allocation is optimized using detailed cost factors
including the bot distance cost, picking cost, operator travel cost within zones, and overall zone
current cost, with specific formulas for each. These enhancements result in significant
productivity increases, enable hands-free operation, seamlessly integrate with existing

infrastructure, and reduce overall cycle times in the warehouse 110.



[019] The controller 104 refers to a computational element (or a warehouse execution
system), which is configured to receive an order information from the warehouse management
system 106 and execute the domain-specific functions, such as workflow orchestration,
resource allocation and optimization, order processing, multi-agent orchestration, inventory
orchestration, task allocation, order distribution, fulfillment of business logic, workforce
forecasting, real-time visualization and analytics, and the like. The controller 104 may refer to
one or more individual controllers, processing devices, and various elements associated with a
processing device that may be shared by other processing devices. In an implementation, the
controller 104 (or the warehouse execution system) is located outside the warehouse
management system 106 and integrated with an application programming interface (API).
Examples of the controller 104 may include but are not limited to, a hardware processor, a
digital signal processor (DSP), a microprocessor, a microcontroller, a complex instruction set
computing (CISC) processor, an application-specific integrated circuit (ASIC) processor, a
reduced instruction set (RISC) processor, a very long instruction word (VLIW) processor, a
state machine, a data processing unit, a graphics processing unit (GPU), and other processors

or control circuitry.

[020] The warehouse management system 106 is configured to supervise and coordinate
different tasks within the warehouse 110, such as inventory management at the warehouse
level, work forecasting, applying business logic, and the like. In an implementation, the
warehouse management system 106 is a specialized system configured to handle multiple

functionalities involved in the day-to-day operations of the warehouse 110.

[021] The communication network 108 includes a medium (e.g., a communication
channel) through which the controller 104 (or the warehouse execution system) communicates

with the different components of the warehouse 110. The communication network 108 may be



wired or wireless. Examples of the communication network 108 may include, but are not
limited to, Internet, a Local Area Network (LAN), a wireless personal area network (WPAN),
a Wireless Local Area Network (WLAN), a wireless wide area network (WWAN), a cloud
network, a Long-Term Evolution (LTE) network, a Metropolitan Area Network (MAN), and/or

the Internet.

[022] The warehouse 110 refers to a facility where the outlined operations, such as order
processing, inventory management, and automation integration, take place. Furthermore, the
warehouse 110 is configured to receive, store, and distribute a plurality of inventory items. The
warehouse 110 includes a plurality of virtual pick zones, such as a first virtual pick zone 112A
up to a nth virtual pick zone 112N, and a plurality of operators, such as a first operator 116A
up to nth operator 116N along with wearable devices worn by the plurality of operators. For
example, the first operator 116A wears the first wearable device 118A. Similarly, the nth
operator 116N wears the nth wearable device 118N. Furthermore, the warehouse 110 includes
a plurality of autonomous robots, such as the first autonomous mobile robot 114A, a second

autonomous mobile robot 114B, up to nth autonomous mobile robot 114N.

[023] There is provided the system 102 of warehouse orchestration for inventory picking
and fulfillment. The system 102 is configured to provide a real-time or near real-time order
processing and distribution with efficient allocation and management of orders across the
plurality of virtual pick zones. Furthermore, the system 102 is configured to establish an
improved and reliable coordination of the plurality of autonomous mobile robots and human
operators to enhance the operational efficiency of the warehouse 110 along with safe and

efficient stacking.

[024] In operation, the system 102 includes the controller 104 configured to receive order

information from the warehouse management system (WMS) 106. The order information
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received by the controller 104 from the warehouse management system 106 should include
information associated with the order, such as order ID, customer information, product details,
quantity, inventory location, priority level, delivery date, handling instructions, and the like.
The controller 104 is configured to receive the order information from the warehouse
management system 106 in order to ensure that the plurality of orders that are to be fulfilled

through the warehouse 110 can be fulfilled accurately and efficiently.

[025] Furthermore, the controller 104 is configured to allocate and distribute a plurality
of orders across the plurality of virtual pick zones in the warehouse 110 based on real-time or
near real-time demand and pick capacity and the received order information. The controller
104 is configured to use real-time or near real-time demand data, pick capacity, and the
received order information to dynamically allocate and distribute orders to different virtual
pick zones within the warehouse 110. For example, the controller 104 is configured to allocate
and distribute the plurality of orders to the first virtual pick zone 112A in the warehouse 110.
Similarly, the controller 104 is configured to allocate and distribute the plurality of orders
across the Nth virtual pick zone 112N. In an implementation, the controller 104 is configured
to group orders altogether in order to provide the minimum number of consecutive aisles to
travel to ensure picker productivity improvement. As a result, the controller 104 is configured
to optimize the workflow, reducing bottlenecks, and improving the overall operational

efficiency of the warehouse.

[026] Furthermore, the controller 104 is configured to cause the first autonomous mobile
robot 114A from the plurality of plurality of autonomous mobile robots to move to the first
virtual pick zone 112A of the plurality of virtual pick zones. The controller 104 is configured
to send instructions to the first autonomous mobile robot 114A from the plurality of

autonomous robots to navigate to the first virtual pick zone 112A. Moreover, such instructions



are based on real-time data and the overall distribution of tasks across the warehouse 110. The
system 102 is configured to utilize sensors, location data, and pre-defined pathways within the
warehouse 110 to accurately guide the plurality of autonomous mobile robots, such as the first
autonomous mobile robot 114A, the second autonomous mobile robot 114B, and the like to the
designated virtual pick zones. As a result, the controller 104 is configured to assign the right
autonomous mobile robot to the correct virtual pick zone to efficiently carry out the picking
tasks. Moreover, such coordination is essential for optimizing the workflow within the

warehouse 110 thereby ensuring that the picking process is streamlined and efficient.

[027] Furthermore, the controller 104 is configured to communicate guidance instructions
to the first wearable device 118 A worn by the first operator 116A to guide the first operator
116A to be available at the first virtual pick zone 112A. The guidance instruction refers to a
set of directions or commands communicated to the wearable device worn by each of the
operators from the plurality of operators of the warehouse 110. For example, the guidance
information is communicated to the first wearable device 118A worn by the first operator
116A, and to the second wearable device worn by the second operator 116B. In an
implementation, the guidance instruction refers to an instruction that is used to perform a
specific task or reach a particular location, such as location information, task details, timing
data, and the like. The controller 104 is configured to send guidance instructions to the first
wearable device 118A, which is worn by the first operator 116A.. In addition, the controller 104
is configured to provide operator management as well as prevent supervision overheads. As a
result, the controller 104 is configured to ensure that the first operator 116A is in the correct
location to assist with inventory picking, thus facilitating efficient collaboration between
autonomous robots and human operators, such as between the first operator 116A and the first

autonomous mobile robot 114A.



[028] In accordance with an embodiment, the guidance instruction includes an expected
time of arrival of the first autonomous mobile robot 114A to the first virtual pick zone 112A
and a location of arrival of the first autonomous mobile robot 114A to the first virtual pick zone
112A. The controller 104 is configured to determine the expected time of arrival and the exact
location between the plurality of virtual pick zones and the plurality of autonomous mobile
robots. For example, the controller 104 is configured to determine the time of arrival of the
first autonomous mobile robot 114A to the first virtual pick zone 112A and the location of the
arrival of the first autonomous mobile robot 114A in the first virtual pick zone 112A so that
the operator, such as the first operator 116A can be instructed to be at the first virtual pick zone
before the arrival of the first autonomous mobile robot 114A, such as by communicating the
guidance instruction to the first wearable device 118A worn by the first operator 116A.
Moreover, the inclusion of the expected time of arrival and precise location in the guidance
instructions ensures that the operator is prepared and in position when the first autonomous
mobile robot 114A arrives thereby minimizing the waiting time and enhancing coordination
between the operators (i.e., the first operator 116A) and the autonomous mobile robot (i.e., the

first autonomous mobile robot 114A), leading to more efficient task completion.

[029] Furthermore, the controller 104 is configured to determine a pallet loading pattern
indicative of a distribution of a plurality of inventory items in one or more cases and a stacking
of the one or more cases in one or more layers on a pallet of the first autonomous mobile robot
114A based on a set of criteria. Moreover, the set of criteria includes at least a first criterion of
a case density with respect to an item crushability parameter. The controller 104 is configured
to evaluate the set of criteria, such as the density of the cases and the crushability of the items,
to create an optimal pallet loading pattern (i.e., a pallet loading plan). Moreover, such
evaluation includes calculating the distribution and allocation of the plurality of inventory

items on the pallet, ensuring that heavier and sturdier items are placed at the bottom and lighter,
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more fragile items are positioned at the top of the pallet. In an implementation, a palletization
instruction logic that is used to deconstruct the order into packable pallets based on volumetric
calculations, item density, tie high, and stackability and further communicates the same through
visual cues thereby ensuring that the plurality of operators can easily stack a pallet without
retouching the plurality of inventories. In addition, after the evaluation by the controller 104,
the loading pattern is then communicated to the first operator 116A through the first wearable
device 118A to follow during the loading process. As a result, the pallet loading pattern
indicative of the distribution of the plurality of inventory items in one or more cases and the
stacking of the one or more cases in one or more layers on a pallet of the first autonomous
mobile robot 114A optimizes the space utilization and ensures the safety of the plurality of
inventory items during transportation that helps the first operator 116A to prevent any damage
to the goods, maintain the integrity of the fragile items, and enhances the overall efficiency of

the loading process.

[030] In accordance with an embodiment, the controller 104 is further configured to
determine the set of criteria that are specific for each pallet of each autonomous mobile robot
of the plurality of autonomous mobile robots. The controller 104 is configured to analyze
various factors and characteristics of the plurality of inventory items designated for each pallet,
such as size, weight, fragility, compatibility with other items, and the like. Furthermore, the set
of criteria is determined by the controller 104 to provide the optimal way of loading, stacking,
and transporting the plurality of inventory items on that specific pallet. Therefore, by
optimizing the loading pattern for each pallet, the controller 104 is configured to reduce the
time and effort required for manual adjustments and increase the speed of operations. In
addition, the determination of the set of criteria by the controller 104 is used to prevent

accidents and damage by ensuring that items are loaded and transported in a manner that takes
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the unique characteristics into account and also allows more efficient use of space and weight

capacity on each pallet, reducing the number of trips needed and conserving resources.

[031] In accordance with an embodiment, the controller 104 is further configured to
determine a pallet volume and a case volume for items to be picked, and a compatibility of the
pallet volume and the case volume is a second criterion of the set of criteria. The second
criterion is used to determine the loading pattern in order to check for any overhangs, wasted
space, or imbalances that could affect the stability and safety of the inventory items placed on
the pallet along with the pallet. Moreover, the second criterion, which is the determination of
the compatibility between the pallet volume and the case volume is used to optimize space
utilization, maintain balance, and prevent damage during the transportation of the plurality of
inventory items thereby improving the overall efficiency of the inventory storage and handling

processes within the warehouse 110.

[032] In accordance with an embodiment, the controller 104 is further configured to
determine a case stacking height for each layer of the one or more cases on the pallet. Moreover,
the case stacking height is a third criterion of the set of criteria. In an implementation, the
controller 104 is configured to determine the optimal stacking height for each layer on the pallet
by analyzing the dimensions, weight, and stability of the cases. Moreover, the determination
of the correct case stacking height is used to maintain the structural integrity of the stacked
items thereby optimizing the storage capacity and ensuring safe handling and transportation of
the plurality of inventory items. In addition, the stacking height of the one or more cases is

used to prevent damage to the one or more cases during warehouse operations.

[033] In accordance with an embodiment, the controller 104 is further configured to
determine a case layer width for each layer of the one more case on the pallet. Moreover, the

case layer width is a fourth criterion of the set of criteria. The width for each layer of the one

11



or more cases based on factors, such as the dimensions of the cases, the pallet size, and any
operational constraints are used to maximize the use of pallet space while maintaining stability
and accessibility of the plurality of inventory items. As a result, the controller 104 is configured
to determine the case layer width that is further utilized for optimizing the arrangement of the
one or more cases on the pallet of the first autonomous mobile robot 114A thereby ensuring

efficient space utilization, safe transportation, and storage of the warehouse operations.

[034] Furthermore, the controller 104 is configured to generate and communicate a pick
instruction based on the determined pallet loading pattern to the first wearable device 118A
worn by the first operator 116A to pick one or more inventory items and place onto the pallet
of the first autonomous mobile robot 114A based on the determined pallet loading pattern. The
communication of the pick instructions based on the determined pallet loading pattern is used
to provide real-time guidance during the picking process to the first operator 116A. In other
words, the controller 104 receives the order information from the warehouse management
system 106. Thereafter, the controller 104 is configured to communicate the guidance
instructions to the first operator 116A through the first wearable device 118A in order to make
the operator available at the time of arrival of the first autonomous mobile robot 114A. After
that, the controller 104 based on the set of criteria determines the loading pattern for the one or
more cases from the plurality of inventory items. After that, the controller 104 is configured to
generate the pick instruction and further communicate the same to the first operator 116A
through the first wearable device 118 A. Moreover, such communication allows the operator,
for example, the first operator 116A to load the pallet of the first autonomous mobile robot
114A without damaging the one or more cases from the plurality of inventory items. As a result,
by generating precise pick instructions, the controller 104 is configured to ensure accurate and
efficient fulfillment of orders within the warehouse 110 with enhanced operational accuracy

and supports seamless integration of human and automated workflows.
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[035] In accordance with an embodiment, the controller 104 is further configured to
determine a center-of-mass and a total payload accumulated on each autonomous mobile robot
of the plurality of autonomous mobile robots including the first autonomous mobile robot, and
preconfigure a maximum speed, an acceleration, and a rotation torque for each autonomous
mobile robot based on the detected center-of-mass and the total payload. In an example, the
controller 104 is configured to determine the center-of-mass and the total payload accumulated
on the first autonomous mobile robot 114A and preconfigure the maximum speed, the
acceleration, and the rotation torque for the first autonomous mobile robot 114A based on the
detected center-of-mass and the total payload. Similarly, the controller 104 is configured to
determine the center-of-mass and the total payload accumulated on the n™ autonomous mobile
robot 114N and preconfigure the maximum speed, the acceleration, and the rotation torque for
the n" autonomous mobile robot 114N based on the detected center-of-mass and the total
payload. The controller 104 is configured to adjust the parameters, such as maximum speed to
ensure safe handling, acceleration for efficient movement, and rotation torque for
maneuverability, tailored to the specific load conditions of each of the plurality of autonomous
mobile robots (e.g., the first autonomous mobile robot 114A, the second autonomous mobile
robot 114B, up to the nth autonomous mobile robot 114N) for optimizing the operational
capabilities and safety of each of the plurality of autonomous mobile robot with efficient

movement within the warehouse 110.

[036] In accordance with an embodiment, the controller 104 is further configured to adjust
the maximum speed, acceleration, and rotation torque of each autonomous mobile robot from
the plurality of autonomous mobile robots based on the real-time or near real-time changes in
the center-of-mass as items are added to the pallet during the picking process. The controller
104 is configured to monitor the center-of-mass of the loaded pallet and dynamically updates

the movement parameters of the robots to account for the shifting weight, ensuring balanced
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and controlled movement. In an implementation, the controller 104 is configured to determine
the center of mass of the pallet based on the velocity of each of the plurality of autonomous
mobile robots in order to load the pallet and accordingly adjust the velocity profile to ensure
the stability of the system 102. As a result, the controller 104 is configured to improve the
stability and safety of the each of the plurality of autonomous mobile robots thereby preventing
tipping or collisions and allowing for efficient and secure transportation of goods within the

warehouse 110.

[037] In accordance with an embodiment, the controller 104 is further configured to
generate a picking sequence indicative of one or more next pick locations in the first virtual
pick zone 112A or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot 114A based on a set of cost factors. Moreover, the set of cost factors
includes a bot distance cost, a picking cost, an operator travel cost, and a zone current cost. In
an implementation, the controller 104 is configured to analyze the current state of the
warehouse 110, such as by utilizing real-time data and algorithms. Thereafter, the controller
104 is configured to calculate optimal paths for the plurality of autonomous mobile robots
based on the specified cost factors. In an example, the set of cost factors includes the bot
distance cost. Moreover, the bot distance cost refers to the amount of time and energy required
for the each of the plurality autonomous mobile robots (e.g., the first autonomous mobile robot
114A, the second autonomous mobile robot 114B, up to the nth autonomous mobile robot
114N) to travel between different locations within the warehouse 110. In another example, the
set of cost factors includes the picking cost. Moreover, the picking cost includes resources
(e.g., time, labor, equipment, and the like) that are required to retrieve the plurality of inventory
items from the storage locations in the warehouse 110. In yet another example, the set of cost
factors includes the operator travel cost. The operator travel cost refers to the time and effort

required for the operators (e.g., the first operator 116A up to the nth operator 116N) to move
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between different pick zones or aisles in the warehouse 110. In an implementation, the set of
cost factors includes the zone current cost. The zone current cost refers to the current
operational load and efficiency of a specific pick zone within the warehouse 110. The set of
cost factors is used to ensure that the plurality of inventory items is picked in a sequence that
minimizes overall travel distance, reduces operational time, and enhances the overall

productivity of the system 102, such as by prioritizing and streamlining the picking process.

[038] In accordance with an embodiment, the controller 104 is further configured to
monitor the progress of a plurality of picking tasks in the plurality of virtual pick zones in the
warehouse 110 and adjust the assignment of the plurality of picking tasks to the plurality of
autonomous mobile robots in a real-time or near real-time based on a bot operational state of
the plurality of autonomous mobile robots and an operator operational state received from each
of a plurality of wearable devices worn by a corresponding operator. The controller 104 is
configured to receive information from the wearable devices worn by the plurality of operators,
for example, the first wearable device 118A worn by the first operator 116A in order to
determine the current status of each picking task and the overall workload distribution across
the warehouse 110. Moreover, the monitoring of the plurality of picking tasks is used to
maintain the operational efficiency of the system 102, such as by identifying bottlenecks or
delays and taking corrective actions. As a result, by monitoring and adjusting task assignments
based on real-time data, the controller 104 enhances operational efficiency, adapts to changing

conditions, and ensures smooth workflow orchestration in warehouse environments.

[039] In accordance with an embodiment, the controller 104 is further configured to
determine picking paths and assignments based on the specific capabilities of each of the
plurality of autonomous mobile robots including utilizing extended fork capabilities for picking

multiple pallets or roll cages simultaneously. The controller 104 is configured to evaluate
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unique features for each robot, such as extended fork capabilities, and assigns tasks and routes
that leverage the unique features of each of the plurality of autonomous mobile robots to handle
multiple items simultaneously, thereby streamlining the picking process. In an implementation,
the controller 104 is configured to identify the unique features for each of the autonomous
mobile robot, such as the first autonomous mobile robot 114A with varying technological
capabilities that helps to unravel new use cases by utilizing the same software stack. For
example, an autonomous mobile robot with extended fork can be configured to pick the one or
more cases together and accordingly plan the pick path of each of the plurality of autonomous
mobile robots to allow the plurality of autonomous mobile robots to provide a pallet agnostic
solutions. As a result, the controller 104 is configured to optimize picking paths and
assignments based on robot capabilities enhances efficiency, reduces travel time, and
maximizes the use of available resources in the warehouse 110 thereby reducing overall picking

time and improving throughput.

[040] In accordance with an embodiment, the controller 104 is further configured to
generate a plurality of picking paths for the plurality of autonomous mobile robots and a
plurality of operators based on grouping orders based on the proximity and similarity of
inventory items in different orders, determining a minimum number of consecutive aisles
required to fulfill the grouped orders and enabling concurrent selection of multiple pallets or
roll cages and minimizing a total travel distance and a total time required to complete a given
picking task. Firstly, the controller 104 is configured to generate a plurality of picking paths
for the plurality of autonomous mobile robots and a plurality of operators based on grouping
orders based on the proximity and similarity of inventory items in different orders. Thereafter,
the controller 104 is configured to determine the minimum number of consecutive aisles
required to fulfill the grouped orders and enable concurrent selection of multiple pallets or roll

cages. Furthermore, the controller 104 is configured to minimize the total travel distance and
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the total time required to complete a given picking task. The controller 104 is configured to
analyze the order information in order to identify groups of orders with similar inventory item
types or locations. In an implementation, the controller 104 is configured to calculate the
optimal paths that each of the plurality of autonomous mobile robots and the plurality of
operators should follow to fulfill the grouped orders efficiently. Moreover, such calculation
includes the determination of the minimum number of consecutive aisles needed, enabling
simultaneous selection of multiple pallets or roll cages, and optimizing the overall travel
distance and time. As a result, by grouping orders based on proximity and similarity of
inventory items, and considering aisle requirements and pallet handling capabilities, the

controller 104 is configured to minimize travel distances and time spent on each picking task.

[041] In accordance with an embodiment, the controller 104 is further configured to
render a user interface (Ul) on the first wearable device 118A worn by the first operator 116A
to allow a user input corresponding to flagging the pallet for an audit using the Ul when the
first operator 116A detects an anomaly during the picking process. When the first operator
116A notices a discrepancy, such as damaged items, incorrect quantities, or misplaced
products, then, in that case, the first operator 116A is configured to utilize the Ul of the
wearable device worn by the first operator 116A to input a specific command that marks the
respective pallet for an audit and thereby ensure that any potential errors are promptly
addressed and resolved. Example of the Ul on the first wearable device 118A worn by the first
operator 116A to allow a user input corresponding to flagging the pallet for an audit using the
UI when the first operator 116A detects an anomaly during the picking process is described
and shown in detail in FIG. 3. As a result, the controller 104 is configured to handle reported
anomalies thereby facilitating prompt investigation and resolution in order to ensure that

rigorous quality control standards are maintained.
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[042] Advantageously, the system 102 of the warehouse Orchestration for inventory
picking and fulfillment provides real-time or near real-time order processing and efficient
distribution of tasks across the plurality of virtual pick zones in order to enhance order accuracy
and speed. The system 102 effectively coordinates with the plurality of autonomous mobile
robots and human operators, leading to optimized workflow and reduced bottlenecks.
Moreover, by utilizing location data, and pre-defined pathways, the system 102 is configured
to ensure precise navigation and task assignment for the plurality of autonomous mobile robots.
Additionally, the controller 104 is configured to generate detailed pick instructions and pallet
loading patterns based on the set of criteria thereby improving space utilization and preventing
damage to the plurality of inventory items. The system 102 is configured to adjust the
operational parameters of each of the autonomous mobile robots based on load conditions and
continuously monitors picking tasks, making real-time adjustments to maintain efficiency with
improved operational efficiency, safe handling of goods, and seamless collaboration between

the plurality of autonomous mobile robots and human operators.

[043] FIG. 1B is a block diagram that illustrates various exemplary components of a
system, in accordance with an embodiment of the present disclosure. FIG. 1B is described in
conjunction with elements from FIG. 1A. With reference to FIG. 1B, there is shown a block
diagram 100B that includes the system 102. The system 102 includes the controller 104, a

network interface 120, and a memory 122.

[044] The network interface 120 may include hardware or software that is configured to
establish communication between the controller 104 and the memory 122. Examples of the
network interface 120 may include but are not limited to a computer port, a network socket, a

network interface controller (NIC), and any other network interface device.
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[045] The memory 122 is configured to store the order information, such as the
information related to orders, executions, inventory items, and the like that is received from the
warehouse management system 106. Examples of implementation of the memory 122 may
include but are not limited to, Electrically Erasable Programmable Read-Only Memory
(EEPROM), Dynamic Random-Access Memory (DRAM), Random Access Memory (RAM),
Read-Only Memory (ROM), Hard Disk Drive (HDD), Flash memory, a Secure Digital (SD)
card, Solid-State Drive (SSD), and/or CPU cache memory. Advantageously, the system 102
enables efficient communication and storage of order and the plurality of inventory data,
enhancing the overall functionality and performance of the system 102 for warehouse

Orchestration.

[046] FIG. 2 is a diagram that illustrates a warehouse including a plurality of operators
and a plurality of virtual pick zones, in accordance with an embodiment of the present
disclosure. FIG. 2 is described in conjunction with elements from FIGs. 1A and 1B. With
reference to FIG. 2, there is shown a diagram 200 that includes the warehouse 110 having the
plurality of autonomous mobile robots (e.g., the first autonomous mobile robot 114A, the
second autonomous mobile robot 114B, and a third autonomous mobile robot 206), the
plurality of virtual pick zones (e.g., the first virtual pick zone 112A up to the nth virtual pick
zone 112N), and the plurality of operators (e.g., the first operator 116A up to the nth operator

116N).

[047] In an implementation scenario, the warehouse 110 includes the plurality of virtual
zones, such as the first virtual pick zone 112A up to the nth virtual pick zone 112N where the
plurality of inventory items is stalked. The controller 104 of the system 102 cause the first
autonomous mobile robot 114A of the plurality of plurality of autonomous mobile robots to

move to the first virtual pick zone 112A of the plurality of virtual pick zones. Similarly, the
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other autonomous mobile robots, such as the second autonomous mobile robot 114B, up to the
nth autonomous mobile robot 114N are caused by the controller 104 to move to the
corresponding virtual pick zones, such as a second virtual pick zone 202A, a third virtual pick
zone 202B, and a fourth virtual pick zone 202C of the plurality of virtual pick zones. In
addition, the plurality of autonomous mobile robots is configured to move to the plurality of
virtual pick zone based on the plurality of inventory items that are required by the plurality of
autonomous mobile robots to be loaded on the respective pallets based on the order information
received by the controller 104 and the pallet loading pattern. Moreover, the plurality of
operators, such as the first operator 116A up to the nth operator 116N are guided through the
guidance instruction, which is communicated through the wearable devices worn by each of
the plurality of operators. For example, the first wearable device 118A is worn by the first
operator 116A to guide the first operator 116A to be available at the first virtual pick zone
112A through the guidance instructions sent by the controller 104. Similarly, a second
wearable device is worn by a second operator 204A, and a third wearable device is worn by a
third operator 204B to be available at the first virtual pick zone 112A, a second virtual pick
zone 202A, a third virtual pick zone 202B, and a fourth virtual pick zone 202C respectively
through the guidance instructions sent by the controller 104. Advantageously, the coordinated
movements of the plurality of autonomous mobile robots and the plurality of operators
enhances the operational efficiency, optimizes the task allocation, and improves the

coordination between the plurality of operators and the plurality of autonomous robots.

[048] FIG. 3 is a diagram that depict an exemplary user interface (UI) of a wearable device
illustrating real-time or near real-time interaction of an operator with a controller of a system
warehouse orchestration for inventory picking and fulfilment, in accordance with an
embodiment of the present disclosure. FIG. 3 is described in conjunction with elements from

FIGs. 1A, 1B, and 2. With reference to FIG. 3, there is shown a diagram 300 that depicts an
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exemplary illustration of a user interface (UI) 304 of a wearable device 302 worn by an operator
to allow a user input corresponding to flagging the pallet for an audit using the UI 304 when

the operator, such as the first operator 116A detects an anomaly during the picking process.

[049] In an exemplary scenario, with reference to FIG. 3, there is shown another
exemplary illustration 300 that depicts the UI 304 of the wearable device 302 worn by one of
the plurality of operators. For example, the Ul of the first wearable device 118A worn by the
first operator 116A. In an implementation, the wearable device 302 includes any device that is
capable of displaying information in a human-readable format, such as a smart-watch,
computer monitor, a tablet, or a smartphone that can be worn by each of the plurality of
operators individually. The user interface 304 is a visual interface used to display any ongoing
event related to the order information, plurality of inventory items, guidance instructions, and
the pallet loading instruction. For example, the Ul 304 displays the information, such as
username, User ID, inventory ID, Inventory name, quantity, raise exception, scan item,
location, and the like. In an implementation, the controller 104 is configured to render the Ul
304 on the first wearable device 118A worn by the first operator 116A to allow user input
corresponding to flagging the pallet for an audit using the UI 304 when the first operator 116A
detects an anomaly during the picking process in order to ensure that any discrepancies, such
as damaged items, incorrect quantities, or misplaced products, are promptly addressed,
maintaining high standards of accuracy and quality control in the warehouse operations. The
operator, such as the first operator 116A, upon noticing an anomaly, can use the UI 304 on the
wearable device 302 to input specific command that marks the respective pallet for an audit,
for example, raise exception command. Moreover, such input command triggers the controller
104 to flag the pallet for further inspection and resolution. Therefore, by enabling immediate

anomaly reporting and flagging through the wearable device 302, the system 102 facilitates
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prompt investigation and resolution of issues, ensuring rigorous quality control and minimizing

disruptions in the picking process.

[050] FIG. 4A and FIG. 4B illustrate an autonomous mobile robot equipped with a user
interface (UI) screen and control mechanisms, in accordance with an embodiment of the
present disclosure. With reference to FIG. 4A, there is shown a diagram 400A that depicts an
exemplary implementation of the first autonomous mobile robot 114A that is configured to
move to the plurality of virtual pick zones and allow the operators to load the pallet of the first
autonomous mobile robot 114A based on the pallet loading pattern. Furthermore, with
reference to FIG. 4B, there is shown another implementation of the first autonomous mobile
robot 114A that includes extended forks configured to load one or more inventory items based

on the order information received from the warehouse management system 106.

[051] In an implementation scenario, each of the plurality of autonomous mobile robot,
such as the first autonomous mobile robot 114A is used for warehouse operations in order to
assist the plurality of operators with tasks, such as picking, transporting, and managing
inventory items. The controller 104 is configured to cause the first autonomous mobile robot
114A from the plurality of plurality of autonomous mobile robots to move to the first virtual
pick zone 112A of the plurality of virtual pick zones. The first autonomous mobile robot 114A
is configured to boost the overall productivity of the system 102 through reduced operator
walking time, improved picking ergonomics, and enhanced employee satisfaction at minimal
cost. The system 102 allows a fast ramp-up and go-live within days or weeks without the need
for extensive operator training, fencing, or barcode downtime and also provides a quick
payback period and high return on investment (ROI), with the expected total cost of ownership

(TCO) reduction ranging from 25% to 40%. Additionally, the system 102 is configured to
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handle multiple types of pallets within the warehouse 110 thereby accommodating diverse

operational needs.

[052] FIGs. 5A, 5B, and 5C are diagrams that illustrate a process of layering and
palletization in a warehouse management system for optimized inventory picking and
fulfillment, in accordance with an embodiment of the present disclosure. With reference to
FIG. 5A, there is shown a diagram 500A that depicts an initial layer of the one or more
inventory items placed on a pallet of the first autonomous mobile robot 114A from the plurality
of autonomous mobile robots. Furthermore, with reference to FIG. 5B, there is shown a
diagram 500B that depicts an addition of a second layer of one or more inventory items that
are placed on the initial layer of the one or more inventory items. In addition, with reference to
FIG. 5C, there is shown a diagram 500C that depicts a third layer of one or more inventory

items that are placed on the second layer of inventory items, completing the pallet load.

[053] In an implementation scenario, the controller 104 of the system 102 is configured
to determine a pallet loading pattern indicative of a distribution of the plurality of inventory
items in one or more cases and a stacking of the one or more cases in one or more layers, such
as the initial layer, the second layer, and the third layer on the pallet of the first autonomous
mobile robot 114A. The operator, such as the first operator 116A is instructed to load the pallet
of the first autonomous mobile robot 114A with one or more inventory items according to the
loading pattern, which is determined by the controller 104 based on the set of criteria, such as
a pallet and case volume, a case density and an item crushability, a case stacking height for
each layer, a case layer width for each layer, and the like thereby ensuring that the heavier
items are at the bottom and lighter, more fragile items are on top. Additionally, the placement

of one or more case of the one or more inventory items provides an optimized space utilization
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thereby ensuring the safety of the plurality of inventory items during transport and enhances

overall loading efficiency.

[054] FIGs. 6A, 6B, and 6C are diagrams that illustrate different configurations of items
loaded on an autonomous mobile robot based on center of mass, in accordance with an
embodiment of the present disclosure. With reference to FIG. 6A there is shown a diagram
600A of a side view of the first autonomous mobile robot 114A. Similarly, with reference to
FIG. 6B, there is shown a diagram 600B of a front view of the first autonomous mobile robot
114A and with reference to FIG. 6C, there is shown a diagram 600C of a top view of the first

autonomous mobile robot 114A with one or more inventory items placed on the pallet.

[055] In an exemplary scenario, the controller 104 is configured to determine the center
of mass for each of the one or more inventory items, such as a first center of mass 602A of a
first inventory item 604A, a second center of mass 602B of a second inventory item 604B, and
a third center of mass 602C of a third inventory item 604C loaded on the first autonomous
mobile robot 114A along with the center of mass 608 of a pallet 606. In an implementation,
the controller 104 is configured to determine a center-of-mass and a total payload accumulated
on each autonomous mobile robot of the plurality of autonomous mobile robot including the
first autonomous mobile robot and preconfigure a maximum speed, an acceleration, and a
rotation torque for each autonomous mobile robot based on the detected center-of-mass and the
total payload. As a result, by monitoring and adjusting for the center of mass and payload, the
controller 104 is configured to optimize the performance of the first autonomous mobile robot

114A and ensure safe transport of the loaded one or more inventory items.

[056] FIG. 7 is a flowchart of a method of warehouse orchestration for inventory picking
and fulfilment, in accordance with an embodiment of the present disclosure. FIG. 7 is described

in conjunction with elements from FIGs. 1A, 1B, up to 6. With reference to FIG. 7, there is
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shown a flowchart of a method 700 that includes the steps 702-to-712. The controller 104 (of

FIG. 1A) is configured to execute the method 700.

[057] There is provided the method 700 of warehouse orchestration for inventory picking
and fulfilment. The method 700 is used to provide a real-time or near real-time order processing
and distribution with efficient allocation and management of orders across the plurality of
virtual pick zones. Furthermore, the method 700 is used to establish an improved and reliable
coordination of the plurality of autonomous mobile robots and human operators to enhance the

operational efficiency of the warehouse 110 along with safe and efficient stacking.

[058] At 702, the method 700 includes receiving order information from a warehouse
management system 106. The order information received by the controller 104 from the
warehouse management system 106 should include information associated with the order, such
as order ID, customer information, product details, quantity, inventory location, priority level,
delivery date, handling instructions, and the like. The retrieval of the order information from
the warehouse management system 106 is used to ensure that the plurality of orders that are to

be fulfilled through the warehouse 110 can be fulfilled accurately and efficiently.

[059] At 704, the method 700 includes allocating and distributing a plurality of orders
across a plurality of virtual pick zones in the warehouse 110 based on a real-time or near real-
time demand and pick capacity and the received order information. As a result, the method 700
is used to optimize the workflow, reducing bottlenecks, and improving the overall operational

efficiency of the warehouse.

[060] At 706, the method 700 includes causing the first autonomous mobile robot 114A
of a plurality of plurality of autonomous mobile robots to move to a first virtual pick zone 112A

of the plurality of virtual pick zones. The assignment of the right autonomous mobile robot to
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the correct virtual pick zone to efficiently carry out the picking tasks. Moreover, such
coordination is essential for optimizing the workflow within the warehouse 110 thereby

ensuring that the picking process is streamlined and efficient.

[061] At 708, the method 700 includes communicating a guidance instruction to the first
wearable device 118A worn by the first operator 116A to guide the first operator 116A to be
available at the first virtual pick zone 112A. The communication of the guidance instruction to
the first wearable device 118A is used to ensure that the first operator 116A is in the correct
location to assist with inventory picking, thus facilitating efficient collaboration between
autonomous robots and human operators, such as between the first operator 116A and the first

autonomous mobile robot 114A.

[062] At 710, the method 700 includes determining a pallet loading pattern indicative of
a distribution of a plurality of inventory items in one or more cases and a stacking of the one
or more cases in one or more layers on a pallet of the first autonomous mobile robot 114A,
based on the set of criteria. Moreover, the set of criteria includes at least a first criterion of a
case density with respect to an item crushability parameter. The pallet loading pattern
indicative of the distribution of the plurality of inventory items in one or more cases and the
stacking of the one or more cases in one or more layers on a pallet of the first autonomous
mobile robot 114A optimizes the space utilization and ensures the safety of the plurality of
inventory items during transportation that helps the first operator 116A to prevent any damage
to the goods, maintain the integrity of the fragile items, and enhances the overall efficiency of

the loading process.

[063] In accordance with an embodiment, the method 700 includes determining, by the
controller 104 a pallet volume and a case volume for items to be picked, wherein a

compatibility of the pallet volume and the case volume is a second criterion of the set of criteria.
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The second criterion is used to determine the loading pattern in order to check for any
overhangs, wasted space, or imbalances that could affect the stability and safety of the
inventory items placed on the pallet along with the pallet. Moreover, the second criterion,
which is the determination of the compatibility between the pallet volume and the case volume
is used to optimize space utilization, maintain balance, and prevent damage during the
transportation of the plurality of inventory items thereby improving the overall efficiency of

the inventory storage and handling processes within the warehouse 110.

[064] In accordance with an embodiment, the method 700 includes determining by the
controller 104, a case stacking height for each layer of the one or more cases on the pallet,
wherein the case stacking height is a third criterion of the set of criteria. In an implementation,
the controller 104 is configured to determine the optimal stacking height for each layer on the
pallet by analyzing the dimensions, weight, and stability of the cases. Moreover, the
determination of the correct case stacking height is used to maintain the structural integrity of
the stacked items thereby optimizing the storage capacity and ensuring safe handling and
transportation of the plurality of inventory items. In addition, the stacking height of the one or

more cases is used to prevent damage to the one or more cases during warehouse operations.

[065] In accordance with an embodiment, the method 700 includes determining, by the
controller 104, a case layer width for each layer of the one more cases on the pallet, wherein
the case layer width is a fourth criterion of the set of criteria. The width for each layer of the
one or more cases based on factors, such as the dimensions of the cases, the pallet size, and any
operational constraints are used to maximize the use of pallet space while maintaining stability
and accessibility of the plurality of inventory items. As a result, the method 700 is used to

determine the case layer width that is further utilized for optimizing the arrangement of the one
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or more cases on the pallet of the first autonomous mobile robot 114A thereby ensuring

efficient space utilization, safe transportation, and storage of the warehouse operations.

[066] At 712, the method 700 includes generating and communicating a pick instruction
based on the determined pallet loading pattern to the first wearable device 118A worn by the
first operator 116A to pick one or more inventory items and place onto the pallet of the first
autonomous mobile robot 114A based on the determined pallet loading pattern. The
communication of the pick instructions based on the determined pallet loading pattern is used
to provide real-time guidance during the picking process to the first operator 116A. As aresult,
by generating precise pick instructions, the controller 104 is configured to ensure accurate and
efficient fulfillment of orders within the warehouse 110 with enhanced operational accuracy

and supports seamless integration of human and automated workflows.

[067] In accordance with an embodiment, the method 700 includes determining, by the
controller 104, a center-of-mass and a total payload accumulated on each autonomous mobile
robot of the plurality of autonomous mobile robot including the first autonomous mobile robot
and preconfiguring, by the controller 104, a maximum speed, an acceleration, and a rotation
torque for each autonomous mobile robot based on the detected center-of-mass and the total
payload. In an example, the controller 104 is configured to determine the center-of-mass and
the total payload accumulated on the first autonomous mobile robot 114A and preconfigure the
maximum speed, the acceleration, and the rotation torque for the first autonomous mobile robot
114A based on the detected center-of-mass and the total payload. Similarly, the controller 104
is configured to determine the center-of-mass and the total payload accumulated on the n®
autonomous mobile robot 114N and preconfigure the maximum speed, the acceleration, and
the rotation torque for the n autonomous mobile robot 114N based on the detected center-of-

mass and the total payload. The controller 104 is configured to adjust the parameters, such as
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maximum speed to ensure safe handling, acceleration for efficient movement, and rotation
torque for maneuverability, tailored to the specific load conditions of each of the plurality of
autonomous mobile robots (e.g., the first autonomous mobile robot 114A, the second
autonomous mobile robot 114B, up to the nth autonomous mobile robot 114N) for optimizing
the operational capabilities and safety of each of the plurality of autonomous mobile robot with

efficient movement within the warehouse 110.

[068] In accordance with an embodiment, the method 700 includes monitoring, by the
controller 104, a progress of a plurality of picking tasks in the plurality of virtual pick zones in
the warehouse and adjusting, by the controller, assignment of the plurality of picking tasks to
the plurality of autonomous mobile robots in a real-time or near real-time based on a bot
operational state of the plurality of autonomous mobile robots and an operator operational state
received from each of a plurality of wearable devices worn by a corresponding operator. As a
result, by monitoring and adjusting task assignments based on real-time data, the controller 104
enhances operational efficiency, adapts to changing conditions, and ensures smooth workflow

orchestration in warehouse environments.

[069] In accordance with an embodiment, the method 700 includes generating, by the
controller 104, a picking sequence indicative of one or more next pick locations in the first
virtual pick zone or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot based on a set of cost factors, and wherein the set of cost factors
comprises a bot distance cost, a picking cost, an operator travel cost, and a zone current cost.
The zone current cost refers to the current operational load and efficiency of a specific pick
zone within the warehouse 110. The set of cost factors is used to ensure that the plurality of

inventory items is picked in a sequence that minimizes overall travel distance, reduces

29



operational time, and enhances the overall productivity of the system 102, such as by

prioritizing and streamlining the picking process.

[070] Advantageously, the method 700 of the warehouse Orchestration for inventory
picking and fulfillment provides real-time or near real-time order processing and efficient
distribution of tasks across the plurality of virtual pick zones in order to enhance order accuracy
and speed. The method 700 effectively coordinates with the plurality of autonomous mobile
robots and human operators, leading to optimized workflow and reduced bottlenecks.
Moreover, by utilizing location data, and pre-defined pathways, the system 102 is configured
to ensure precise navigation and task assignment for the plurality of autonomous mobile robots.
Additionally, the controller 104 is configured to generate detailed pick instructions and pallet
loading patterns based on the set of criteria thereby improving space utilization and preventing
damage to the plurality of inventory items. The system 102 is configured to adjust the
operational parameters of each of the autonomous mobile robots based on load conditions and
continuously monitors picking tasks, making real-time adjustments to maintain efficiency with
improved operational efficiency, safe handling of goods, and seamless collaboration between

the plurality of autonomous mobile robots and human operators.

[071] Certain embodiments of the disclosure may be found in a system of warehouse
management for replenishing and picking inventory in the forward pick area 104. Various
embodiments of the disclosure may provide the system that includes the warehouse
management server 108. While the present disclosure is described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may be
made, and equivalents may be substituted without departing from the scope of the present
disclosure. Additionally, many modifications may be made to adapt a particular situation or

material to the teachings of the present disclosure without departing from its scope. Therefore,
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it is intended that the present disclosure is not limited to the particular embodiment disclosed,
but that the present disclosure will include all embodiments that fall within the scope of the
appended claims. Equivalent elements, materials, processes, or steps may be substituted for
those representatively illustrated and described herein. Moreover, certain features of the
disclosure may be utilized independently of the use of other features, all as would be apparent

to one skilled in the art after having the benefit of this description of the disclosure.

k1] kT kT

[072] As used herein, the terms “comprises,” “comprising,” “includes,” “including,”
“has,” “having” or any contextual variants thereof, are intended to cover a non-exclusive
inclusion. For example, a process, product, article, or apparatus that comprises a list of elements
is not necessarily limited to only those elements but may include other elements not expressly
listed or inherent to such process, product, article, or apparatus. Further, unless expressly stated
to the contrary, “or” refers to an inclusive or and not to an exclusive or. For example, a
condition “A or B” is satisfied by any one of the following: A is true (or present), and B is false
(or not present), A is false (or not present) and B is true (or present), and both A and B is true
(or present).

[073] Although the steps, operations, or computations may be presented in a specific
order, this order may be changed in different embodiments. In some embodiments, to the extent
multiple steps are shown as sequential in this specification, some combination of such steps in
alternative embodiments may be performed at the same time. The sequence of operations
described herein can be interrupted, suspended, reversed, or otherwise controlled by another
process. It will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integrated manner, or even

removed or rendered as inoperable in certain cases, as is useful in accordance with a particular

application.
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CLAIMS

What is claimed is:

1. A system of warehouse orchestration for inventory picking and fulfillment, the system

comprising:

a controller configured to:

receive order information from a warehouse management system;

allocate and distribute a plurality of orders across a plurality of virtual
pick zones in a warehouse based on a real-time or near real-time demand
and pick capacity and the received order information;

cause a first autonomous mobile robot of a plurality of plurality of
autonomous mobile robots to move to a first virtual pick zone of the plurality
of virtual pick zones;

communicate a guidance instruction to a first wearable device worn by
a first operator to guide the first operator to be available at the first virtual
pick zone; and

determine a pallet loading pattern indicative of a distribution of a
plurality of inventory items in one or more cases and a stacking of the one
or more cases in one or more layers on a pallet of the first autonomous
mobile robot, based on a set of criteria, wherein the set of criteria comprises
at least a first criterion of a case density with respect to an item crushability
parameter; and

generate and communicate a pick instruction based on the determined
pallet loading pattern to the first wearable device worn by the first operator
to pick one or more inventory items and place onto the pallet of the first

autonomous mobile robot based on the determined pallet loading pattern.
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2. The system according to claim 1, wherein the guidance instruction comprises an
expected time of arrival of the first autonomous mobile robot to the first virtual pick zone

and a location of arrival of the first autonomous mobile robot in first virtual pick zone.

3. The system according to claim 1, wherein the controller is further configured to
determine the set of criteria that are specific for each pallet of each autonomous mobile

robot of the plurality of plurality of autonomous mobile robots.

4. The system according to claim 1, wherein the controller is further configured to
determine a pallet volume and a case volume for items to be picked, wherein a compatibility

of the pallet volume and the case volume is a second criterion of the set of criteria.

5. The system according to claim 1, wherein the controller is further configured to
determine a case stacking height for each layer of the one or more cases on the pallet,

wherein the case stacking height is a third criterion of the set of criteria.

6. The system according to claim 1, wherein the controller is further configured to
determine a case layer width for each layer of the one more cases on the pallet, wherein the

case layer width is a fourth criterion of the set of criteria.

7. The system according to claim 1, wherein the controller is further configured to:
determine a center-of-mass and a total payload accumulated on each
autonomous mobile robot of the plurality of autonomous mobile robot including the
first autonomous mobile robot; and
preconfigure a maximum speed, an acceleration, and a rotation torque for each

autonomous mobile robot based on the detected center-of-mass and the total payload.
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8. The system according to claim 7, wherein the controller is further configured to adjust
the maximum speed, acceleration, and rotation torque of each autonomous mobile robot
from the plurality of autonomous mobile robots based on the real-time or near real-time

changes in the center-of-mass as items are added to the pallet during the picking process.

9. The system according to claim 1, wherein the controller is further configured to
generate a picking sequence indicative of one or more next pick locations in the first virtual
pick zone or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot based on a set of cost factors, and wherein the set of cost factors
comprises a bot distance cost, a picking cost, an operator travel cost, and a zone current

COst.

10. The system according to claim 1, wherein the controller is further configured to monitor
a progress of a plurality of picking tasks in the plurality of virtual pick zones in the
warehouse and adjust assignment of the plurality of picking tasks to the plurality of
autonomous mobile robots in a real-time or near real-time based on a bot operational state
of the plurality of autonomous mobile robots and an operator operational state received

from each of a plurality of wearable devices worn by a corresponding operator.

11. The system according to claim 10, wherein the controller is further configured to
determine picking paths and assignments based on the specific capabilities of each of the
plurality of autonomous mobile robots including utilizing extended fork capabilities for

picking multiple pallets or roll cages simultaneously.

12. The system according to claim 1, wherein the controller is further configured to
generate a plurality of picking paths for the plurality of autonomous mobile robots and a

plurality of operators based on:
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grouping orders based on a proximity and similarity of inventory items in different
orders,
determining a minimum number of consecutive aisles required to fulfill the grouped
orders; and
enabling concurrent selection of multiple pallets or roll cages; and
minimizing a total travel distance and a total time required to complete a given picking

task.

13. The system according to claim 1, wherein the controller is further configured to render
a user interface (UI) on the first wearable device worn by the first operator to allow a user
input corresponding to flagging the pallet for an audit using the UI when the first operator

detects an anomaly during the picking process.

14. A method of warehouse orchestration for inventory picking and fulfilment, the method
comprising:

receiving, by a controller, order information from a warehouse management
system;

allocating and distributing, by the controller, a plurality of orders across a plurality
of virtual pick zones in a warehouse based on a real-time or near real-time demand and pick
capacity and the received order information;

causing, by the controller, a first autonomous mobile robot of a plurality of plurality
of autonomous mobile robots to move to a first virtual pick zone of the plurality of virtual
pick zones;

communicating, by the controller, a guidance instruction to a first wearable device
worn by a first operator to guide the first operator to be available at the first virtual pick

zone; and
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determining, by the controller, a pallet loading pattern indicative of a distribution
of a plurality of inventory items in one or more cases and a stacking of the one or more
cases in one or more layers on a pallet of the first autonomous mobile robot, based on a set
of criteria, wherein the set of criteria comprises at least a first criterion of a case density
with respect to an item crushability parameter; and

generating and communicating, by the controller, a pick instruction based on the
determined pallet loading pattern to the first wearable device worn by the first operator to
pick one or more inventory items and place onto the pallet of the first autonomous mobile

robot based on the determined pallet loading pattern.

15. The method according to claim 14, further comprising determining, by the controller, a
pallet volume and a case volume for items to be picked, wherein a compatibility of the

pallet volume and the case volume is a second criterion of the set of criteria.

16. The method according to claim 14, further comprising determining, by the controller, a
case stacking height for each layer of the one or more cases on the pallet, wherein the case

stacking height is a third criterion of the set of criteria.

17. The method according to claim 12, further comprising determining, by the controller, a
case layer width for each layer of the one more cases on the pallet, wherein the case layer

width is a fourth criterion of the set of criteria.

18. The method according to claim 14, further comprising:
determining, by the controller, a center-of-mass and a total payload accumulated
on each autonomous mobile robot of the plurality of autonomous mobile robot

including the first autonomous mobile robot; and
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preconfiguring, by the controller, a maximum speed, an acceleration, and a
rotation torque for each autonomous mobile robot based on the detected center-of-mass
and the total payload.

19. The method according to claim 14, further comprising generating, by the controller, a
picking sequence indicative of one or more next pick locations in the first virtual pick zone
or one or more next pick locations in a next virtual pick zone for the first autonomous
mobile robot based on a set of cost factors, and wherein the set of cost factors comprises a

bot distance cost, a picking cost, an operator travel cost, and a zone current cost.

20. The method according to claim 14, further comprising monitoring, by the controller, a
progress of a plurality of picking tasks in the plurality of virtual pick zones in the warehouse
and adjusting, by the controller, assignment of the plurality of picking tasks to the plurality
of autonomous mobile robots in a real-time or near real-time based on a bot operational
state of the plurality of autonomous mobile robots and an operator operational state

received from each of a plurality of wearable devices worn by a corresponding operator.
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ABSTRACT

A system of warehouse orchestration for inventory picking and fulfilment comprising a
controller configured to receive order information from warehouse management system
(WMS), allocate and distribute a plurality of orders across a plurality of virtual pick zones
based on real-time or near real-time demand, pick capacity and received order information.
Cause first autonomous mobile robot to move to first virtual pick zone of plurality of virtual
pick zones, communicate guidance instruction to first operator to guide first operator to be
available at first virtual pick zone and determine pallet loading pattern indicative of distribution
of plurality of inventory items in one or more cases and stacking of the one or more cases in
one or more layers based on a set of criteria and communicate pick instruction to first operator
to pick one or more inventory items and place onto the pallet of the first autonomous mobile

robot.
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SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED

INVENTORY PICKING AND FULFILLMENT

CROSS-REFERENCE TO RELATED APPLICATIONS/INCORPORATION BY

REFERENCE
[01] None.
FIELD
[02] Various embodiments of the disclosure relate to warchouse automation technology.

More specifically, various embodiments of the disclosure relate to a system and a method of

warehouse orchestration for inventory picking and fulfillment.

BACKGROUND

[03] Advancements in warehouse management automation technologies have pushed the
development of warehouse management systems for automated inventory picking, fulfilling
orders, sortation, and putting away different types of inventory items for multi-line orders in a
warehouse. However, many warehouse management systems still rely on manual processes,
which are time-consuming, labor-intensive, and prone to errors. As warchouses grow in size,
the volume of orders increases, along with the complexity of managing warehouse operations,
which includes tracking inventory levels, processing orders, and locating goods. Additionally,
existing warehouse management systems are not adequately equipped to address issues related
to real-time demand and pick capacity variations, leading to bottlenecks and reduced

operational efficiency.

[04] Further limitations and disadvantages of conventional and traditional approaches

will become apparent to one of skill in the art, through the comparison of described systems



with some aspects of the present disclosure, as set forth in the remainder of the present

application and with reference to the drawings.

SUMMARY

[05] A system and a method for warehouse orchestration for inventory picking and
fulfillment, substantially as shown in, and/or described in connection with, at least one of the

figures, as set forth more completely in the claims.

[06] These and other features and advantages of the present disclosure may be
appreciated from a review of the following detailed description of the present disclosure, along
with the accompanying figures in which like reference numerals refer to like parts throughout.
BRIEF DESCRIPTION OF THE DRAWINGS

[07] FIG. 1A is a block diagram illustrating a system for warehouse orchestration for
inventory picking and fulfillment, in accordance with another embodiment of the present
disclosure;

[08] FIG. 1B is a block diagram that illustrates various exemplary components of a
system, in accordance with an embodiment of the present disclosure;

[09] FIG. 2 is a diagram that illustrates a warehouse including a plurality of operators
and a plurality of virtual pick zones, in accordance with an embodiment of the present
disclosure;

[010] FIG. 3 is a diagram that depicts an exemplary user interface (UI) of a wearable
device illustrating real-time or near real-time interaction of an operator with a controller of a
system warehouse orchestration for inventory picking and fulfillment, in accordance with an

embodiment of the present disclosure;



[011] FIG. 4A and FIG. 4B illustrates an autonomous mobile robot equipped with a user
interface (UI) screen and control mechanisms, in accordance with an embodiment of the
present disclosure;
[012] FIGs. 5A, 5B, and 5C are diagrams that illustrate a process of layering and
palletization in a warehouse management system for optimized inventory picking and
fulfillment, in accordance with an embodiment of the present disclosure;
[013] FIGs. 6A, 6B, and 6C are diagrams that illustrate different configurations of items
loaded on an autonomous mobile robot based on center of mass, in accordance with an
embodiment of the present disclosure; and
[014] FIG. 7 is a flowchart of a method of warehouse orchestration for inventory picking
and fulfillment, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION
[015] The following described implementations may be found in a disclosed system and
method for warehouse orchestration for inventory picking and fulfillment. The disclosed
system provides a solution to optimize warchouse orchestration operations, specifically
focusing on inventory picking and fulfillment processes based on real-time or near real-time
demand and capacity, guidance for operators via wearable devices, and optimization of pallet
loading patterns based on specified criteria. Moreover, the disclosed system enhances
opcrational cfficiency by minimizing travel distanccs, balancing workloads, and improving
overall throughput in warehouse environments. Additionally, the disclosed system enhances
the productivity of the warchouses by enabling hands-free operation, fitting into existing
infrastructure, and reducing cycle times through optimized real-time order allocation,

autonomous robot coordination, and efficient operator guidance.



[016] In the following description, reference is made to the accompanying drawings,
which form a part hereof, and which are shown, by way of illustration, various embodiments

of the present disclosure.

[017] FIG. 1A is a block diagram illustrating a system for warehouse orchestration for
inventory picking and fulfillment, in accordance with another embodiment of the present
disclosure. With reference to FIG. 1A, there is shown a block diagram 100A of a system 102
of warehouse management for warehouse orchestration for inventory picking and fulfillment
that includes a controller 104, a warehouse management system 106, a communication network

108, and a warehouse 110.

[018] The system 102 for warehouse orchestration system incorporates the plurality of
autonomous mobile robots with extended pallet capabilities that allows each of the plurality of
autonomous mobile robots to carry up to the plurality of inventory items (e.g., the plurality of
inventory items up to 2200 pounds) and can opcrate for approximatcly ninc hours on a single
battery charge. The wearable devices that are worn by each of the plurality of operators are
efficient for item tracking. The system 102 further employs a detailed operational flow, starting
with operator login including server checks for logged-in operators and fulfillable missions to
balance workload across zones. Furthermore, the task assignment logic is used to provide a
configurable estimated time of arrival (ETA) and distance thresholds, with special handling for
the plurality of autonomous mobile robots. The system 102 is configured to handle exceptions
such as out-of-stock situations. Task allocation is optimized using detailed cost factors
including the bot distance cost, picking cost, operator travel cost within zones, and overall zone
current cost, with specific formulas for each. These enhancements result in significant
productivity increases, enable hands-free operation, seamlessly integrate with existing

infrastructurc, and rcducc overall cycle times in the warchouse 110.



[019] The controller 104 refers to a computational element (or a warchouse execution
system), which is configured to receive an order information from the warehouse management
system 106 and execute the domain-specific functions, such as workflow orchestration,
resource allocation and optimization, order processing, multi-agent orchestration, inventory
orchestration, task allocation, order distribution, fulfillment of business logic, workforce
forecasting, real-time visualization and analytics, and the like. The controller 104 may refer to
one or more individual controllers, processing devices, and various elements associated with a
processing device that may be shared by other processing devices. In an implementation, the
controller 104 (or the warchouse execution system) is located outside the warehouse
management system 106 and integrated with an application programming interface (API).
Examples of the controller 104 may include but are not limited (o, a hardware processor, a
digital signal processor (DSP), a microprocessor, a microcontroller, a complex instruction set
computing (CISC) processor, an application-specific integrated circuit (ASIC) processor, a
reduced instruction set (RISC) processor, a very long instruction word (VLIW) processor, a
state machine, a data processing unit, a graphics processing unit (GPU), and other processors

or control circuitry.

[020] The warehouse management system 106 is configured to supervise and coordinate
different tasks within the warchouse 110, such as inventory management at the warehouse
level, work forecasting, applying business logic, and the like. In an implementation, the
warehouse management system 106 is a specialized system configured to handle multiple

functionalities involved in the day-to-day operations of the warehouse 110.

[021] The communication network 108 includes a medium (e.g., a communication
channel) through which the controller 104 (or the warehouse execution system) communicates

with the different components of the warchouse 110. The communication nctwork 108 may be



wired or wireless. Examples of the communication network 108 may include, but are not
limited to, Internet, a Local Area Network (LLAN), a wireless personal area network (WPAN),
a Wireless Local Area Network (WLAN), a wireless wide area network (WWAN), a cloud
network, a Long-Term Evolution (LTE) network, a Metropolitan Area Network (MAN), and/or

the Internet.

[022] The warehouse 110 refers to a facility where the outlined operations, such as order
processing, inventory management, and automation integration, take place. Furthermore, the
warehouse 110 is configured to receive, store, and distribute a plurality of inventory items. The
warehouse 110 includes a plurality of virtual pick zones, such as a first virtual pick zone 112A
up to a nth virtual pick zone 112N, and a plurality of operators, such as a first operator 116A
up to nth operator 116N along with wearable devices worn by the plurality of operators. For
example, the first operator 116A wears the first wearable device 118A. Similarly, the nth
opcrator 116N wcars the nth wearable device 118N. Furthermore, the warchousc 110 includes
a plurality of autonomous robots, such as the first autonomous mobile robot 114A, a second

autonomous mobile robot 114B, up to nth autonomous mobile robot 114N.

[023] There is provided the system 102 of warehouse orchestration [or inventory picking
and fulfillment. The system 102 is configured to provide a real-time or near real-time order
processing and distribution with efficient allocation and management of orders across the
plurality of virtual pick zones. Furthermore, the system 102 is configured to establish an
improved and reliable coordination of the plurality of autonomous mobile robots and human
operators to enhance the operational efficiency of the warehouse 110 along with safe and

efficient stacking.

[024] In operation, the system 102 includes the controller 104 configured to receive order

information from the warehouse management system (WMS) 106. The order information
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received by the controller 104 from the warehouse management system 106 should include
information associated with the order, such as order ID, customer information, product details,
quantity, inventory location, priority level, delivery date, handling instructions, and the like.
The controller 104 is configured to receive the order information from the warehouse
management system 106 in order to ensure that the plurality of orders that are to be fulfilled

through the warehouse 110 can be fulfilled accurately and efficiently.

[025] Furthermore, the controller 104 is configured to allocate and distribute a plurality
of orders across the plurality of virtual pick zones in the warehouse 110 based on real-time or
near real-time demand and pick capacity and the received order information. The controller
104 is configured to use real-time or near real-time demand data, pick capacity, and the
received order information to dynamically allocate and distribute orders to different virtual
pick zones within the warehouse 110. For example, the controller 104 is configured to allocate
and distributc the plurality of orders to the first virtual pick zonc 112A in thc warchousc 110.
Similarly, the controller 104 is configured to allocate and distribute the plurality of orders
across the Nth virtual pick zone 112N. In an implementation, the controller 104 is configured
to group orders altogether in order to provide the minimum number of consecutive aisles to
travel to ensure picker productivity improvement. As a result, the controller 104 is configured
to optimize the workflow, reducing bottlenecks, and improving the overall operational

efficiency of the warehouse.

[026] Furthermore, the controller 104 is configured to cause the first autonomous mobile
robot 114A from the plurality of plurality of autonomous mobile robots to move to the first
virtual pick zone 112A of the plurality of virtual pick zones. The controller 104 is configured
to send instructions to the first autonomous mobile robot 114A from the plurality of

autonomous robots to navigatc to the first virtual pick zonc 112A. Morcovcr, such instructions
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are based on real-time data and the overall distribution of tasks across the warehouse 110. The
system 102 is configured to utilize sensors, location data, and pre-defined pathways within the
warehouse 110 to accurately guide the plurality of autonomous mobile robots, such as the first
autonomous mobile robot 114A, the second autonomous mobile robot 114B, and the like to the
designated virtual pick zones. As a result, the controller 104 is configured to assign the right
autonomous mobile robot to the correct virtual pick zone to efficiently carry out the picking
tasks. Moreover, such coordination is essential for optimizing the workflow within the

warehouse 110 thereby ensuring that the picking process is streamlined and efficient.

[027] Furthermore, the controller 104 is configured to communicate guidance instructions
to the first wearable device 118A worn by the first operator 116A to guide the first operator
116A to be available at the first virtual pick zone 112A. The guidance instruction refers to a
set of directions or commands communicated to the wearable device worn by each of the
opcrators from the plurality of opcrators of thc warchouse 110. For ecxamplc, the guidance
information is communicated to the first wearable device 118A worn by the first operator
116A, and to the second wearable device worn by the second operator 116B. In an
implementation, the guidance instruction refers to an instruction that is used to perform a
specific task or reach a particular location, such as location information, task details, timing
data, and the like. The controller 104 is configured to send guidance instructions to the first
wearable device 118A, which is worn by the first operator 116A. In addition, the controller 104
is configured to provide operator management as well as prevent supervision overheads. As a
result, the controller 104 is configured to ensure that the first operator 116A is in the correct
location to assist with inventory picking, thus facilitating efficient collaboration between
autonomous robots and human operators, such as between the first operator 116A and the first

autonomous mobilc robot 114A.



[028] In accordance with an embodiment, the guidance instruction includes an expected
time of arrival of the first autonomous mobile robot 114A to the first virtual pick zone 112A
and a location of arrival of the first autonomous mobile robot 114A to the first virtual pick zone
112A. The controller 104 is configured to determine the expected time of arrival and the exact
location between the plurality of virtual pick zones and the plurality of autonomous mobile
robots. For example, the controller 104 is configured to determine the time of arrival of the
first autonomous mobile robot 114A to the first virtual pick zone 112A and the location of the
arrival of the first autonomous mobile robot 114A in the first virtual pick zone 112A so that
the operator, such as the first operator 116A can be instructed to be at the first virtual pick zone
before the arrival of the first autonomous mobile robot 114A, such as by communicating the
guidance instruction (o the [irst wearable device 118A worn by the [irst operator 116A.
Moreover, the inclusion of the expected time of arrival and precise location in the guidance
instructions ensures that the operator is prepared and in position when the first autonomous
mobile robot 114A arrives thereby minimizing the waiting time and enhancing coordination
between the operators (i.e., the first operator 116A) and the autonomous mobile robot (i.e., the

first autonomous mobile robot 114A), leading to more efficient task completion.

[029] Furthermore, the controller 104 is configured to determine a pallet loading pattern
indicative of a distribution of a plurality of inventory items in one or more cases and a stacking
of the one or more cases in one or more layers on a pallet of the first autonomous mobile robot
114 A based on a set of criteria. Moreover, the set of criteria includes at least a first criterion of
a case density with respect to an item crushability parameter. The controller 104 is configured
to evaluate the set of criteria, such as the density of the cases and the crushability of the items,
to create an optimal pallet loading pattern (i.e., a pallet loading plan). Moreover, such
cvaluation includes calculating the distribution and allocation of the plurality of inventory

items on the pallet, ensuring that heavier and sturdier items are placed at the bottom and lighter,
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more fragile items are positioned at the top of the pallet. In an implementation, a palletization
instruction logic that is used to deconstruct the order into packable pallets based on volumetric
calculations, item density, tie high, and stackability and further communicates the same through
visual cues thereby ensuring that the plurality of operators can easily stack a pallet without
retouching the plurality of inventories. In addition, after the evaluation by the controller 104,
the loading pattern is then communicated to the first operator 116A through the first wearable
device 118A to follow during the loading process. As a result, the pallet loading pattern
indicative of the distribution of the plurality of inventory items in one or more cases and the
stacking of the one or more cases in one or more layers on a pallet of the first autonomous
mobile robot 114A optimizes the space utilization and ensures the safety of the plurality of
inventory items during transportation that helps the [irst operator 116A (o prevent any damage
to the goods, maintain the integrity of the fragile items, and enhances the overall efficiency of

the loading process.

[030] In accordance with an embodiment, the controller 104 is further configured to
determine the set of criteria that are specific for each pallet of each autonomous mobile robot
of the plurality of autonomous mobile robots. The controller 104 is configured to analyze
various factors and characteristics of the plurality of inventory items designated for each pallet,
such as size, weight, fragility, compatibility with other items, and the like. Furthermore, the set
of criteria is determined by the controller 104 to provide the optimal way of loading, stacking,
and transporting the plurality of inventory items on that specific pallet. Therefore, by
optimizing the loading pattern for each pallet, the controller 104 is configured to reduce the
time and effort required for manual adjustments and increase the speed of operations. In
addition, the determination of the set of criteria by the controller 104 is used to prevent

accidents and damage by cnsuring that itcms arc loaded and transported in a manner that takes
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the unique characteristics into account and also allows more efficient use of space and weight

capacity on each pallet, reducing the number of trips needed and conserving resources.

[031] In accordance with an embodiment, the controller 104 is further configured to
determine a pallet volume and a case volume for items to be picked, and a compatibility of the
pallet volume and the case volume is a second criterion of the set of criteria. The second
criterion is used to determine the loading pattern in order to check for any overhangs, wasted
space, or imbalances that could affect the stability and safety of the inventory items placed on
the pallet along with the pallet. Moreover, the second criterion, which is the determination of
the compatibility between the pallet volume and the case volume is used to optimize space
utilization, maintain balance, and prevent damage during the transportation of the plurality of
inventory items thereby improving the overall efficiency of the inventory storage and handling

processes within the warehouse 110.

[032] In accordance with an embodiment, the controller 104 is further configured to
determine a case stacking height for each layer of the one or more cases on the pallet. Moreover,
the case stacking height is a third criterion of the set of criteria. In an implementation, the
controller 104 is confligured to determine the optimal stacking height for each layer on the pallet
by analyzing the dimensions, weight, and stability of the cases. Moreover, the determination
of the correct case stacking height is used to maintain the structural integrity of the stacked
items thereby optimizing the storage capacity and ensuring safe handling and transportation of
the plurality of inventory items. In addition, the stacking height of the one or more cases is

used to prevent damage to the one or more cases during warehouse operations.

[033] In accordance with an embodiment, the controller 104 is further configured to
determine a case layer width for each layer of the one more case on the pallet. Moreover, the

case layer width is a fourth criterion of the set of criteria. The width for each layer of the one
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or more cases based on factors, such as the dimensions of the cases, the pallet size, and any
operational constraints are used to maximize the use of pallet space while maintaining stability
and accessibility of the plurality of inventory items. As a result, the controller 104 is configured
to determine the case layer width that is further utilized for optimizing the arrangement of the
one or more cases on the pallet of the first autonomous mobile robot 114A thereby ensuring

efficient space utilization, safe transportation, and storage of the warehouse operations.

[034] Furthermore, the controller 104 is configured to generate and communicate a pick
instruction based on the determined pallet loading pattern to the first wearable device 118A
worn by the first operator 116A to pick one or more inventory items and place onto the pallet
of the first autonomous mobile robot 114A based on the determined pallet loading pattern. The
communication of the pick instructions based on the determined pallet loading pattern is used
to provide real-time guidance during the picking process to the first operator 116A. In other
words, thc controller 104 rcccives the order information from the warchousec management
system 106. Thereafter, the controller 104 is configured to communicate the guidance
instructions to the first operator 116A through the first wearable device 118A in order to make
the operator available at the time of arrival of the first autonomous mobile robot 114A. After
that, the controller 104 based on the set of criteria determines the loading pattern for the one or
more cases from the plurality of inventory items. After that, the controller 104 is configured to
generate the pick instruction and further communicate the same to the first operator 116A
through the first wearable device 118A. Moreover, such communication allows the operator,
for example, the first operator 116A to load the pallet of the first autonomous mobile robot
114A without damaging the one or more cases from the plurality of inventory items. As a result,
by generating precise pick instructions, the controller 104 is configured to ensure accurate and
cfficient fulfillment of orders within thc warchouse 110 with cnhanced opcrational accuracy

and supports seamless integration of human and automated workflows.
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[035] In accordance with an embodiment, the controller 104 is further configured to
determine a center-of-mass and a total payload accumulated on each autonomous mobile robot
of the plurality of autonomous mobile robots including the first autonomous mobile robot, and
preconfigure a maximum speed, an acceleration, and a rotation torque for each autonomous
mobile robot based on the detected center-of-mass and the total payload. In an example, the
controller 104 is configured to determine the center-of-mass and the total payload accumulated
on the first autonomous mobile robot 114A and preconfigure the maximum speed, the
acceleration, and the rotation torque for the first autonomous mobile robot 114A based on the
detected center-of-mass and the total payload. Similarly, the controller 104 is configured to
determine the center-of-mass and the total payload accumulated on the n'" autonomous mobile
robot 114N and preconligure the maximum speed, the acceleration, and the rotation torque for
the n™ autonomous mobile robot 114N based on the detected center-of-mass and the total
payload. The controller 104 is configured to adjust the parameters, such as maximum speed to
ensure safe handling, acceleration for efficient movement, and rotation torque for
maneuverability, tailored to the specific load conditions of each of the plurality of autonomous
mobile robots (e.g., the first autonomous mobile robot 114A, the second autonomous mobile
robot 114B, up to the nth autonomous mobile robot 114N) for optimizing the operational
capabilities and safety of each of the plurality of autonomous mobile robot with efficient

movement within the warehouse 110.

[036] In accordance with an embodiment, the controller 104 is further configured to adjust
the maximum speed, acceleration, and rotation torque of each autonomous mobile robot from
the plurality of autonomous mobile robots based on the real-time or near real-time changes in
the center-of-mass as items are added to the pallet during the picking process. The controller
104 is configurcd to monitor the center-of-mass of the loaded pallct and dynamically updates

the movement parameters of the robots to account for the shifting weight, ensuring balanced
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and controlled movement. In an implementation, the controller 104 is configured to determine
the center of mass of the pallet based on the velocity of each of the plurality of autonomous
mobile robots in order to load the pallet and accordingly adjust the velocity profile to ensure
the stability of the system 102. As a result, the controller 104 is configured to improve the
stability and safety of the each of the plurality of autonomous mobile robots thereby preventing
tipping or collisions and allowing for efficient and secure transportation of goods within the

warchouse 110.

[037] In accordance with an embodiment, the controller 104 is further configured to
generate a picking sequence indicative of one or more next pick locations in the first virtual
pick zone 112A or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot 114A based on a set of cost factors. Moreover, the set of cost factors
includes a bot distance cost, a picking cost, an operator travel cost, and a zone current cost. In
an implecmentation, thc controller 104 is configurcd to analyzc thc currcnt statc of the
warehouse 110, such as by utilizing real-time data and algorithms. Thereafter, the controller
104 is configured to calculate optimal paths for the plurality of autonomous mobile robots
based on the specified cost factors. In an example, the set of cost factors includes the bot
distance cost. Moreover, the bot distance cost refers to the amount of time and energy required
for the each of the plurality autonomous mobile robots (e.g., the first autonomous mobile robot
114A, the second autonomous mobile robot 114B, up to the nth autonomous mobile robot
114N) to travel between different locations within the warehouse 110. In another example, the
set of cost factors includes the picking cost. Moreover, the picking cost includes resources
(e.g., time, labor, equipment, and the like) that are required to retrieve the plurality of inventory
items from the storage locations in the warehouse 110. In yet another example, the set of cost
factors includcs the operator travel cost. The operator travel cost refers to the time and cffort

required for the operators (e.g., the first operator 116A up to the nth operator 116N) to move
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between different pick zones or aisles in the warehouse 110. In an implementation, the set of
cost factors includes the zone current cost. The zone current cost refers to the current
operational load and efficiency of a specific pick zone within the warehouse 110. The set of
cost factors is used to ensure that the plurality of inventory items is picked in a sequence that
minimizes overall travel distance, reduces operational time, and enhances the overall

productivity of the system 102, such as by prioritizing and streamlining the picking process.

[038] In accordance with an embodiment, the controller 104 is further configured to
monitor the progress of a plurality of picking tasks in the plurality of virtual pick zones in the
warehouse 110 and adjust the assignment of the plurality of picking tasks to the plurality of
autonomous mobile robots in a real-time or near real-time based on a bot operational state of
the plurality of autonomous mobile robots and an operator operational state received from each
of a plurality of wearable devices worn by a corresponding operator. The controller 104 is
configurcd to reccive information from the wearable devices worn by the plurality of opcrators,
for example, the first wearable device 118A worn by the first operator 116A in order to
determine the current status of each picking task and the overall workload distribution across
the warehouse 110. Moreover, the monitoring of the plurality of picking tasks is used to
maintain the operational efficiency of the system 102, such as by identifying bottlenecks or
delays and taking corrective actions. As a result, by monitoring and adjusting task assignments
based on real-time data, the controller 104 enhances operational efficiency, adapts to changing

conditions, and ensures smooth workflow orchestration in warehouse environments.

[039] In accordance with an embodiment, the controller 104 is further configured to
determine picking paths and assignments based on the specific capabilities of each of the
plurality of autonomous mobile robots including utilizing extended fork capabilities for picking

multiple pallets or roll cages simultancously. The controller 104 is configurcd to cvaluate
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unique features for each robot, such as extended fork capabilities, and assigns tasks and routes
that leverage the unique features of each of the plurality of autonomous mobile robots to handle
multiple items simultaneously, thereby streamlining the picking process. In an implementation,
the controller 104 is configured to identify the unique features for each of the autonomous
mobile robot, such as the first autonomous mobile robot 114A with varying technological
capabilities that helps to unravel new use cases by utilizing the same software stack. For
example, an autonomous mobile robot with extended fork can be configured to pick the one or
more cases together and accordingly plan the pick path of each of the plurality of autonomous
mobile robots to allow the plurality of autonomous mobile robots to provide a pallet agnostic
solutions. As a result, the controller 104 is configured to optimize picking paths and
assignments based on robol capabilities enhances efliciency, reduces travel time, and
maximizes the use of available resources in the warehouse 110 thereby reducing overall picking

time and improving throughput.

[040] In accordance with an embodiment, the controller 104 is further configured to
generate a plurality of picking paths for the plurality of autonomous mobile robots and a
plurality of operators based on grouping orders based on the proximity and similarity of
inventory items in different orders, determining a minimum number of consecutive aisles
required to fulfill the grouped orders and enabling concurrent selection of multiple pallets or
roll cages and minimizing a total travel distance and a total time required to complete a given
picking task. Firstly, the controller 104 is configured to generate a plurality of picking paths
for the plurality of autonomous mobile robots and a plurality of operators based on grouping
orders based on the proximity and similarity of inventory items in different orders. Thereafter,
the controller 104 is configured to determine the minimum number of consecutive aisles
required to fulfill the grouped orders and cnable concurrent sclection of multiple pallets or roll

cages. Furthermore, the controller 104 is configured to minimize the total travel distance and
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the total time required to complete a given picking task. The controller 104 is configured to
analyze the order information in order to identify groups of orders with similar inventory item
types or locations. In an implementation, the controller 104 is configured to calculate the
optimal paths that each of the plurality of autonomous mobile robots and the plurality of
operators should follow to fulfill the grouped orders efficiently. Moreover, such calculation
includes the determination of the minimum number of consecutive aisles needed, enabling
simultaneous selection of multiple pallets or roll cages, and optimizing the overall travel
distance and time. As a result, by grouping orders based on proximity and similarity of
inventory items, and considering aisle requirements and pallet handling capabilities, the

controller 104 is configured to minimize travel distances and time spent on each picking task.

[041] In accordance with an embodiment, the controller 104 is further configured to
render a user interface (UI) on the first wearable device 118 A worn by the first operator 116A
to allow a uscr input corrcsponding to flagging the pallct for an audit using the UI when the
first operator 116A detects an anomaly during the picking process. When the first operator
116A notices a discrepancy, such as damaged items, incorrect quantities, or misplaced
products, then, in that case, the first operator 116A is configured to utilize the UI of the
wearable device worn by the first operator 116A to input a specific command that marks the
respective pallet for an audit and thereby ensure that any potential errors are promptly
addressed and resolved. Example of the Ul on the first wearable device 118A worn by the first
operator 116A to allow a user input corresponding to flagging the pallet for an audit using the
UI when the first operator 116A detects an anomaly during the picking process is described
and shown in detail in FIG. 3. As a result, the controller 104 is configured to handle reported
anomalies thereby facilitating prompt investigation and resolution in order to ensure that

rigorous quality control standards arc maintaincd.
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[042] Advantageously, the system 102 of the warehouse Orchestration for inventory
picking and fulfillment provides real-time or near real-time order processing and efficient
distribution of tasks across the plurality of virtual pick zones in order to enhance order accuracy
and speed. The system 102 effectively coordinates with the plurality of autonomous mobile
robots and human operators, leading to optimized workflow and reduced bottlenecks.
Moreover, by utilizing location data, and pre-defined pathways, the system 102 is configured
to ensure precise navigation and task assignment for the plurality of autonomous mobile robots.
Additionally, the controller 104 is configured to generate detailed pick instructions and pallet
loading patterns based on the set of criteria thereby improving space utilization and preventing
damage to the plurality of inventory items. The system 102 is configured to adjust the
operational parameters ol each ol the autonomous mobile robots based on load conditions and
continuously monitors picking tasks, making real-time adjustments to maintain efficiency with
improved operational efficiency, safe handling of goods, and seamless collaboration between

the plurality of autonomous mobile robots and human operators.

[043] FIG. 1B is a block diagram that illustrates various exemplary components of a
system, in accordance with an embodiment of the present disclosure. FIG. 1B is described in
conjunction with elements from FIG. 1A. With reference to FIG. 1B, there is shown a block
diagram 100B that includes the system 102. The system 102 includes the controller 104, a

network interface 120, and a memory 122,

[044] The network interface 120 may include hardware or software that is configured to
establish communication between the controller 104 and the memory 122. Examples of the
network interface 120 may include but are not limited to a computer port, a network socket, a

network interface controller (NIC), and any other network interface device.
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[045] The memory 122 is configured to store the order information, such as the
information related to orders, executions, inventory items, and the like that is received from the
warehouse management system 106. Examples of implementation of the memory 122 may
include but are not limited to, Electrically Erasable Programmable Read-Only Memory
(EEPROM), Dynamic Random-Access Memory (DRAM), Random Access Memory (RAM),
Read-Only Memory (ROM), Hard Disk Drive (HDD), Flash memory, a Secure Digital (SD)
card, Solid-State Drive (SSD), and/or CPU cache memory. Advantageously, the system 102
enables efficient communication and storage of order and the plurality of inventory data,
enhancing the overall functionality and performance of the system 102 for warechouse

Orchestration.

[046] FIG. 2 is a diagram that illustrates a warehouse including a plurality of operators
and a plurality of virtual pick zones, in accordance with an embodiment of the present
disclosurc. FIG. 2 is described in conjunction with clements from FIGs. 1A and 1B. With
reference to FIG. 2, there is shown a diagram 200 that includes the warehouse 110 having the
plurality of autonomous mobile robots (e.g., the first autonomous mobile robot 114A, the
second autonomous mobile robot 114B, and a third autonomous mobile robot 206), the
plurality of virtual pick zones (e.g., the first virtual pick zone 112A up to the nth virtual pick
zone 112N), and the plurality of operators (e.g., the first operator 116A up to the nth operator

116N).

[047] In an implementation scenario, the warehouse 110 includes the plurality of virtual
zones, such as the first virtual pick zone 112A up to the nth virtual pick zone 112N where the
plurality of inventory items is stalked. The controller 104 of the system 102 cause the first
autonomous mobile robot 114A of the plurality of plurality of autonomous mobile robots to

movc to the first virtual pick zonc 112A of the plurality of virtual pick zones. Similarly, the
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other autonomous mobile robots, such as the second autonomous mobile robot 114B, up to the
nth autonomous mobile robot 114N are caused by the controller 104 to move to the
corresponding virtual pick zones, such as a second virtual pick zone 202A, a third virtual pick
zone 202B, and a fourth virtual pick zone 202C of the plurality of virtual pick zones. In
addition, the plurality of autonomous mobile robots is configured to move to the plurality of
virtual pick zone based on the plurality of inventory items that are required by the plurality of
autonomous mobile robots to be loaded on the respective pallets based on the order information
received by the controller 104 and the pallet loading pattern. Moreover, the plurality of
operators, such as the first operator 116A up to the nth operator 116N are guided through the
guidance instruction, which is communicated through the wearable devices worn by each of
the plurality of operators. For example, the [irst wearable device 118A is worn by the [irst
operator 116A to guide the first operator 116A to be available at the first virtual pick zone
112A through the guidance instructions sent by the controller 104. Similarly, a second
wearable device is worn by a second operator 204A, and a third wearable device is worn by a
third operator 204B to be available at the first virtual pick zone 112A, a second virtual pick
zone 202A, a third virtual pick zone 202B, and a fourth virtual pick zone 202C respectively
through the guidance instructions sent by the controller 104. Advantageously, the coordinated
movements of the plurality of autonomous mobile robots and the plurality of operators
enhances the operational efficiency, optimizes the task allocation, and improves the

coordination between the plurality of operators and the plurality of autonomous robots.

[048] FIG. 3 is a diagram that depict an exemplary user interface (UI) of a wearable device
illustrating real-time or near real-time interaction of an operator with a controller of a system
warehouse orchestration for inventory picking and fulfilment, in accordance with an
cmbodiment of the present disclosurc. FIG. 3 is described in conjunction with clements from

FIGs. 1A, 1B, and 2. With reference to FIG. 3, there is shown a diagram 300 that depicts an
20



exemplary illustration of a user interface (UI) 304 of a wearable device 302 worn by an operator
to allow a user input corresponding to flagging the pallet for an audit using the Ul 304 when

the operator, such as the first operator 116A detects an anomaly during the picking process.

[049] In an exemplary scenario, with reference to FIG. 3, there is shown another
exemplary illustration 300 that depicts the UI 304 of the wearable device 302 worn by one of
the plurality of operators. For example, the UI of the first wearable device 118A worn by the
first operator 116A. In an implementation, the wearable device 302 includes any device that is
capable of displaying information in a human-readable format, such as a smart-watch,
computer monitor, a tablet, or a smartphone that can be worn by each of the plurality of
operators individually. The user interface 304 is a visual interface used to display any ongoing
event related to the order information, plurality of inventory items, guidance instructions, and
the pallet loading instruction. For example, the Ul 304 displays the information, such as
uscrname, Uscr 1D, inventory ID, Inventory name, quantity, raisc cxccption, scan item,
location, and the like. In an implementation, the controller 104 is configured to render the Ul
304 on the first wearable device 118A worn by the first operator 116A to allow user input
corresponding to flagging the pallet for an audit using the UI 304 when the first operator 116A
detects an anomaly during the picking process in order to ensure that any discrepancies, such
as damaged items, incorrect quantities, or misplaced products, are promptly addressed,
maintaining high standards of accuracy and quality control in the warehouse operations. The
operator, such as the first operator 116A, upon noticing an anomaly, can use the UI 304 on the
wearable device 302 to input specific command that marks the respective pallet for an audit,
for example, raise exception command. Moreover, such input command triggers the controller
104 to flag the pallet for further inspection and resolution. Therefore, by enabling immediate

anomaly reporting and flagging through the wcarable device 302, the system 102 facilitatcs
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prompt investigation and resolution of issues, ensuring rigorous quality control and minimizing

disruptions in the picking process.

[050] FIG. 4A and FIG. 4B illustrate an autonomous mobile robot equipped with a user
interface (UI) screen and control mechanisms, in accordance with an embodiment of the
present disclosure. With reference to FIG. 4A, there is shown a diagram 400A that depicts an
exemplary implementation of the first autonomous mobile robot 114A that is configured to
move to the plurality of virtual pick zones and allow the operators to load the pallet of the first
autonomous mobile robot 114A based on the pallet loading pattern. Furthermore, with
reference to FIG. 4B, there is shown another implementation of the first autonomous mobile
robot 114A that includes extended forks configured to load one or more inventory items based

on the order information received from the warehouse management system 106.

[051] In an implementation scenario, each of the plurality of autonomous mobile robot,
such as the first autonomous mobile robot 114A is used for warehouse operations in order to
assist the plurality of operators with tasks, such as picking, transporting, and managing
inventory items. The controller 104 is configured to cause the first autonomous mobile robot
114A f(rom the plurality of plurality of autonomous mobile robots to move (o the [irst virtual
pick zone 112A of the plurality of virtual pick zones. The first autonomous mobile robot 114A
is configured to boost the overall productivity of the system 102 through reduced operator
walking time, improved picking ergonomics, and enhanced employee satisfaction at minimal
cost. The system 102 allows a fast ramp-up and go-live within days or weeks without the need
for extensive operator training, fencing, or barcode downtime and also provides a quick
payback period and high return on investment (ROI), with the expected total cost of ownership

(TCO) reduction ranging from 25% to 40%. Additionally, the system 102 is configured to
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handle multiple types of pallets within the warehouse 110 thereby accommodating diverse

operational needs.

[052] FIGs. 5A, 5B, and 5C are diagrams that illustrate a process of layering and
palletization in a warehouse management system for optimized inventory picking and
fulfillment, in accordance with an embodiment of the present disclosure. With reference to
FIG. 5A, there is shown a diagram S00A that depicts an initial layer of the one or more
inventory items placed on a pallet of the first autonomous mobile robot 114A from the plurality
of autonomous mobile robots. Furthermore, with reference to FIG. 5B, there is shown a
diagram 500B that depicts an addition of a second layer of one or more inventory items that
are placed on the initial layer of the one or more inventory items. In addition, with reference to
FIG. 5C, there is shown a diagram S00C that depicts a third layer of one or more inventory

items that are placed on the second layer of inventory items, completing the pallet load.

[053] In an implementation scenario, the controller 104 of the system 102 is configured
to determine a pallet loading pattern indicative of a distribution of the plurality of inventory
items in one or more cases and a stacking of the one or more cases in one or more layers, such
as the initial layer, the second layer, and the third layer on the pallet of the [(irst autonomous
mobile robot 114A. The operator, such as the first operator 116A is instructed to load the pallet
of the first autonomous mobile robot 114A with one or more inventory items according to the
loading pattern, which is determined by the controller 104 based on the set of criteria, such as
a pallet and case volume, a case density and an item crushability, a case stacking height for
each layer, a case layer width for each layer, and the like thereby ensuring that the heavier
items are at the bottom and lighter, more fragile items are on top. Additionally, the placement

of one or more case of the one or more inventory items provides an optimized space utilization
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thereby ensuring the safety of the plurality of inventory items during transport and enhances

overall loading efficiency.

[054] FIGs. 6A, 6B, and 6C are diagrams that illustrate different configurations of items
loaded on an autonomous mobile robot based on center of mass, in accordance with an
embodiment of the present disclosure. With reference to FIG. 6A there is shown a diagram
600A of a side view of the first autonomous mobile robot 114A. Similarly, with reference to
F1G. 6B, there is shown a diagram 600B of a front view of the first autonomous mobile robot
114A and with reference to FIG. 6C, there is shown a diagram 600C of a top view of the first

autonomous mobile robot 114A with one or more inventory items placed on the pallet.

[055] In an exemplary scenario, the controller 104 is configured to determine the center
of mass for each of the one or more inventory items, such as a first center of mass 602A of a
first inventory item 604A, a second center of mass 602B of a second inventory item 604B, and
a third center of mass 602C of a third inventory item 604C loaded on the first autonomous
mobile robot 114A along with the center of mass 608 of a pallet 606. In an implementation,
the controller 104 is configured to determine a center-of-mass and a total payload accumulated
on each autonomous mobile robot of the plurality ol autonomous mobile robot including the
first autonomous mobile robot and preconfigure a maximum speed, an acceleration, and a
rotation torque for each autonomous mobile robot based on the detected center-of-mass and the
total payload. As a result, by monitoring and adjusting for the center of mass and payload, the
controller 104 is configured to optimize the performance of the first autonomous mobile robot

114A and ensure safe transport of the loaded one or more inventory items.

[056] FIG. 7 is a flowchart of a method of warehouse orchestration for inventory picking
and fulfilment, in accordance with an embodiment of the present disclosure. FIG. 7 is described

in conjunction with elements from FIGs. 1A, 1B, up to 6. With reference to FIG. 7, there is
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shown a flowchart of a method 700 that includes the steps 702-to-712. The controller 104 (of

FIG. 1A) is configured to execute the method 700.

[057] There is provided the method 700 of warehouse orchestration for inventory picking
and fulfilment. The method 700 is used to provide a real-time or near real-time order processing
and distribution with efficient allocation and management of orders across the plurality of
virtual pick zones. Furthermore, the method 700 is used to establish an improved and reliable
coordination of the plurality of autonomous mobile robots and human operators to enhance the

operational efficiency of the warechouse 110 along with safe and efficient stacking.

[058] At 702, the method 700 includes receiving order information from a warehouse
management system 106. The order information received by the controller 104 from the
warehouse management system 106 should include information associated with the order, such
as order ID, customer information, product details, quantity, inventory location, priority level,
delivery date, handling instructions, and the like. The retrieval of the order information from
the warehouse management system 106 is used to ensure that the plurality of orders that are to

be fulfilled through the warehouse 110 can be fulfilled accurately and efficiently.

[059] AL 704, the method 700 includes allocating and distributing a plurality of orders
across a plurality of virtual pick zones in the warehouse 110 based on a real-time or near real-
time demand and pick capacity and the received order information. As a result, the method 700
is used to optimize the workflow, reducing bottlenecks, and improving the overall operational

efficiency of the warehouse.

[060] At 706, the method 700 includes causing the first autonomous mobile robot 114A
of a plurality of plurality of autonomous mobile robots to move to a first virtual pick zone 112A

of the plurality of virtual pick zones. The assignment of the right autonomous mobile robot to
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the correct virtual pick zone to efficiently carry out the picking tasks. Moreover, such
coordination is essential for optimizing the workflow within the warehouse 110 thereby

ensuring that the picking process is streamlined and efficient.

[061] At 708, the method 700 includes communicating a guidance instruction to the first
wearable device 118A worn by the first operator 116A to guide the first operator 116A to be
available at the first virtual pick zone 112A. The communication of the guidance instruction to
the first wearable device 118A is used to ensure that the first operator 116A is in the correct
location to assist with inventory picking, thus facilitating efficient collaboration between
autonomous robots and human operators, such as between the first operator 116A and the first

autonomous mobile robot 114A.

[062] At 710, the method 700 includes determining a pallet loading pattern indicative of
a distribution of a plurality of inventory items in one or more cases and a stacking of the one
or more cases in one or more layers on a pallet of the first autonomous mobile robot 114A,
based on the set of criteria. Moreover, the set of criteria includes at least a first criterion of a
case density with respect to an item crushability parameter. The pallet loading pattern
indicative of the distribution of the plurality of inventory items in one or more cases and the
stacking of the one or more cases in one or more layers on a pallet of the first autonomous
mobile robot 114A optimizes the space utilization and ensures the safety of the plurality of
inventory items during transportation that helps the first operator 116A to prevent any damage
to the goods, maintain the integrity of the fragile items, and enhances the overall efficiency of

the loading process.

[063] In accordance with an embodiment, the method 700 includes determining, by the
controller 104 a pallet volume and a case volume for items to be picked, wherein a

compatibility of the pallet volume and the case volume is a second criterion of the set of criteria.
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The second criterion is used to determine the loading pattern in order to check for any
overhangs, wasted space, or imbalances that could affect the stability and safety of the
inventory items placed on the pallet along with the pallet. Moreover, the second criterion,
which is the determination of the compatibility between the pallet volume and the case volume
is used to optimize space utilization, maintain balance, and prevent damage during the
transportation of the plurality of inventory items thereby improving the overall efficiency of

the inventory storage and handling processes within the warehouse 110.

[064] In accordance with an embodiment, the method 700 includes determining by the
controller 104, a case stacking height for each layer of the one or more cases on the pallet,
wherein the case stacking height is a third criterion of the set of criteria. In an implementation,
the controller 104 is configured to determine the optimal stacking height for each layer on the
pallet by analyzing the dimensions, weight, and stability of the cases. Moreover, the
dectermination of the correct casc stacking height is uscd to maintain the structural intcgrity of
the stacked items thereby optimizing the storage capacity and ensuring safe handling and
transportation of the plurality of inventory items. In addition, the stacking height of the one or

more cases is used to prevent damage to the one or more cases during warehouse operations.

[065] In accordance with an embodiment, the method 700 includes determining, by the
controller 104, a case layer width for each layer of the one more cases on the pallet, wherein
the case layer width is a fourth criterion of the set of criteria. The width for each layer of the
one or more cases based on factors, such as the dimensions of the cases, the pallet size, and any
operational constraints are used to maximize the use of pallet space while maintaining stability
and accessibility of the plurality of inventory items. As a result, the method 700 is used to

determine the case layer width that is further utilized for optimizing the arrangement of the one
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or more cases on the pallet of the first autonomous mobile robot 114A thereby ensuring

efficient space utilization, safe transportation, and storage of the warehouse operations.

[066] At 712, the method 700 includes generating and communicating a pick instruction
based on the determined pallet loading pattern to the first wearable device 118A worn by the
first operator 116A to pick one or more inventory items and place onto the pallet of the first
autonomous mobile robot 114A based on the determined pallet loading pattern. The
communication of the pick instructions based on the determined pallet loading pattern is used
to provide real-time guidance during the picking process to the first operator 116A. As a result,
by generating precise pick instructions, the controller 104 is configured to ensure accurate and
efficient fulfillment of orders within the warehouse 110 with enhanced operational accuracy

and supports seamless integration of human and automated workflows.

[067] In accordance with an embodiment, the method 700 includes determining, by the
controller 104, a center-of-mass and a total payload accumulated on each autonomous mobile
robot of the plurality of autonomous mobile robot including the first autonomous mobile robot
and preconfiguring, by the controller 104, a maximum speed, an acceleration, and a rotation
torque [or each autonomous mobile robot based on the detected center-of-mass and the total
payload. In an example, the controller 104 is configured to determine the center-of-mass and
the total payload accumulated on the first autonomous mobile robot 114A and preconfigure the
maximum speed, the acceleration, and the rotation torque for the first autonomous mobile robot
114A based on the detected center-of-mass and the total payload. Similarly, the controller 104
is configured to determine the center-of-mass and the total payload accumulated on the n'
autonomous mobile robot 114N and preconfigure the maximum speed, the acceleration, and
the rotation torque for the n® autonomous mobile robot 114N based on the detected center-of-

mass and the total payload. The controller 104 is configurcd to adjust the paramectcers, such as
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maximum speed to ensure safe handling, acceleration for efficient movement, and rotation
torque for maneuverability, tailored to the specific load conditions of each of the plurality of
autonomous mobile robots (e.g., the first autonomous mobile robot 114A, the second
autonomous mobile robot 114B, up to the nth autonomous mobile robot 114N) for optimizing
the operational capabilities and safety of each of the plurality of autonomous mobile robot with

efficient movement within the warehouse 110.

[068] In accordance with an embodiment, the method 700 includes monitoring, by the
controller 104, a progress of a plurality of picking tasks in the plurality of virtual pick zones in
the warehouse and adjusting, by the controller, assignment of the plurality of picking tasks to
the plurality of autonomous mobile robots in a real-time or near real-time based on a bot
operational state of the plurality of autonomous mobile robots and an operator operational state
received from each of a plurality of wearable devices worn by a corresponding operator. As a
result, by monitoring and adjusting task assignments bascd on recal-time data, the controller 104
enhances operational efficiency, adapts to changing conditions, and ensures smooth workflow

orchestration in warehouse environments.

[069] In accordance with an embodiment, the method 700 includes generating, by the
controller 104, a picking sequence indicative of one or more next pick locations in the first
virtual pick zone or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot based on a set of cost factors, and wherein the set of cost factors
comprises a bot distance cost, a picking cost, an operator travel cost, and a zone current cost.
The zone current cost refers to the current operational load and efficiency of a specific pick
zone within the warehouse 110. The set of cost factors is used to ensure that the plurality of

inventory items is picked in a sequence that minimizes overall travel distance, reduces
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operational time, and enhances the overall productivity of the system 102, such as by

prioritizing and streamlining the picking process.

[070] Advantageously, the method 700 of the warehouse Orchestration for inventory
picking and fulfillment provides real-time or near real-time order processing and efficient
distribution of tasks across the plurality of virtual pick zones in order to enhance order accuracy
and speed. The method 700 effectively coordinates with the plurality of autonomous mobile
robots and human operators, leading to optimized workflow and reduced bottlenecks.
Moreover, by utilizing location data, and pre-defined pathways, the system 102 is configured
to ensure precise navigation and task assignment for the plurality of autonomous mobile robots.
Additionally, the controller 104 is configured to generate detailed pick instructions and pallet
loading patterns based on the set of criteria thereby improving space utilization and preventing
damage to the plurality of inventory items. The system 102 is configured to adjust the
opcrational paramcters of cach of the autonomous mobilc robots bascd on load conditions and
continuously monitors picking tasks, making real-time adjustments to maintain efficiency with
improved operational efficiency, safe handling of goods, and seamless collaboration between

the plurality of autonomous mobile robots and human operators.

[071] Certain embodiments of the disclosure may be found in a system of warehouse
management for replenishing and picking inventory in the forward pick area 104. Various
embodiments of the disclosure may provide the system that includes the warehouse
management server 108. While the present disclosure is described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may be
made, and equivalents may be substituted without departing from the scope of the present
disclosure. Additionally, many modifications may be made to adapt a particular situation or

matcrial to the tcachings of the present disclosurc without departing from its scope. Thercfore,
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it is intended that the present disclosure is not limited to the particular embodiment disclosed,
but that the present disclosure will include all embodiments that fall within the scope of the
appended claims. Equivalent elements, materials, processes, or steps may be substituted for
those representatively illustrated and described herein. Moreover, certain features of the
disclosure may be utilized independently of the use of other features, all as would be apparent

to one skilled in the art after having the benefit of this description of the disclosure.
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[072] As used herein, the terms “comprises,” “comprising,” “includes,” “including,”
“has,” “having” or any contextual variants thereof, are intended to cover a non-exclusive
inclusion. For example, a process, product, article, or apparatus that comprises a list of elements
is not necessarily limited to only those elements but may include other elements not expressly
listed or inherent to such process, product, article, or apparatus. Further, unless expressly stated
to the contrary, “or” refers to an inclusive or and not to an exclusive or. For example, a
condition “A or B” is satisfied by any one of the following: A is true (or present), and B is false
(or not present), A is false (or not present) and B is true (or present), and both A and B is true
(or present).

[073] Although the steps, operations, or computations may be presented in a specific
order, this order may be changed in different embodiments. In some embodiments, to the extent
multiple steps are shown as sequential in this specification, some combination of such steps in
alternative embodiments may be performed at the same time. The sequence of operations
described herein can be interrupted, suspended, reversed, or otherwise controlled by another
process. It will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integraled manner, or even
removed or rendered as inoperable in certain cases, as is useful in accordance with a particular

application.
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CLAIMS

‘What is claimed is:

1. A system of warechouse orchestration for inventory picking and fulfillment, the system

comprising:

a controller configured to:

receive order information from a warehouse management system;

allocate and distribute a plurality of orders across a plurality of virtual
pick zones in a warchouse based on a real-time or near real-time demand
and pick capacity and the received order information;

cause a first autonomous mobile robot of a plurality of plurality of
autonomous mobile robots to move to a first virtual pick zone of the plurality
of virtual pick zones;

communicatc a guidancc instruction to a first wecarable device worn by
a first operator to guide the first operator to be available at the first virtual
pick zone; and

determine a pallet loading pattern indicative of a distribution of a
plurality of inventory items in one or more cases and a stacking of the one
or more cases in one or more layers on a pallet of the first autonomous
mobile robot, based on a set of criteria, wherein the set of criteria comprises
at least a first criterion of a case density with respect to an item crushability
parameter; and

generate and communicate a pick instruction based on the determined
pallet loading pattern to the first wearable device worn by the first operator
to pick onc or morc inventory items and placc onto the pallet of the first

autonomous mobile robot based on the determined pallet loading pattern.
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2. The system according to claim 1, wherein the guidance instruction comprises an
expected time of arrival of the first autonomous mobile robot to the first virtual pick zone

and a location of arrival of the first autonomous mobile robot in first virtual pick zone.

3. The system according to claim 1, wherein the controller is further configured to
determine the set of criteria that are specific for each pallet of each autonomous mobile

robot of the plurality of plurality of autonomous mobile robots.

4. The system according to claim 1, wherein the controller is further configured to
determine a pallet volume and a case volume for items to be picked, wherein a compatibility

of the pallet volume and the case volume is a second criterion of the set of criteria.

5. The system according to claim 1, wherein the controller is further configured to
determine a case stacking height for each layer of the one or more cases on the pallet,

wherein the case stacking height is a third criterion of the set of criteria.

6. The system according to claim 1, wherein the controller is further configured to
determine a case layer width for each layer of the one more cases on the pallet, wherein the

case layer width is a fourth criterion of the set of criteria.

7. The system according to claim 1, wherein the controller is further configured to:
determine a center-of-mass and a total payload accumulated on each
autonomous mobile robot of the plurality of autonomous mobile robot including the
first autonomous mobile robot; and
preconfigure a maximum speed, an acceleration, and a rotation torque for each

autonomous mobile robot based on the detected center-of-mass and the total payload.



8. The system according to claim 7, wherein the controller is further configured to adjust
the maximum speed, acceleration, and rotation torque of each autonomous mobile robot
from the plurality of autonomous mobile robots based on the real-time or near real-time

changes in the center-of-mass as items are added to the pallet during the picking process.

9. The system according to claim 1, wherein the controller is further configured to
generate a picking sequence indicative of one or more next pick locations in the first virtual
pick zone or one or more next pick locations in a next virtual pick zone for the first
autonomous mobile robot based on a set of cost factors, and wherein the set of cost factors
comprises a bot distance cost, a picking cost, an operator travel cost, and a zone current

COst.

10. The system according to claim 1, wherein the controller is further configured to monitor
a progress of a plurality of picking tasks in the plurality of virtual pick zones in the
warchouse and adjust assignment of the plurality of picking tasks to the plurality of
autonomous mobile robots in a real-time or near real-time based on a bot operational state
of the plurality of autonomous mobile robots and an operator operational state received

[rom each of a plurality ol wearable devices worn by a corresponding operator.

11. The system according to claim 10, wherein the controller is further configured to
dectermine picking paths and assignments bascd on the specific capabilitics of cach of the
plurality of autonomous mobile robots including utilizing extended fork capabilities for

picking multiple pallets or roll cages simultaneously.

12. The system according to claim 1, wherein the controller is further configured to
generate a plurality of picking paths for the plurality of autonomous mobile robots and a

plurality of operators based on:



grouping orders based on a proximity and similarity of inventory items in different
orders,
determining a minimum number of consecutive aisles required to fulfill the grouped
orders; and
enabling concurrent selection of multiple pallets or roll cages; and
minimizing a total travel distance and a total time required to complete a given picking

task.

13. The system according to claim 1, wherein the controller is further configured to render
a user interface (UI) on the first wearable device worn by the first operator to allow a user
input corresponding to flagging the pallet for an audit using the UI when the first operator

detects an anomaly during the picking process.

14. A method of warehouse orchestration for inventory picking and fulfilment, the method
comprising:

receiving, by a controller, order information from a warehouse management
system;

allocatling and distributing, by the controller, a plurality of orders across a plurality
of virtual pick zones in a warehouse based on a real-time or near real-time demand and pick
capacity and the received order information;

causing, by the controller, a first autonomous mobile robot of a plurality of plurality
of autonomous mobile robots to move to a first virtual pick zone of the plurality of virtual
pick zones;

communicating, by the controller, a guidance instruction to a first wearable device
worn by a first operator to guide the first operator to be available at the first virtual pick

zonc; and



determining, by the controller, a pallet loading pattern indicative of a distribution
of a plurality of inventory items in one or more cases and a stacking of the one or more
cases in one or more layers on a pallet of the first autonomous mobile robot, based on a set
of criteria, wherein the set of criteria comprises at least a first criterion of a case density
with respect to an item crushability parameter; and

generating and communicating, by the controller, a pick instruction based on the
determined pallet loading pattern to the first wearable device worn by the first operator to
pick one or more inventory items and place onto the pallet of the first autonomous mobile

robot based on the determined pallet loading pattern.

15. The method according to claim 14, further comprising determining, by the controller, a
pallet volume and a case volume for items to be picked, wherein a compatibility of the

pallet volume and the case volume is a second criterion of the set of criteria.

16. The method according to claim 14, further comprising determining, by the controller, a
case stacking height for each layer of the one or more cases on the pallet, wherein the case

stacking height is a third criterion of the set of criteria.

17. The method according o claim 12, (urther comprising determining, by the controller, a
case layer width for each layer of the one more cases on the pallet, wherein the case layer

width is a fourth critcrion of the sct of criteria.

18. The method according to claim 14, further comprising:
determining, by the controller, a center-of-mass and a total payload accumulated
on each autonomous mobile robot of the plurality of autonomous mobile robot

including the first autonomous mobile robot; and



preconfiguring, by the controller, a maximum speed, an acceleration, and a
rotation torque for each autonomous mobile robot based on the detected center-of-mass
and the total payload.

19. The method according to claim 14, further comprising generating, by the controller, a
picking sequence indicative of one or more next pick locations in the first virtual pick zone
or one or more next pick locations in a next virtual pick zone for the first autonomous
mobile robot based on a set of cost factors, and wherein the set of cost factors comprises a

bot distance cost, a picking cost, an operator travel cost, and a zone current cost.

20. The method according to claim 14, further comprising monitoring, by the controller, a
progress of a plurality of picking tasks in the plurality of virtual pick zones in the warehouse
and adjusting, by the controller, assignment of the plurality of picking tasks to the plurality
of autonomous mobile robots in a real-time or near real-time based on a bot operational
statc of thc plurality of autonomous mobilc robots and an opcrator opcrational statc

received from each of a plurality of wearable devices worn by a corresponding operator.



ABSTRACT

A systcm of warchousc orchestration for inventory picking and fulfilment comprising a
controller configured to receive order information from warchouse management system
(WMS), allocate and distribute a plurality of orders across a plurality of virtual pick zones
based on real-time or near real-time demand, pick capacity and received order information.
Cause first autonomous mobile robot to move to first virtual pick zone of plurality of virtual
pick zones, communicate guidance instruction to first operator to guide first operator to be
available at first virtual pick zone and determine pallet loading pattern indicative of distribution
of plurality of inventory items in one or more cases and stacking of the one or more cases in
one or more layers based on a set of criteria and communicate pick instruction to first operator
to pick one or more inventory items and place onto the pallet of the first autonomous mobile

robot.

FIG.1A
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that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ARCGR.7979.USU1

Application Data Sheet 37 CFR 1.76

Application Number

SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED INVENTORY PICKING

Title of Invention AND FULFILLMENT

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ARCGR.7979.USU1

Application Data Sheet 37 CFR 1.76 —
Application Number

SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED INVENTORY PICKING

Title of Invention AND FULFILLMENT

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name Grey Orange Inc.

Mailing Address Information For Applicant:

Address 1 Northmeadow Business Park

Address 2 660 Hembree Park Drive, Suite 120

City Roswell State/Province GA
Country | Us Postal Code 30076
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | ARCGR.7979.USU1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED INVENTORY PICKING
AND FULFILLMENT

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.
Organization Name

Grey Orange Inc.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 Northmeadow Business Park

Address 2 660 Hembree Park Drive, Suite 120

City Roswell State/Province GA
Countryi us Postal Code 30076

Phone Number

Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/GCZ44004/ Date (YYYY-MM-DD)| 2024-07-02

First Name | Geza Last Name Ziegler Registration Number | 44004

Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number | ARCGR.7979.USU1

Application Data Sheet 37 CFR 1.76

Application Number

SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED INVENTORY PICKING

Title of Invention AND FULFILLMENT

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecordin this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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PTO/AIA/SN{G7-17)
Approved for use through 09/30/2025. OMB 96510033
LS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no person is reguired to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73{c}.

| hereby appoint:

X Practitioners associated with Customer Number: | QRE82

OR

Practitioner{s) named below {if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Registration
Name BETET Mame e
Number Number

As attorney(s} or agent{s) 1o represent the undersignad before the United States Patent and Traderark Office {USPTO} in connection with
any and alf patent applications assigned gnly to the undersigned according to the USFTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(¢).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73{c) to:

The address associated with Customer Number: 93582

OR

-------- Firm or individual name
Address
City State Zip
Country
Telephone Email

Assignee name and address: N
Grey Grange Inc.
Northmeadow Business Park, 880 Hembree Park Drive, Suite 120, Roswall, GA 30078

[wlt

A copy of this form, together with a statement under 37 CFR 3.73{c} {Form PTG/AIA/SE or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73{c} may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
e DOCUS . SIGNATURE of Assignee of Record
o ocuSighed by:
THe individyal whose signature and title is supplied below Is suthorized to act on behalf of the assignee.
Draf Ealman Nate 6/27/2024
e AQEESTEQIRNALD )

Name Brad Eastman Telephone
Title Vice President - General Counssl

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for faliure to comply with an
Act of 1995, unless th armation collection has a currently valid OMB Control
fublic burden for this form is estimsted to average 18 minutes per response,

H
i i
Signature L

DS

[V
o~

N ——

information collection subject to the requirements of the Paperwork Reduction

Number, The OMB Control Number for this information collection is ¢
inchuding the time for reviewing instructions, searching exis ng and maintaining the data needed, snd completing and reviewing the

stions for reducing this

information collection. Send comments regarding this burden estimate or any cther aspect of this information coliection, including s
burden Lo the f Administrative Officer, United States Patent and Trademark Office, P.0O. Box 1459, Alexandria, VA 22313-145G or it

Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
i vou need gssistance in completing the form, coll 1-800-PTQ-9158 and sefect aption 2.
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Privacy Act Statement

The Privacy Act of 1874 (P L. 93-579) requires that you be given certain information in connection with your
submission of the attached form relatad to a patent application or patent. The United States Patent and
Trademark Office (USPTO) coliects the information in this record under authority of 35 U.8.C. 2. The USPTO’s
system of records is used o manage ail applicant and owner information including name, citizenship,
residence, post office address, and other information with respect to inveniors and their legal representatives
pertaining to the applicant'sfowner’s aclivities in connedction with the invention for which a patent is scught or
has bean granted. The applicable Privacy Act System of Records Notice for the information coliscted in this
form is COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR 19243
{March 29, 2013). hitps://Awww govinfo.govicontent/pkg/FR-2013-03-29/pdff2013-0734 1 pdf

Routine uses of the information in this record may include disciosure to: 1) law enforcement, in the event that
the system of records indicates a violation or potential viclation of taw; 2) a Federal, state, local, or
international agency, in responses 1o s request; 3) a contractor of the USFTO having nead for the information
in order to perform a contract; 4) the Department of Justice for determination of whether the Freedom of
fnformation Act (FOIA) requires disclosure of the record; 5) a Member of Congress submitting a reguest
involving an individual to whom the record pertains, when the individual has requested the Member's
assistance with respedct to the subject matter of the record; 8} a court, magistrate, or administrative tribunal, in
the coursa of presenting evidence, including disclosures o opposing counsel in the course of settlement
negotigtions; 7) the Administrator, General Services Administration (GEA), or their designee, during an
inspection of racords conducted by GSA under authority of 44 U.8.C. 2804 and 2306, in accordance with the
GSA reguiations and any other relevant {i.e., GSA or Commercs) directive, where such disclosure shall not be
used to make determinations about individuals, 8) ancther federal agency for purposes of National Security
review (35 U.8.C. 181} and for review pursuant {o the Atomic Energy Act (42 U.8.C. 218{c}); 9} the Office of
Personnel Management (OFPM) for personnel research purposes; and 9) the Office of Management and Budget
{OMB) for legisiative coordination and clearance

if you do not fumnish the information requested on this form, the USPTO may not be able o process andfor
examine your submission, which may resul in termination of proceedings, abandonment of the application,
andfor expiration of the patent.

Additional Uses

Additional UBPTO uses of the information in this record may include disclosure to) 1) the International Bureau
of the World Intellectual Property Crganization, if the record is related {o an international appilication filed under
the Patent Cooperation Treaty, 2) the public i) after publication of the application pursuant to 35 U.8.C 122(b),
iy after issuance of a patent pursuant {o 35 U.8.C. 151, i} if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is referenced by either
a published application, an application open to public inspections, or an issuad patent, or iv) without publication
of the application or patent under the specific circumstances provided for by 37 CFR 1. 14{a){1 v )-{vii};, and/or
3} the National Archives and Records Administration, for inspection of records
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Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR BDESIGN PATENT APPLICATION

As the below named wnventor(s}, Vwe declare that:
ty This declaration and assignment are directed to:

Fitle of SYSTEM AND METHOD OF WAREHOUSE ORCHESTRATION FOR OPTIMIZED
fovention  [NVENTORY PICKING AND FULFILLMENT

] The specification of which is attached hereto, OR
[ ] United States application or PCT international application number:

filed on

1 Asamended on {(if applicable);

{I/We hereby aunthorize and request the Conypany or its designated attorneys, representatives or agents to insert above
the title, application nunber and filing date of the application, or any other mformation heren, when known. )

2} The above-identified application was made or authorized to be made by me/us.
3y VWe believe that Fwe are the original and/or joint inventors of a claimed invention in the application.
4y VWe hereby acknowledge that any willful false statement made in this declaration is punishable

under 18 U.S.C. §1001 by fine or imprisonment of not more than five {5} years, or both.
53} VWe have reviewed and understand the contents of the above-dentified application, including the
claims, as amended by any amendment referred to above.
VWe acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in-part applications, material
inforration which becomes available between the filing date of the prior application and the filing
date of the continuation-in-part application.

(@)
N

Authorization To Permit Access To Application by Participating Office

it If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided

to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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Patent

OATH:

'We do hereby declare that all statements made herein of my/our own knowledge are true and
that all statements made on mmformation and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:

Whereas, Vwe have woveoted certain new and useful unmprovements in the Invention identified
above and described in the above-identified patent application(s} and/or patent(s) (hereinafter referred to
as “Tnvention”); and,

Whereas /we desire to assign my above-identified rights, title and interest in the Invention to the
Assigneedentified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, Vwe,

Inventor(s) {assignor{(s))
Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,

Uttar Pradesh, 273014, India (IN)
SarbajitDas &/1b, Naktala Road, Kolkata 700047, India (IN)
502, Sector 15, Part 1, Gurgaon, Haryana,

22001, India (IN})

Sumit Kumar Tiwary

Amit Sharma

Jale Singh Yadav 287, ward no &, Gmdh_anpura, kotputli-behror, RAJ,
: 303108, India (IN)

do hereby assigo, sell and transfer to;

Assignee

Nameof Company Address
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Patent

Northmeadow Business Park, 660 Hembree Park

Grey Orange Inc. Drive, Suite 120, Roswell, Georgia-30076, US

herein referred to as the “Company”, its successors and assigns, my entire rights, titles and
interests in and to the Invention and improvements made or conceived by me/us described the
application(s} listed above and in the following table:

Type of Application

Filing Number Filing Date Title

Country

{(We hereby authorize and request the Company or its delegated attorneys, representatives or agents to insert above the
refevant application number, filing date and other information required herein, when known.)

and any and all applications for patent or patents therefrom tn any and all countries, wncluding all
divisions, continuations, and continuations-in-part, reexaminations, reissues and renewals thereof, and
all benetits, nights of priority resulting from the filing of the application(s), and any and all Letters
Patent of the United States, and countries foreign thereto, which may be granted or have granted for the
Invention, and other benefits accruing or to accrue to us with respect to the filing of applications for
patents or securing of patents in the United States and countries foreign thereto, unto the Company;

and I/we hereby authorize and request the Dhrector of the United States Patent and Trademark
{Office to issue any United States Letters Patent which may issue for the Invention to the Company, as
assignee of the whole right, title and interest thereto;

and Vwe further agree to, without any further consideration, communicate to the Company or its

representatives or nominees any facts known to me/us respecting the Invention and improvements and
testify in any legal proceeding, make all rightful oaths, sign and execute all necessary and lawful future
documents required ot requested for the making and prosecution of any applications of any type for
patent, utility model, or other similar rights in all countries including but not limited to, any provisional,
nou-provisional, continuation, continuation-in-part, divisional, renewal or substitute thereof, for any
derivation proceedings relating thereto, and, as to any patents that issue from such applications, for any
supplemental examination, derivation proceeding, Opposition, post grant review, reissue, re- examination,
inter partes review, or extension thereof, and generally do everything possible to aid the Company, its
successors, assigns and nominees, to obtain and enforce proper patent protection for the Invention and
its improvements in all countries.
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Taventor(s) Signature(s)

Name

Signature

Date

Sumit Kumar Tiwary

o DocuSigned by:

e

6/27/2024

G7ORM A AL,
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Patent

COMBINED DECLARATION AND ASSIGNMENT
FOR A UTILITY OR BDESIGN PATENT APPLICATION

As the below named wnventor(s}, Vwe declare that:
ty This declaration and assignment are directed to:
Title of SYSTEM AND METHOD OF WARFHOUSE ORCHESTRATION FOR OPTIMIZED
fnvention INVENTORY PICKING AND FULFILLMENT
] The specification of which is attached hereto; OR
[ 1 United States application or PCT international application nromhar

filed on

[ ] Asamended on (if applicable);

{I/We hereby aunthorize and request the Conypany or its designated attorneys, representatives or agents to insert above
the title, application nunber and filing date of the application, or any other mformation heren, when known. )

2} The above-identified application was made or authorized to be made by me/us.

3y VWe believe that Fwe are the oniginal and/or joint mnventors of a  claimed invention in the
application.

4y VWe hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U S.C. §1001 by fine or imprisonment of not roore than five {5) years, or both,

5} /We have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment referred to above.

6y VWe acknowledge the continuing duty to disclose to the United States Patent and Trademark Office
all information known to us to be material to patentability of this application, as defined in Title 37,
Code of Federal Regulations, Section 1.56, including, for continuation-in~part applications, matenal
information which becomes available between the filing date of the prior application and the filing
date of the continuation-~-in-part application,

Authorization To Permit Access To Application by Participating Office

X If checked, the undersigned hereby grants the USPTO authority to provide the European Patent
Office (EPO), the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World
Intellectual Property Office (WIPO), and any other intellectual property offices in which a foreign
application claiming priority to the above-identified patent application is filed access to the above-
identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a
foreign application claiming priority to the above-identified patent application is filed to have access to
the above-identified patent application. In accordance with 37 CFR 1.14(h)(3), access will be provided
to a copy of the above-identified patent application with respect to: 1) the above-identified patent
application-as-filed; 2) any foreign application to which the above-identified patent application claims
priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy
requirement of 37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application. In
accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing
the Authorization to Permit Access to Application by Participating Offices.
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OATH:

'We do hereby declare that all statements made herein of my/our own knowledge are true and
that all statements made on imformation and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statersents and the hike so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent issued
thereon.

ASSIGNMENT OF RIGHTS:

Whereas, Vwe have woveoted certain new and useful unprovements in the Invention wdentified
above and described in the above-identified patent application(s} and/or patent(s) (hereinafter referred to
as “Tnvention”); and,

Whereas /we desire to assign my above-identified rights, title and interest in the Invention to the
Assigneedentified herein;

Now, this indenture witnesseth, that for good and valuable consideration, the receipt whereof is
hereby acknowledged, Vwe,

Inventor(s) {assignor{(s))

Name Address

30, East of PAC Camp, Bichhia, Gorakhpur,

Sumit Kumar Tiwary o
Uttar Pradesh 273014, India (IN)

Sarbajit Das 8/1b, Naktala Road, Kolkata 700047, India (IN)

502, Sector 15, Part |, Gurgaon, Harvana,

Amit Sharma ’ |
122001, India (N}

Jale Singh Yadav 287, ward no 8, Gordhanpura, kotputhi-behror, RAJ,
" 303108, India (IN}

do hereby assign, sell and transfer to

Assignee

Name of Company Address
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Northmeadow Business Park, 660 Hembree Park

Jrey ' inc. o L. 2 RORARNS
frey Orange Inc Drive Suite 120, Roswell, Georgia-3007¢6, US

herein referred to as the “Company”, its successors and assigns, my entire rights, titles and
interests in and to the Invention and improvements made or conceived by me/us described the
application(s) listed above and 1n the following table:

Tvpe of Application

Country b
o Filing Number

Filing Date Title

{(We hereby authorize and request the Company or its delegated attorneys, representatives or agents to insert above the
refevant application number, filing date and other information required herein, when known.)

and any and all applications for patent or patents therefrom in any and all countries, including all
divisions, continuations, and continuations-in-part, reexaminations, reissues and renewals thereof, and
all beunetits, rights of priority resuiting from the filing of the application(s), and any and all Letters
Patent of the United States, and countries foreign thereto, which may be granted or have granted for the
Invention, and other bevefits accruing or to accrue to us with respect to the filing of applications for
patenis or securing of patents in the United States and countries foreign thereto, unto the Company;

and I/we hereby authorize and request the Dhrector of the United States Patent and Trademark
{Office to issue any United States Letters Patent which may issue for the Invention to the Company, as
assignee of the whole right, title and interest thereto;

and I/we further agree to, without any further consideration, communicate to the Company or its

representatives or nominees any facts known to me/us respecting the Invention and improvements and
testify in any legal proceeding, make all righttul oaths, sign and execute all necessary and lawtul future
documents required ot requested for the making and prosecution of any applications of any type for
patent, utility model, or other similar rights in all countries including but not limited to, any provisional,
nou-provisional, continuation, continuation-in-part, divisional, renewal or substitute thereof, for any
derivation proceedings relating thereto, and, as to any patents that issue from such applications, for any
supplemental  examivation, derivation proceeding, opposiiion, post grant review, reissue, re-
examination, inter partes review, or extension thereof, and generally do everything possible to aid the
Company, its successors, assigns and nominees, to obtain and enforce proper patent protection for the
Invention and its improvements in all countries.
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Taventor(s) Signature(s)
Name Signature Date
s DocusSigned by:
St @ , { .
Amit Sharma | 6/28/2024
h . 10ABSEE3008A4D8 -
41F ag woGwet
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