Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0051
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 displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number Unknown

Filing Date Herewith

First Named Inventor Sravanth Aluru

Title VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE
OF APPAREL AND ACCESSORIES

Art Unit

Examiner Name

Attorney Docket Number |1260-001US01

SIGNATURE of Applicant or Patent Practitioner

Signature /Am bar P Nayate/ Date (Optional)
Name Ambar P. Nayate Eﬁﬁﬁi?“on 65,393

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

/ *Total of | forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Doc Code: PA..

o PTOAIABB (07-13)
Document Description: Power of Attormey Approves for use thraugh 04312015, OMB 55500058

US Patentand Trademark Office; 1.8, DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1835, no persons are taquired to respond to'a coliection of information uriess it displavs & valid OME contrs ntmber

POWER OF ATTORNEY BY APPLICANT

§ hereby revoke all previous powers of attorney given in the application identified in gither the attachad transmittal letter or
the boxes below.

Application Number Filing Date

{Note: The boxes above may be leR blank if information is provided on form PTOAIARBRA)

t hereby appoint the Patent Practiioner{s) assaciated with the following Customer Number as rayfour attorney(s} or agent(s}, and

to transact all business in the United States Fatent and Trademark Office connected therewnth for the application referenced in
the attached transmittal latter {form PTO/AIABZA) or identified ahiove:

OR 28863

D ! hereby appoint Practitioner(s) named in the aftached list {form PTO/AIAIB20) as myfour attarney(s) or agent(g), and 1 transact
ail business in the United States Patent and Trademark Office connected therewith for the patent applhication referenced in the
aftached lransmittal letter {form PTOJAIABZA) ar ideniified abave. (Note: Complets form PTOMRAIAIB2C)

Please recognize or change the correspondence address for the application identified in the attached transmittat
ietter or the boxes above to!

The address associated with the above-meniioned Customer Number
” OR

D The address assosiated with Customer Number: e
OR

D Fm_n or
individual Name

Address

City

Couniry

Telephane rfimaii '

{ am the Applicant (if the Appiicant ig a juristic entity, st the Applicant name in the box):

| State { fze |

Inveatior.ar Joird Inventor {tithe not reguired below)

Legal Representative of a Deceased or Legally incapacitated inventor (title not required helow)

DRI

Assignee or Person to Whom the lnventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity)
Person Who Qtherwise Shows Sufficient Proprietary interest {e.q.. a petition under 37 CFR 1 46(b){2) was granted in tha
application or is concwrenily being filed with this document) {provide signer’s title if applicant is a juristic entity}
SIGNATURE of Applicant for Patent

The undersigned (whogse fitleris sugplied below) is authorizad te act on behalf of the applicant (e g.. whers the applicant is a juristioc antity).
Signature { wat | Date (Optional) |

o
Name Gairay Baid

Fitle

Director and COQ of Soul Vigion Creations Private Limited

NOTE: Signature - This form must be signed by the applicant in asoordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. if more than ane applicant, use multiple forms.

E:]Tcta! of forms are subhmitied.

“hss collectinn of information Is ramsdred By 37 OFR 10131, 1.32, and 133, TN T aiOr 15 raqm«-xx e oktatn Of rotuin a DR Ly e PUBHC WHICH IS 10 ﬁ%e {and by the
USPTO to procass) an application. Confidentiality is governed by 35 44.5.€. 322:and 37 CFR 1.11 and 1.14. This coliention is esimated to take 3 minutes ta complele,
including gathering, preparing, and submilling the completed spplication formto the & J":PTO, Time wil vary depending upon theindividun! case. Any coramants on the amount
of e you require ta complete this fonm ancfor suggestions fos reducing this burden, shoutd be sent to the Chief Informeation Officer, U.S. Patent and Tragdemark Office, 1.8,
Departmant of Commerce, P.0. Baox 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TQ TRIS ADDRESS. SEND TC! Commissiones
for Patoste, B.0. Bux 4480, Alexsisdeia, VA 223151480,

if yos nood assistance i completing the form, call 1-800-PTO-9799 and sefect aption 2.
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:  Sravanth Aluru

Filed: Herewith Customer No.: 28863
Docket No.: 1260-001USO01
Title: VIRTUAL REPRESENTATION CREATION OF USER FOR FIT

AND STYLE OF APPAREL AND ACCESSORIES

REQUEST FOR PATENT APPLICATION UNDER 37 C.F.R. § 1.53(b)

Commissioner for Patents
Alexandria, VA 22313-1450

Dear Commissioner:

This application claims the benefit of U.S. Provisional Application Serial No.
62/636,157, filed February 27, 2018.

We are transmitting herewith the attached correspondence relating to this application:

Transmittal sheet.

Utility Patent Application: Spec. 45 pp.; Claims 7 pp.; Abstract 1 pp.

The fee has been calculated as shown below in the “Claims as Filed” table.
8 sheets of formal drawings.

Signed Declaration

Power of Attorney

Application Data Sheet

Small Entity is Claimed as Noted on Application Data Sheet

XIXXXK XX
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CLAIMS AS FILED

Number of Claims Filed In Excess of: Extra Rate Fee
Basic T'iling TI'ee $75.00]
Total Claims
20 20 0 X $50.00] = $0.00
Independent Claims

3 3 0 x} $230.00]= $0.00]

MULTIPLE DEPENDENT CLAIM FEE $0.00
EXAMINATION FEE $380.00]
SEARCH FEE $330.00|
APPLICATION SIZE FEE $0.00
LATE OATH OR DECLARATION SURCHARGE $0.00]
TOTAL FILING FEE $785. 00|

Submitted herewith is credit card payment in the amount of $785.00 for application filing
fees. Please apply any charges not covered, or any credits, to Deposit Account No. 50-1778.

If this application is found to be incomplete, or if a telephone conference would
otherwise be helpful, please call the undersigned at the telephone number listed below.

Please send all correspondence to Practitioners at Customer Number 28863.

Date: November 29, 2018 By:

/Ambar P. Navate/
SHUMAKER & SIEFFERT, P.A. Name: Ambar P. Nayate, Reg No. 65,393
1625 Radio Drive, Suite 300
Woodbury, Minnesota 55125
Telephone: 651.286.8365
Facsimile: 651.735.1102
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF

APPAREL AND ACCESSORIES

First Named Inventor/Applicant Name:

Sravanth Aluru

Filer:

Ambar Pramod Nayate/Patricia Cygan

Attorney Docket Number:

1260-001US01

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sullaj-s'l'g(tsa)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Exhibit 1010
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 785
Exhibit 1010
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Electronic Acknowledgement Receipt

EFS ID: 34440993

Application Number: 16204883

International Application Number:

Confirmation Number: 5428

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF

Title of Invention: APPAREL AND ACCESSORIES

First Named Inventor/Applicant Name: Sravanth Aluru
Customer Number: 28863
Filer: Ambar Pramod Nayate/Patricia Cygan
Filer Authorized By: Ambar Pramod Nayate
Attorney Docket Number: 1260-001US01
Receipt Date: 29-NOV-2018
Filing Date:
Time Stamp: 17:50:18
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $785

RAM confirmation Number 113018INTEFSW17511700
Deposit Account 501778

Authorized User Patricia Cygan

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.21 {Miscellaneous fees and charges) Exhibit 1010
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
1847074
1 Application Data Sheet 1260_001 USO1_dAfDS_20181002 no 9
p cb005d506d24d730d56b5ca244ech6f0be
49497
Warnings:
Information:
363362
1260_001US01_Application_Fl
- = - 53
2 NAL_DRAFT.pdf yes
69272a8818cecda2889b3ce0218b853af75
B86c85
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 45
Claims 46 52
Abstract 53 53
Warnings:
Information:
45093
Drawings-only black and white line 1260_001US01_Figures_FINAL
3 . no 8
drawings _DRAFT.pdf
Tec8fbccd29a4cf154cf336a79a1db0947e1
bad7
Warnings:
Information:
6248189
4 Oath or Declaration filed 1260_001 UStQ1_S|§fr1ed_DecIar no 6
a IOn.p ed23900eafc97d6d4dad9a0d 5ecf0c860d5
Warnings:
Information:
1023755
5 Power of Attorney 1260_001USP1_POA.pdf no 2
09852680bcd5e6aed089847fd8dc3a45cac
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Warnings:

Information:

86071

1260_001USO1_TR_New_file_P
6 Transmittal of New Application rovConv_20181002.pdf no

7f20648d39933b2c4b8de380eec4f5Shac3fa
2c66

Warnings:

Information:

35211
7 Fee Worksheet (SB06) fee-info.pdf no 2
10d03128ce7272bd52f756bd30a515641d
3c29d
Warnings:
Information:
Total Files Size (in bytes): 9648755

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 1260-001US01
Application Data Sheet 37 CFR 1.76

Application Number

VIRTUAL REFRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND

Title of Invention ACCESSORIES

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

+| bravanth It\luru |
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

city |Bangalore ||Country of Residence | N |

Mailing Address of Inventor:

Address 1 No. 2C-1, Block No. 1, 15th Cross, 1A Main

Address 2 AIS Officers Colony, Sector 6, HSR Layout

City | Bangalore State/Province | F(A
Postal Code 560102 Countryi | ||N

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
~| fGaurav Baid v
Resﬁience Information (Select One) US Residency (8 Non US Residency Active US Military Service -
City |Bangalore ||Country of Residence | N |

Mailing Address of Inventor:

Address 1 No. 2C-1, Block No. 1, 15th Cross, 1A Main

Address 2 AIS Officers Colony, Sector 6, HSR Layout

City Bangalore State/Province | F(A

Postal Code 560102 Countryi | [N

Inventor 3
Legal Name

Exhibit 1010
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 1260-001US01

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND
ACCESSORIES

Prefix| Given Name Middle Name Family Name Suffix

] It\mit Il'omar 4]
Residence Information (Select One) US Residency  (8) Non US Residency Active US Military Service

City |Bangalore || Country of Residence i IN |

Mailing Address of Inventor:

Address 1 No. 2C-1, Block No. 1, 15th Cross, 1A Main

Address 2 AIS Officers Colony, Sector 6, HSR Layout
City | Bangalore State/Province | P(A
Postal Code | 60102 Countryi | |N

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 8863

Email Address pairdocketing@ssiplaw.com | AddEmail | |Remove Email

Application Information:

Title of the Invention CCESSORIES

Attorney Docket Number| [1260-001US01 Small Entity Status Claimed [X

Application Type Nonprovisional -
Subject Matter ility -
Total Number of Drawing Sheets (if any) 8 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the descripticn and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]
1

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Exhibit 1010
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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 | 1260-001US01

Application Data Sheet 37 CFR 1.76

Application Number

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND

Title of Invention ACCESSORIES

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number PB863

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending ~ Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Claims benefit of provisional ~| 62/636157 2018-02-27

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119{b) and 37 CFR 1.55. When priority is claimed to a foreign application
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).

EXhibit 1010
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PTO/AIA/M 4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

1260-001US01

Application Number

Title of Invention ACCESSORIES

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Remove

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 hefore 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

[] 18, 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.

EFS Web 2.2.13
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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 | 1260-001US01
Application Data Sheet 37 CFR 1.76

Application Number

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND

Title of Invention ACCESSORIES

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 (KIPQ), the State Intellectual Property Office of the People’'s Republic of
China (SIPQO), 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)

(1).

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.

Exhibit 1010
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFARTMENT 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 | 1260-001US01

Application Data Sheet 37 CFR 1.76

Application Number

VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF APPAREL AND

Title of Invention ACCESSORIES

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 Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name BSoul Vision Creations Pnvate Limited

Mailing Address Information For Applicant:

Address 1 No. 2C-1, Block No. 1, 15th Cross, 1A Main

Address 2 AIS Officers Colony, Sector 6, HSR Layout

City Bangalore State/Province KA
Country | N Postal Code 560102
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:
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VIRTUAL REPRESENTATION CREATION OF USER
FOR FIT AND STYLE OF APPAREL AND ACCESSORIES

[0001] This application claims the benefit of U.S. Provisional Application No. 62/636,157,

filed February 27, 2018, the entire contents of which 1s incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to computerized virtual representation creation.

BACKGROUND

[0003] Online retail and e-commerce are increasingly taking market share from on-premise
traditional brick and mortar retailers. When shopping at brick and mortar retailers, a
customer can try on apparel and accessories to ensure the right fit and style. When shopping
online, a customer is limited in his or her ability to ensure the right fit and style due to the

mability to try on the apparel and accessories.

SUMMARY

[0004] In general, the disclosure describes example techniques of real-time rendering of
virtual representations of a user, e.g., so-called avatars, that can be displayed on a personal
computing device. As described in more detail, processing circuitry of one or more network
computing devices receives an image of the user and performs deformations on a virtual head
representation based on facial features of the user in the image. In addition, the processing
circuitry selects a body type from a plurality of body types for the user based on body type
information. In one or more examples, the plurality of body types may be configured such
that the body type substantially aligns with a neck seam of the virtual head representation.
[0005] In some examples, the processing circuitry selects a particular virtual head
representation from a plurality of virtual head representations such as based on facial
recognition of features in the image. The processing circuitry deforms a head portion of the
virtual head representation based on the facial features, but may not deform a neck seam of
the virtual head representation (e.g., the processing circuitry may bypass or avoid deforming

the neck seam). Because each of the plurality of body types is configured to substantially

1
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align with a neck seam of the virtual head representation, and the neck seam of the virtual
head representation may not be deformed, the processing circuitry may be able to quickly
render the deformed head portion of the virtual head representation with the selected body
type to form a seamless virtual representation of the user.

[0006] In one example, the disclosure describes a method of virtual representation creation,
the method comprising receiving an image of a user, deforming a virtual head representation
based on facial features in the image, wherein the virtual head representation includes a head
portion and a neck seam, and wherein deforming the virtual head representation comprises
deforming the head portion, and avoiding deforming the neck seam, rendering the deformed
virtual head representation with a body type based on aligning the body type with a neck
seam of the deformed virtual head representation to create a virtual representation of the user,
and outputting graphical information based on the virtual representation of the user.

[0007] In one example, the disclosure describes a system comprising memory configured to
store a virtual head representation and processing circuitry. The processing circuitry is
configured to receive an image of a user, deform a virtual head representation based on facial
features in the image, wherein the virtual head representation includes a head portion and a
neck seam, and wherein to deform the virtual head representation, the processing circuitry is
configured to deform the head portion, and avoid deforming the neck seam, render the
deformed virtual head representation with a body type based on aligning the body type with a
neck seam of the deformed virtual head representation to create a virtual representation of the
user, and output graphical information based on the virtual representation of the user.

[0008] In one example, the disclosure describes a computer-readable storage medium having
instructions stored thereon that when executed cause processing circuitry to receive an image
of a user, deform a virtual head representation based on facial features in the image, wherein
the virtual head representation includes a head portion and a neck seam, and wherein the
instructions that cause the processing circuitry to deform the virtual head representation
comprise instructions that cause the processing circuitry to deform the head portion, and
avoid deforming the neck seam, render the deformed virtual head representation with a body
type based on aligning the body type with a neck seam of the deformed virtual head
representation to create a virtual representation of the user, and output graphical information

based on the virtual representation of the user.
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[0009] In one example, the disclosure describes a system that includes means for receiving
an image of a user, means for deforming a virtual head representation based on facial features
in the image, wherein the virtual head representation includes a head portion and a neck
seam, and wherein the means for deforming the virtual head representation comprises means
for deforming the head portion, and avoiding deforming the neck seam, means for rendering
the deformed virtual head representation with a body type based on aligning the body type
with a neck seam of the deformed virtual head representation to create a virtual
representation of the user, and means for outputting graphical information based on the
virtual representation of the user.

[0010] The details of one or more examples are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram illustrating a system for creating virtual representations of
users in accordance with one or more example techniques described in this disclosure.

[0012] FIG. 2 is a block diagram illustrating an example of a personal computing device
configured to display virtual representations of users in accordance with one or more
example techniques described in this disclosure.

[0013] FIG. 3 is a block diagram illustrating an example of processing circuitry configured to
render virtual representations of users in accordance with one or more example techniques
described in this disclosure.

[0014] FIG. 4 is a flowchart illustrating an example method of generating and outputting
virtual apparels in accordance with one or more example techniques described in this
disclosure.

[0015] FIG. 5 is a flowchart illustrating example operations of virtual representation creation
of a user.

[0016] FIG. 6 1s a flowchart illustrating example operations of selecting a body type for
generating a virtual representation of a user.

[0017] FIG. 7 1s a flowchart illustrating example operations of generating virtual

representation accessories or cosmetics to apply to a virtual representation of a user.

3
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[0018] FIG. 8 is a flowchart illustrating example operations of rendering a virtual

representation for movement.

DETAILED DESCRIPTION

|0019] Online retail and e-commerce are increasingly taking market share from on premise
traditional brick and mortar retailers. However, the online shopping experience, especially in
fashion — apparels, accessories, beauty and personal care — has drawbacks compared to an
experience in a physical store. In some cases, consumers discover and purchase fashion
products online by evaluating static two-dimensional (2D) images of the fashion products on
brand ambassadors or models. There is no ability for the customers to try before they buy as
in a physical store and nor is the shopping experience personalized to the consumer.

[0020] There are some online virtual try-on experiences, but the options are limited. Virtual
try-on means a user viewing how a virtual representation of an apparel or accessory would
look when worn by the user. Some virtual try-on experiences are not personalized, and the
virtualized accessories and apparel cannot be displayed together. These techniques are not
well suited for real-time rendering on personal computing devices, such as mobile devices
(e.g., smart phones or tablets) or laptops, on which many users view and purchase apparel
and accessories.

[0021] This disclosure describes example techniques to generate a virtual representation of a
user in real-time, as well as virtual representations of apparel and accessories in real-time, so
that the user can determine the fit and style of the apparel and accessories. For example, a
user may view how the apparel and accessories appear together on his or her body, as
opposed to seeing the apparel and accessories separately on bodies that may not accurately
reflect the user’s body.

[0022] As described in more detail below, a user may take a picture of himself or herself
(e.g., a “selfie”), and upload the picture to one or more network computing devices (e.g., one
or more servers located in a cloud-computing infrastructure coupled to the personal
computing device of the user via the Internet). In cloud-computing, operations to be
performed in the cloud may be divided or shared across one or more network computing

devices. Hence, in this disclosure operations described with respect to a network computing
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device should be understood to also encompass examples where the operations are shared or
divided across multiple network computing devices.

[0023] The network computing device may determine facial features in the image. For
example, the network computing device may determine key points on the user’s face (e.g.,
locations of cheek bones, nose, eyes, mouth, etc.) and determine relative distances between
the key points to determine the facial features. Based on the relative distance, the network
computing device may determine deformations to apply to a default deformable 3D face, also
called a virtual head representation. The virtual head representation may be a mesh of
primitives arranged to appear like a human head. The virtual head representation is
“deformable” in the sense that the vertices of the primitives in the mesh can be rearranged to
form different head and face shapes.

[0024] Tn some examples, there may be a plurality of virtual head representations. The
network computing device may utilize the facial features to select one of the plurality of
virtual head representations to deform. As one example, the plurality of virtual head
representations may be clustered together based on common features (e.g., virtual head
representations having the same eye separation form one cluster, virtual head representations
having the same nose to lips distance form one cluster, etc.). Based on the facial features, the
network computing device may determine a cluster from the plurality of clusters for the
virtual head representations. The network computing device may then select one of the
virtual head representations from the determined cluster that most closely matches the head
of the user.

[0025] In addition, the user may provide body type information (e.g., bust size, waist size,
shoulder width, etc.). In some examples, rather than manually entering body type
information, the user may upload an image of the his or her body from which the network
computing device determines the body type information. Based on the body type
information, the network computing device may select a body type from a plurality of body
types. The network computing device may render the deformed virtual head representation
with the selected body type to create a virtual representation of the user and output graphical
information of the virtual representation to the personal computing device of the user for the

user to view.
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[0026] In examples where the network computing device selects a virtual head representation
from a plurality of virtual head representations, each of the plurality of virtual head
representations may be associated with a set of body types from the total plurality of body
types. For reasons described in more detail below, the set of body types associated with a
particular virtual head representation may have the characteristic that a neck seam of the set
of body types aligns substantially with the particular virtual head representation with which
the set of body types are associated. In one or more examples, after selecting the virtual head
representation, the network computing device may select the body type from the set of body
types associated with the selected virtual head representation.

[0027] By deforming the virtual head representation and selecting a body type, the example
techniques described in this disclosure may provide the technical advantage of reducing
computations, relative to other techniques, to ensure real-time virtual representation creation.
For example, if the network computing device had to deform both head and body, then there
may be additional computation cycles needed, which may slow down the virtual
representation creation, and possibly slow down the virtual representation creation for
purposes of the user to view fit and style. The user may want more immediate display to
view fit and style than would be available if the entire user body had to be deformed.

|0028] However, there may be additional technical problems to address to achieve real-time
virtual representation creation. For instance, the virtual head representation is deformed, and
the body type is separately selected. When the deformed virtual head representation (e.g.,
deformed default deformable 3D face) is rendered with the selected body type, there could be
image distortions because of misalignment between the selected body type and the deformed
virtual head representation. In one or more examples, the plurality of body types, from
which a body type is selected for rendering, may each be configured to align with a neck
seam of the virtual head representation (e.g., default deformable 3D face). Alignment of the
neck seams means that the ends of the neck seams line up, and the curvature of the neck
seams line up such that when the neck seam of the virtual head representation and the neck
seam of the body type line up to form a contiguous connection between head and body, with
little to no gaps or such that the neck seam of the virtual head representation does not extend

beyond the neck seam of the body type, and vice-versa.
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[0029] As part of the deforming, the network computing device may deform the head
portion of the virtual head representation, and may avoid deforming (e.g., bypass deforming)
the neck seam of the virtual head representation. In this way, in the deformed virtual head
representation, the neck seam 1s the same as it was in the virtual head representation, before
deforming, but the head portion may be deformed to look more like the user. Because the
neck seam is the same, the network computing device may be able to render the deformed
virtual head representation with the selected body type with minimal distortions at the
interconnection of the head and body.

[0030] With a virtual representation of the user, the network computing device may be able
to render apparel and accessories over the virtual representation to give the user a real-life
showing of how the apparel and accessories will appear on the user. In some examples, the
network computing device may store information indicating the way in which deformations
were applied to the virtual head representation so that the network computing device can
similarly deform accessories so that the user can determine how the accessories will look on
the user.

[0031] Moreover, in some examples, in rendering the virtual representation, the network
computing device may utilize “rigged” virtual head representations and body types. Rigged
virtual head representations and body types means that the virtual head representations and
body types also include anatomical information such as primitives that define skeletal and
muscle structure. With the use of rigged virtual head representations and body types, the
network computing device may be able to add movement and animation to provide the user
with an even better understanding of the style and fit of the apparel and accessories.

[0032] FIG. 1 is a block diagram illustrating a system 10 for creating virtual representations
of users in accordance with one or more example techniques described in this disclosure. As
illustrated, system 10 includes personal computing device 12, network 14, and cloud 16.
Cloud 16 includes network computing devices 18A—18N (collectively referred to as
“network computing devices 187).

[0033] Examples of personal computing device 12 include mobile computing devices (e.g.,
tablets or smartphones), laptop or desktop computers, e-book readers, digital cameras, video
gaming devices, and the like. In one or more examples, a user of personal computing device

12 may shop for apparel and accessories online. For example, the user may access online
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retailers and shift through their items to identify apparel or accessories to purchase. In some
examples, the user of personal computing device 12 may be scrolling through content from
various websites, and some apparel or accessories may pique his or her interest.

[0034] The user may be interested in determining whether to purchase the item or not but
may not have access to a retailer where he or she can try on the item for fit and style. In
some cases, even where retailer access is available, the user may desire to make more of an
on-the-spot determination of whether the item will look good when worn. Moreover, the
user may wish to ask friends and family of their opinion and taking everyone to the retailer
may not be practical.

[0035] In the example techniques described in this disclosure, the user may create a virtual
representation of himself or herself via personal computing device 12. The user may use the
virtual representation to virtually try-on apparels and accessories to determine whether the
style and fit is one he or she would want. The user may also be able to share (e.g., via social
media or some other form) the virtual representation with the virtual apparels and accessories
with friends and family to solicit opinions.

[0036] For determining the style and fit of the apparel and accessories, it may be possible
that the user will cycle through many options or try many different combinations. To ensure
high quality interaction, the user may desire that the virtual representation is created
relatively quickly (e.g., in run-time). As described in more detail, this disclosure describes
techniques to create such virtual representations in run-time allowing for the user to quickly
view the apparel and accessories.

[0037] To create the virtual representation, the user may take an image of himself or herself
(e.g., aselfie). The image should include the face of the user and can include other body
parts as well. In some examples, rather than taking the image, the user may retrieve a
previously stored image. For example, the user may either take a picture using his or her
camera or use an already existing picture which has a frontal snapshot of the user’s face.
This can either be a 2D image, taken from a regular camera on mobile, desktop, etc., or a 3D
depth image, taken from a 3D depth sensing camera.

[0038] The user may upload the image of the face of the user to one or more network
computing devices 18 for further processing. In addition, the user may upload body type

information, or upload images that show the body to one or more network computing devices
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18 for further processing. One or more network computing devices 18 may generate a virtual
representation of the user based on the image and the body type information. For example,
network computing devices 18 may provide responsive real-time cloud services that can, on a
responsive real-time basis, generate custom 3D virtual representations (e.g., avatars) using a
2D frontal face selfie or using a 3D depth camera image of the frontal face along with a few
body measurements or full body pictures which can be used to programmatically
approximate user body measurements provided by the user.

[0039] As illustrated, network computing devices 18 are within cloud 16. Cloud 16
represents a cloud infrastructure that supports multiple network computing devices 18 on
which applications or operations requested by one or more users run. For example, cloud 16
provides cloud computing for using network computing devices 18, hosted on network 14, to
store, manage, and process data, rather than at personal computing device 12.

[0040] Network 14 may transport data between network computing devices 18 of cloud 16
and personal computing device 12. For example, network 14 may form part a packet-based
network, such as a local area network, a wide-area network, or a global network such as the
Internet. Network 14 may include routers, switches, base stations, or any other equipment
that may be useful to facilitate data between personal computing device 12 and network
computing devices 18.

[0041] Examples of network computing devices 18 include server devices that provide
functionality to personal computing device 12. For example, network computing devices 18,
in cloud 16, may share data or resources for performing computations for personal computing
device 12. As one example, network computing devices 18 may be computing servers, but
the example techniques are not so limited. Network computing devices 18 may be a
combination of computing servers, web servers, database servers, and the like.

[0042] For example, network computing devices 18 may host an application, executing on
processing circuitry, via which network computing devices 18 receive the image uploaded by
the user and the body type information (e.g., as images or user input). The processing
circuitry encompasses the processing circuitry of one or more of network computing devices
18 that together perform the example techniques described in this disclosure.

[0043] The processing circuitry of network computing devices 18 may determine key

features on the face of the user from the image and determine 3D facial shape contours to
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estimate the face shape and contour of the user. Based on the facial shape contours, the
processing circuitry of network computing devices 18 may select a default deformable 3D
face model (referred to as a virtual head representation) and determine deformations to apply
to the virtual head representation. By deforming the virtual head representation based on the
determined deformations, the virtual head representation can be formed to appear like the
head of the user.

[0044] For example, the virtual head representation may be a 3D mesh of primitives that
looks like a human head. Network computing devices 18 may store information of the 3D
mesh of primitives, such as vertices of the primitives and interconnection information. The
deformations that the processing circuitry of network computing devices 18 determine may
be how to shift and adjust the primitives within the 3D mesh of the virtual head
representation so that deformed virtual head representation appears like the head of the user.
[0045] The following describes example techniques for performing the deformations (e.g.,
shifts and adjustments to the primitives). The face portion may be defined by a number of
coordinate vectors (referred to as “vertex positions” and uv maps for texture application).
Combined, these are referred to as “face space.” The virtual head representation is created
with parametric controls to modify the coordinate vectors (vertex positions) defined in the
face space, and the vertex ordering is preserved as in the face space.

[0046] In one example, the processing circuitry may extract the 2D face selfie region which
corresponds to the 3D face shape. To have a consistent approach across user faces for both
genders, a face selfie where hair does not cover the face in the selfie may be preferred. In
case of long hair styles, the user may pull their hair back before taking their face selfie.
Further, the efficacy of depth extrapolation from the 2D face selfie that defines the vertex
positions for the user face shape, may be based on good even lighting across the selfie.
Presence of shine, shadows or strong directional lights from one side, create algorithmic
challenges to accurately extrapolate relative depth based on light gradients. Similarly, too
bright or too dark light is not ideal. Accordingly, the user may take a selfie with well-lit
diffused lighting conditions.

[0047] The facial feature points from the input user face selfie are identified to extract the 2D
face selfie region that corresponds to the 3D face space. This is done using common deep

learning image recognition techniques to identify the key points (e.g., jaw line, center of eye
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balls, nose region, lips, etc.). Once done, the depth information for the user face space (i.e.,
the vertex positions) to define the user face shape is extrapolated along with the texture color
for the face space which helps create the user face space.

[0048] The vertex positions calculated for the face shape from the selfie 1s then used to
update the positional information using the parametric controls for the virtual head
representation to align the vertex positions with the user face space and create the virtual
head representation for the user.

[0049] In some examples, rather than relying upon the 2D image to determine depth, it may
be possible to retrieve depth information from the user. For instance, some next generation
devices, such as iIPhone® X+, have 3D depth sending capabilities. In such cases, rather than
extrapolating depth from a 2D selfie, the processing circuitry can receive the 3D depth
information along with the texture to create the user space described above.

[0050] There are various ways in which the network computing devices 18 perform the
example deformation. The above is one example, and the techniques should not be
considered limited. In general, the processing circuitry may use the facial features points
(e.g., key features) from the image, and extrapolate spatial relative depth information for the
face region. Based on the spatial relative depth information, the processing circuitry may
determine where the same key features on the virtual head representation are to be shifted or
adjusted. For instance, the processing circuitry may determine a difference in where the key
features are currently located on the virtual head representation and where these key features
are to be located on the virtual head representation. Based on the difference, the processing
circuitry may determine how the primitives within the 3D mesh of the virtual head
representation should be shifted or adjusted. The processing circuitry may apply a surface
smoothing to modify the shape of the rest of the virtual head representation with respect to
changes made to the face region.

[0051] The processing circuitry of network computing devices 18 may deform the virtual
head representation based on the determined deformation; however, in some examples, for
reasons described in more detail below, the processing circuitry may avoid deforming a neck
seam of the virtual head representation. For example, the processing circuitry may not
deform the base of the neck (e.g., neck seam). The processing circuitry may apply

deformations to a neck portion of the virtual head representation. The processing circuitry
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may apply slight deformation closer to the neck seam and gradually increase the
deformations applied for higher portions of the neck.

[0052] In addition to the deformations, the processing circuitry may be configured to select a
body type of the user based on the user provided body type information. Examples of the
body type information include height, waist, bust, hip, and/or weight measurements, and/or
visual body type selection such as apple, pear, rectangle, etc. These measurements may be
adequate from a fit perspective for standard machine-manufactured apparel as the apparel is
designed on similar body types. There may be more or fewer examples of body type
information that the user provides, and the examples are not limited to the above examples.
[0053] In some examples, the processing circuitry may deduce the body type information
from full body pictures provided by the user. This may help the user avoid having to enter
measurements. However, as users are likely to wear different sizes of apparels in different
pictures (e.g., some loose; some tight fitting), the user may need to provide multiple pictures
for the processing circuitry to determine an accurate estimation of user body measurements.
[0054] The processing circuitry may use the body type information to select a body type that
1s the best fit for the user. For example, network computing devices 18 may store
information for a plurality of body types (e.g., different shapes and sizes of bodies). The
body types that network computing devices store may be virtualized body types. Based on
the body type information, the processing circuitry may determine which of the plurality of
body types is the closest match.

[0055] For example, the processing circuitry may determine the nearest virtual body type
match of the body measurements from a database of pre-modelled 3D body avatars without
face or neck (e.g., a database of a plurality of virtualized body types). The processing
circuitry may match the measurements and anthropometric ratios provided by the user vis-a-
vis the measurements and anthropometric ratios of the virtualized body types.

[0056] By separating out the forming of the face portion of the user from the body creation,
the processing circuitry may be configured to generate the graphical representation more
quickly than some other techniques to achieve the real-time rendering of the graphical
representation. For example, it may be possible for the user to take an image of the entire
body and face and upload that image. Network computing devices 18 may then determine

deformations for the entire body and face based on the image and deform a mesh of
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primitives that represents the entire human body. However, performing such operations on
the entire body of the user may be complex and time consuming. In one or more example
techniques, network computing devices 18 may apply deformations on the head portion and
select a body type from pre-generated and stored virtualized body types, rather than
determine and apply deformations to the body to create the virtual representation of the user.
[0057] Accordingly, there may be technical advantages with the example techniques to
achieve run-time virtual representation creation. However, some additional technical
solutions may be needed to achieve the technical advantages. For example, because the head
portion of the user is separated formed than the body portion, when rendering the head
portion and the body portion together to form the virtual representation, there may be
distortions.

[0058] In one or more examples, the plurality of pre-generated and stored virtualized body
types may be pre-generated such that the top of the body types substantially aligns (e.g., such
that there is minimal distortion) with the neck seam of the virtual head representation before
any deformations. To ensure that the alignment between the neck seam of the virtual head
representation and the top of the plurality of body types persists after deformation of the head
portion of the virtual head representation, the processing circuitry of one or more network
computing devices 18 may not (e.g., may avoid) deform the neck seam of the virtual head
representation. Again, the neck seam is at the base of the neck and stops near the beginning
of the clavicle. However, the neck seam may include more or less anatomical portions of the
body.

[0059] By avoiding the deformation of the neck seam, the processing circuitry may ensure
that prior to and post deformation of the head portion of the virtual head representation, the
deformed virtual head representation will still substantially align with the selected body type.
As the processing circuitry moves up the neck seam along the neck portion of the virtual
head representation, the processing circuitry may apply deformation to the neck portion of
the virtual head representation.

[0060] With the deformed virtual head representation and the selected body type, the
processing circuitry of network computing devices 18 may render the deformed virtual head
representation with the selected body type by aligning the body type with the neck seam of

the deformed virtual head representation to create the virtual representation of the user. For
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example, the processing circuitry may determine the vertices of the primitives that form the
neck seam on the deformed virtual head representation and blend those vertices of the
primitives that form the top of the body type to form a unitary structure that is the virtual
representation of the user.

[0061] The processing circuitry may then output graphical information based on the virtual
representation of the user to personal computing device 12. Personal computing device 12
may then display the virtual representation of the user. In some examples, the user, via
personal computing device 12, may have selected a virtual apparel that he or she wants to try,
and the processing circuitry may render the virtual apparel on top of the virtual representation
of the user so that the user can see the style and fit of the apparel. In some examples,
personal computing device 12 may be configured to separately receive the virtual
representation and the virtual apparel, and personal computing device 12 may render the
virtual apparel on the virtual representation.

[0062] In addition to apparel, the user may be also be able to select different accessories
(e.g., hairstyles, earrings, sunglasses, etc.) and cosmetics (e.g., lipsticks, eye liners, etc.). For
example, once a user creates his or her own virtual representation, the user can request to
visualize a 3D accessory or cosmetics on the virtual representation. Given the user requests
this in real-time basis, the processing circuitry of network computing devices 18 may need to
deliver a virtual 3D model for the accessories and cosmetic products in real-time basis.

[0063] Moreover, the virtual 3D model of the accessories and cosmetic products should be
sized and shaped to properly fit the virtual representation. In one or more examples, network
computing devices 18 store the virtual 3D model of the accessories and the cosmetic products
as they would appear on the virtual head representation, prior to any deformation. The
processing circuitry may store information indicative of the deformation applied to the virtual
head representation. The processing circuitry may determine the deformation to apply to the
virtual 3D model of the accessories and cosmetic products based on the information
indicative of the deformation applied to the virtual head representation so that the virtual 3D
model of the accessories and cosmetic products scale with the deformations applied to the
virtual head representation and the virtual 3D model of the accessories and cosmetic products

aligns properly on the virtual representation of the user.
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[0064] FIG. 2 is a block diagram illustrating an example of a personal computing device
configured to display virtual representations of users in accordance with one or more
example techniques described in this disclosure. Examples of personal computing device 12
include a computer (e.g., personal computer, a desktop computer, or a laptop computer), a
mobile device such as a tablet computer, a wireless communication device (such as, e.g., a
mobile telephone, a cellular telephone, a satellite telephone, and/or a mobile telephone
handset), a landline telephone, an Internet telephone, a handheld device such as a portable
video game device or a personal digital assistant (PDA). Additional examples of person
computing device 12 include a personal music player, a video player, a display device, a
camera, a television, or any other type of device that processes and/or displays graphical
data.

[0065] As illustrated in the example of FIG. 2, personal computing device 12 includes lens
19 coupled to sensor 20, camera processor 22, a central processing unit (CPU) 24, a graphical
processing unit (GPU) 28, memory controller 30 that provides access to system memory 32,
user interface 34, and display interface 36 that outputs signals that cause graphical data to be
displayed on display 38. Personal computing device 12 also includes transceiver 42, which
may include wired or wireless communication links, to communicate with network 14 of
FIG. 1. Although FIG. 2 1llustrates lens 19 as part of the same device that includes GPU 28,
the techniques described in this disclosure are not so limited. Moreover, the shape and
configuration of lens 19 is illustrated as one example, and should not be considered limiting,.
[0066] Also, although the various components are illustrated as separate components, in
some examples the components may be combined to form a system on chip (SoC). As an
example, camera processor 22, CPU 24, GPU 28, and display interface 36 may be formed on
a common integrated circuit (IC) chip. In some examples, one or more of camera processor
22, CPU 24, GPU 28, and display interface 36 may be in separate IC chips. Various other
permutations and combinations are possible, and the techniques should not be considered
limited to the example illustrated in FIG. 2. The various components illustrated in FIG. 2
(whether formed on one device or different devices) may be formed as at least one of fixed-
function or programmable circuitry such as in one or more microprocessors, application
specific integrated circuits (ASICs), field programmable gate arrays (FPGAs), digital signal

processors (DSPs), or other equivalent integrated or discrete logic circuitry.
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[0067] The various units illustrated in FIG. 2 communicate with each other using bus 40.
Bus 40 may be any of a variety of bus structures, such as a third generation bus (e.g., a
HyperTransport bus or an InfiniBand bus), a second generation bus (e.g., an Advanced
Graphics Port bus, a Peripheral Component Interconnect (PCI) Express bus, or an Advanced
eXtensible Interface (AXI) bus) or another type of bus or device interconnect. It should be
noted that the specific configuration of buses and communication interfaces between the
different components shown in FIG. 2 is merely exemplary, and other configurations of
computing devices and/or other image processing systems with the same or different
components may be used to implement the techniques of this disclosure.

[0068] Camera processor 22 is configured to receive the electrical currents as sensor signals
from respective pixels of sensor 20 and process the electrical currents to generate pixel data
of images. In some examples, camera processor 14 may be configured as a single-input-
multiple-data (SIMD) architecture. Camera processor 14 may perform the same operations
on current received from each of the pixels on sensor 20. Each lane of the SIMD architecture
may include an image pipeline. The image pipeline includes hardwire circuitry and/or
programmable circuitry (e.g., at least one of fixed-function or programmable circuitry) to
process the output of the pixels.

|0069] Camera processor 22 outputs the resulting images (e.g., pixel values for each of the
image pixels) to system memory 32 via memory controller 30. As described in more detail,
in response to a user executing fashion application 26, personal computing device 12 may
upload the image to one or more network devices 18 for creating virtual representations of
the user.

[0070] CPU 24 may be a general-purpose or a special-purpose processor that controls
operation of personal computing device 12. A user may provide input to personal computing
device 12 to cause CPU 24 to execute one or more software applications. The software
applications that execute on CPU 24 may include, for example, fashion application 26, as
described in more detail. The user may provide input to personal computing device 12 via
one or more input devices (not shown) such as a keyboard, a mouse, a microphone, a touch
pad or another input device that is coupled to personal computing device 12 via user interface
34, In some examples, such as where personal computing device 12 is a mobile device (e.g.,

smartphone or tablet), user interface 34 may be part of display 38.
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[0071] Display 38 may include a monitor, a television, a projection device, a liquid crystal
display (LCD), a plasma display panel, a light emitting diode (LED) array, electronic paper, a
surface-conduction electron-emitted display (SED), a laser television display, a nanocrystal
display or another type of display unit. Display 38 may be integrated within personal
computing device 12. For instance, display 38 may be a screen of a mobile telephone
handset or a tablet computer. Alternatively, display 38 may be a stand-alone device coupled
to personal computing device 12 via a wired or wireless communications link. For instance,
display 38 may be a computer monitor or flat panel display connected to a personal computer
via a cable or wireless link.

[0072] Camera processor 22, CPU 24, and GPU 28 may store image data, and the like in
respective buffers that are allocated within system memory 32. Display interface 36 may
retrieve the data from system memory 32 and configure display 38 to display the image
represented by the generated image data. In some examples, display interface 36 may
include a digital-to-analog converter (DAC) that is configured to convert the digital values
retrieved from system memory 32 into an analog signal consumable by display 38. In other
examples, display interface 36 may pass the digital values directly to display 38 for
processing.

|0073] For ease of description, one or more examples are described with user interface 34
being part of display 38 (e.g., where display 38 is a touchscreen). However, the example
techniques should not be considered limited to such examples.

[0074] Memory controller 30 facilitates the transfer of data going into and out of system
memory 32. For example, memory controller 30 may receive memory read and write
commands, and service such commands with respect to memory 32 in order to provide
memory services for the components in personal computing device 12. Memory controller
30 1s communicatively coupled to system memory 32. Although memory controller 30 is
illustrated in the example of personal computing device 12 of FIG. 2 as being a processing
circuit that is separate from both CPU 28 and system memory 32, in other examples, some or
all of the functionality of memory controller 30 may be implemented on one or both of CPU
24 and system memory 32.

[0075] System memory 32 may store program modules and/or instructions and/or data that

are accessible by camera processor 22, CPU 24, and GPU 28. For example, system memory
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32 may store user applications (e.g., fashion application 26), resulting images from camera
processor 22, rendered image content from GPU 28, etc. System memory 32 may
additionally store information for use by and/or generated by other components of personal
computing device 12. System memory 32 may include one or more volatile or non-volatile
memories or storage devices, such as, for example, random access memory (RAM), static
RAM (SRAM), dynamic RAM (DRAM), read-only memory (ROM), erasable programmable
ROM (EPROM), electrically erasable programmable ROM (EEPROM), flash memory, a
magnetic data media or an optical storage media.

[0076] In some aspects, system memory 32 may include instructions that cause camera
processor 22, CPU 24, GPU 28, and display interface 36 to perform the functions ascribed to
these components in this disclosure. Accordingly, system memory 32 may be a computer-
readable data storage medium having instructions stored thereon that, when executed, cause
one or more processors (e.g., camera processor 22, CPU 24, GPU 28, and display interface
36) to perform various functions.

[0077] In some examples, system memory 32 is a non-transitory storage medium. The term
“non-transitory” indicates that the storage medium is not embodied in a carrier wave or a
propagated signal. However, the term “non-transitory” should not be interpreted to mean
that system memory 32 is non-movable or that its contents are static. As one example,
system memory 32 may be removed from personal computing device 12, and moved to
another device. As another example, memory, substantially similar to system memory 32,
may be inserted into personal computing device 12. In certain examples, a non-transitory
storage medium may store data that can, over time, change (e.g., in RAM).

[0078] As illustrated, one example of the software application that CPU 24 executes is
fashion application 26. The user may see a thumbnail indication of fashion application 26 on
display 38, and when the user wants to interact with fashion application 26 (e.g., such as
when the user wants to determine fit and style of apparel or accessories), the user touches the
thumbnail to execute fashion application 26 on CPU 24.

[0079] In response to executing fashion application 26, the user may be prompted, via
display 38, to take an image of himself or herself (e.g., a selfie). The user may then take the
selfie, ensuring that his or her face is visible. For instance, in response to interacting with the

prompts provided on display 38, lens 19 and sensor 20 capture a selfie of the user that camera
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processor 22 process and display 38 displays within the graphical interface generated by the
execution of fashion application 26. Rather than or in addition to taking a selfie, display 38,
responsive to the execution of fashion application 26, may instruct the user to retrieve a pre-
stored selfie from system memory 32.

[0080] In some examples, display 28, responsive to the execution of fashion application 26,
may prompt the user to input body type information such as one or more of waist, height,
bust, hips, weight, body shape, and the like. The waist, height, bust, and body shape are
examples of body type parameters, and there may be additional examples of body type
parameters. In some examples, in addition to or instead of inputting body type information,
the user may take additional selfies that capture the full body of the user, from which body
type information may be determined.

[0081] In some examples, display 28 may display a base body, and the user changes
measurements of any portion of the body (e.g., shoulder, chest, abdomen, waist, hips, thighs,
arms, torso-bottom, etc.) to create a more accurate representation of his or her body shape.
Such user body measurement input may be in the form of visual fine-tuning. Display 28 may
display a slide scale to allow the user to input changes, possibly with no number input
required. The changes could be done in up or down steps to help user arrive at the right body
shape as per his or her visual sign-off.

[0082] CPU 24, via execution of fashion application 26, may cause transceiver 42 to output
the image (e.g., selfie image) and the user inputted body type information and/or the body
image to one or more network computing devices 18 for network computing devices 18 to
create a virtual representation of the user, in accordance with one or more example
techniques described in this disclosure. In addition, fashion application 26 may allow the
user to select, via display 38, apparels and accessories that the user may want to virtually try-
on to see the style and fit. CPU 24, via execution of fashion application 26, may cause
transceiver 42 to also output information of the apparels and accessories.

[0083] One or more network computing devices 18 may create the virtual representation of
the user using the example techniques described in this disclosure and output graphical
information of the virtual representation to personal computing device 12. As one example,
network computing devices 18 may generate a series of commands and data (e.g., vertices

and color information) for how GPU 28 is to render the virtual representation, and output the
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commands and data, which are examples of the graphical information, to personal computing
device 12.

[0084] In some examples, the commands may conform to a graphics application
programming interface (API), such as, e.g., an Open Graphics Library (OpenGL"®) API,
OpenGL® 3.3, an Open Graphics Library Embedded Systems (OpenGL ES) API, an OpenCL
API, a SceneKit API, a MetalKit API, a Vulkan API, a Direct3D API an X3D API a
RenderMan API, a WebGL API, or any other public or proprietary standard graphics APL
The techniques should not be considered limited to requiring a particular APL

[0085] GPU 28 receives (e.g., directly from transceiver 42 or from CPU 24) the commands
and data generated by network computing devices 18. In response, GPU 28 performs the
operations defined by the commands on the received data to render the virtual representation
of the user, possibly with the virtual apparel and accessories visible to the user. GPU 28
stores the graphical data as the result of the rendering in system memory 32, and display
interface 36 retrieves the graphical data for display on display 38.

[0086] In some examples, the user requests movement or some form of animation of the
virtual representation from the interface provided by fashion application 26. In response,
CPU 24, via fashion application 26, may request network computing devices 18 to render
frames having the different movement (e.g., generate frames at 30 frames-per-second (fps)),
and display 38 may display the frames at the frame rate to show smooth movement. In some
examples, GPU 28 renders frames at 30 fps to animate the movement and cause display 38 to
display the animation.

[0087] Moreover, display 38, via execution of fashion application 26, displays options for
the user to request new apparel or accessories. In response, CPU 24, via execution of fashion
application 26, causes transceiver 42 to output information of the requested apparel or
accessories. Transceiver 42 receives graphical information for the newly requested apparel
or accessories, and GPU 28 renders the virtual representation with the newly requested
apparel or accessories.

[0088] In this way, the example techniques describe an immersive experience for the user to
determine the style and fit of an apparel or accessory without needing to physically try it on.
As described, the user may desire to view the apparel and accessory on the virtual

representation in run-time (e.g., real-time) so that the user can quickly determine whether to
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try on different apparel or accessories. Accordingly, network computing devices 18 may be
configured to generate the graphical information in run-time so that personal computing
device 12 can display the virtual representation and apparel and accessories in run-time.
[0089] For example, via the execution of fashion application, the user may be able to
perform various tasks to determine the style and fit. Accordingly, this disclosure describes
techniques to provide consumers an immersive end to end personalized 3D experience for
fashion discovery and commerce on mobile. The immersive personalized 3D experience
may start with the consumer or user creating a realistic 3D avatar of themselves in a few
seconds with a simple 2D selfie, four core measurements, height, waist, bust, and hip, and
then fine-tuning the body shape visually by altering the proportions of various body parts.
[0090] During execution of fashion application 26, the user is provided guidance and cues to
get the selfie right and a realistic avatar (e.g., virtual representation). The avatar created by
the user can be edited to further customize and personalize. With the 3D avatar created, the
user can then use a marketplace (e.g., as provided by execution of fashion application 26) to
find apparel, accessories, beauty and personal care products from different vendors and add
them to the virtual fitting room for look and fit evaluation. Users, via fashion application 26,
can also search for related items based on an existing image of an apparel or a picture taken
of the apparel. The closest match found can be added to the fitting room for look and fit
evaluation.

[0091] The user can then evaluate and compare the apparel in a virtual fitting room,
displayed via execution of fashion application 26, for look and fit by just toggling apparel in
available in the virtual fitting room and experience a full makeover with accessories, beauty
and personal care products. Users can also place themselves in different environment
settings like a town square to get a realistic sense of look and fit. Users can share their
avatars with the full makeover with their friends and family for comments and feedback and
complete their purchase with the shopping cart.

[0092] FIG. 3 is a block diagram illustrating an example of processing circuitry configured to
render virtual representations of users in accordance with one or more example techniques
described in this disclosure. FIG. 3 illustrates processing circuit 44 and memory 46.
Processing circuity 44 and memory 46 may be distributed across one or more network

computing devices 18 within cloud 16. For example, as described above, cloud 16 provides a
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computing infrastructure where operations are distributed across network computing devices
18. Accordingly, FIG. 3 may be considered as illustrating one or more network computing
devices 18 that include processing circuitry 44 and memory 46.

[0093] For example, processing circuitry 44 is illustrated as executing facial feature
extraction application 48, deformation application 50, body type selector application 52, and
renderer application 54. Transceiver 56 is circuitry with which processing circuitry 44
receives and transmits information. Also, memory 46 1s illustrated as storing one or more
virtual head representations 58, body types 60A—GON (collectively “body types 60”), and
accessories 62A—02N (collectively “accessories 62”). However, it may be possible, based on
control of cloud 16 or workload of network computing devices 18 that one or more of the
applications shown as executing on processing circuitry 44 execute on different network
computing devices 18. Also, it may be possible that different network computing devices 18
each store some of the information shown to be stored in memory 46. For example, one
network computing device 18 stores a subset of body types 60, another one of network
computing device 18 stores another subset of body types 60, and so forth. The same may be
true for accessories 62.

|0094] The example of FIG. 3 captures these various examples where processing circuitry 44
and memory 46 are distributed among one or more network computing devices 18. As
illustrated, processing circuitry 44 and memory 46 communicate via communication channel
45. Communication channel 45 may be a bus, similar to bus 40 of FIG. 1. In some
examples, communication channel 45 may be a packet-based network, such as a local area
network, a wide-area network, or a global network such as the Internet.

[0095] Processing circuitry 44 may be formed as at least one of fixed-function or
programmable circuitry such as in one or more microprocessors, application specific
integrated circuits (ASICs), field programmable gate arrays (FPGAs), digital signal
processors (DSPs), or other equivalent integrated or discrete logic circuitry. Also, memory
46 may include one or more volatile or non-volatile memories or storage devices, such as, for
example, random access memory (RAM), static RAM (SRAM), dynamic RAM (DRAM),
read-only memory (ROM), erasable programmable ROM (EPROM), electrically erasable
programmable ROM (EEPROM), flash memory, a magnetic data media or an optical storage

media.
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[0096] Although the example of FIG. 3 shows applications executing on processing circuitry
44, the example techniques are not limited. In general, processing circuitry 44 may be
configured to perform one or more example techniques described in this disclosure via fixed-
function circuits, programmable circuits, or a combination thereof. Fixed-function circuits
refer to circuits that provide particular functionality and are preset on the operations that can
be performed. Programmable circuits refer to circuits that can programmed to perform
various tasks and provide flexible functionality in the operations that can be performed. For
instance, programmable circuits may execute software or firmware that cause the
programmable circuits to operate in the manner defined by instructions of the software or
firmware. Fixed-function circuits may execute software instructions (e.g., to receive
parameters or output parameters), but the types of operations that the fixed-function circuits
perform are generally immutable. In some examples, the one or more of the units may be
distinct circuit blocks (fixed-function or programmable), and in some examples, the one or
more units may be integrated circuits.

[0097] Processing circuitry 44 may include arithmetic logic units (ALUs), elementary
function units (EFUs), digital circuits, analog circuits, and/or programmable cores, formed
from programmable circuits. In examples where the operations of processing circuitry 44 are
performed using software executed by the programmable circuits, memory 46 may store the
object code of the software that processing circuitry 44 receives and executes. For example,
memory 46 may store the object code for facial feature extraction application 48,
deformation application 50, body type selector application 52, and renderer application 54
that processing circuitry 44 retrieves and executes.

[0098] Also, facial feature extraction application 48, deformation application 50, body type
selector application 52, and renderer application 54 are illustrated as separate simply to ease
with understanding. Facial feature extraction application 48, deformation application 50,
body type selector application 52, and renderer application 54 may be structured as software
functions that are called by high-level application executing on processing circuitry 44. In
some examples, facial feature extraction application 48, deformation application 50, body
type selector application 52, and renderer application 54 may be integrated into a common

application that processing circuitry 44 executes.
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[0099] Processing circuitry 44 receives an image that includes the face of the user and body
measurements. Facial feature extraction application 48 may be configured to determine key
facial points of reference such as face outline, eyes, nose, lips, cheek-bone, and jaw-line.
Facial feature extraction application 48 may utilize example facial feature extraction
techniques such as those available from Facegen Software Development Kit from Singular
Inversions. Moreover, further modifications to existing algorithms may be possible such as
deep convoluted neural networks to recognize key facial points. For instance, some existing,
techniques may require straight angle and neutral expression for determining key facial
points. With neural networks, and artificial intelligence, it may be possible to feed as input
different selfies that are not at straight angles and not neutral expression, and provide input to
the neural networks of the key facial points. The neural networks may then be configured to
determine facial points even in examples where the selfie 1s not perfectly aligned and the user
provided the image with facial expressions.

[0100] The output of facial feature extraction application 48 may be a data file that identifies
facial outline from the image and includes information to extract out the front face portion
for further processing. Also, the key facial features are used to extract out various parts of
the face (lips, nose, cheeks, eyebrows, etc.), which can then later be applied to the deformed
user face.

[0101] In some examples, facial feature extraction application 48 may determine average
skin complexion of the user. For example, facial feature extraction application 48 may
determine the red-green-blue (RGB) values of the pixels that form the face and perform an
averaging algorithm to determine average skin complexion. Facial feature extraction
application 48 may use the average skin complexion to back calculate the impact of lighting
conditions on the user face with respect to their average skin complexion and determine
approximate relative distances of various points on the face.

[0102] The following is an example technique to approximate relative distances of various
points on the face. The facial feature points help identify the face region from the input user
face selfie (e.g., image of the user). They also help identify the non-skin regions like eyes,
eye-brows, and lips. The skin portion is separately extracted out of the face region of the
input user face selfie using these facial feature points. Once done, the RGB (red-green-blue)

color variance is calculated against a mean RGB and all statistically significant outliers are
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discarded to remove any residual non-skin portions like moles, scars, etc. This helps find all
the pixels from the user selfie that represent the user skin. These pixels are then used to
calculate the mean RGB color for the user skin. The last two rows of the head above the
defined neck seam are applied this constant mean RGB color across all texels. The body 1s
also given this constant mean RGB color which helps consistent color smoothing at the neck
seam.

[0103] Based on the approximate relative distances, facial feature extraction application 48
determines the 3D facial shape and contours as estimates of the face shape and contour of the
user. The 3D facial shape and contours, as well as average skin complexion, key facial
features points, and the like are examples of facial features extracted from the image. Facial
feature extraction application 48 may store information of the facial features extracted from
the image in memory 46 or local memory of processing circuitry 44.

[0104] In some examples, facial feature extraction application 48 or possibly some other
application executing on processing circuitry 44 may be configured to select one of virtual
head representations 58. For instance, based on the extracted facial features, processing
circuitry 44 may determine which one of virtual head representations 58 most closely
matches the head of the user. As one example, processing circuitry 44 may determine the
facial features of virtual head representations 58 and select the virtual head representation 58
that most closely matches the facial features determined by facial feature extraction
application 48.

[0105] Each of the virtual head representations 58 may be associated with a set of body types
60. As described in more detail below, body type selector application 52 may select one of
the body types 60. One feature of the body types 60 associated with respective virtual head
representations 58 is that the neck seam of the body types and the virtual head
representations substantially align. Body type selector application 52 may select one of the
body types 60 associated with the selected virtual head representation 58 of the virtual head
representations 58.

[0106] In some examples, there may be only one virtual head representation 58. The
example techniques described in this disclosure are applicable to examples where there are a
plurality of virtual head representations 58 from which one is selected, and examples where

there is one example of virtual head representation 58.
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[0107] Deformation application 50 retrieves the facial features and retrieves virtual head
representation 58 on which to apply deformations based on the facial features. For example,
virtual head representation 58 may be information of a 3D mesh of primitives (e.g., triangles,
but other shapes are possible) that form a shape of the human head. The information of the
3D mesh of primitives may include vertex coordinates for the vertices in the 3D mesh, and
information that indicates how the vertices are connected together. Virtual head
representation 58 may be considered as a default deformable 3D face model.

[0108] Based on the facial features (e.g., face shape and contour), deformation application 50
may determine the deformations needed to apply to virtual head representation 58 and store
information indicative of the deformations needed to apply (e.g., in the local memory or
memory 46). The deformations needed to apply to virtual head representation 58 may be a
series of equations that indicate how the vertices of the 3D mesh of primitives are to shift.
For example, if the user has a longer head, deformation application 50 may determine how to
stretch out the primitives of virtual head representation 58 to form the head. If the user has a
thicker head, deformation application 50 may determine how to expand out the primitives of
virtual head representation 58, and so forth.

[0109] To perform such shifting, virtual head representation 58 may include a head portion
and a neck portion, with the neck portion ending with a neck seam, and the 3D mesh may
include vertices of primitives for the head and neck portion and the neck seam. As described
in more detail, deformation application 50 may determine deformations to apply to virtual
head representation 58, such as deformations to apply to the head and neck portion.
However, deformation application 50 may not determine (or at least not apply) deformations
to the neck seam to ensure that the neck seam lines up with the body. In some examples,
deformation application 50 may determine some deformations along the neck moving up
from the neck seam (e.g., no deformations at the neck seam, and gradual deformations up the
neck portion).

[0110] Deformation application 50 may apply the deformations determined based on the
facial features to virtual head representation 58 to create a user face shape. Deformation
application 50 may apply (e.g., via texture mapping) the skin color and texture for various
parts of the face, as extracted via facial extraction application 58, to the deformed virtual

head representation to create a near-real 3D face model of the user. In some examples,
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renderer application 54 renders (e.g., draws) the deformed virtual head representation with
the colors and textures, and stores the result standard 3D object formats such as .obj, .ply, .stl,
.glts, .fbx, etc. depending on the rendering environment requirements (e.g., based on the
rendering capabilities of personal computing device 12).

[0111] Body type selector application 52 receives body type information of the user. For
example, as described above, the user may input body type information such as height, waist,
bust/chest, hip, and/or weight measurements, and/or visual body type selection (e.g., apple,
pear, rectangle, etc.). These measurements may be adequate from a fit perspective for
standard machine-manufactured apparel as they are designed on similar body types. In some
examples, body type selector application 52 may determine these measurements from full
body pictures, which can avoid the user having to enter measurements. As users are likely to
wear different sizes of apparel in different pictures (e.g., loose fitting or tight fitting), body
type selector application 52 may utilize multiple pictures to determine an accurate estimation
of the body type.

[0112] Based on the body type information, body type selector application 52 determines a
body type from body types 60. For example, body types 60 are a database of pre-modelled
3D body avatars (without face or neck). Body type selector application 52 may identify the
nearest match to body types 60 by matching measurements and anthropometric ratios
provided by the user with measurements and anthropometric ratios of the pre-modelled 3D
body avatars.

[0113] As one example, body type selector application 52 uses a k-nearest neighbors based
classification to determine one of body types 60 based on the input measurements (e.g., body
type information). For example, body type selector application 52 may first determine which
ones of body types 60 have the same or the closest parameter as a first parameter of the body
type information (e.g., which ones of body types 60 have the same height parameter as the
height parameter of the user provided body type information). Based on the determination,
body type selector application 52 may reduce the number of body types 60 to evaluate
substantially down to a first subset of body types 60. Next, body type selector application 52
may determine which ones of the first subset of body types 60 have the same or the closest
parameter as a second parameter of the body type information (e.g., which ones of body

types 60 have the same waist parameter as the waist parameter of the user provided body
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type information). Based on the determination, body type selector application 52 may reduce
the number of body types 60 to evaluate even further down from the first subset of body
types 60 to a smaller, second subset of body types 60. Body type selector application 52 may
repeat these operations until there is one remaining one of body types 60.

[0114] In some examples, after reducing subsets of body types 60 until there are N-number
of body types 60 remaining, body type selector application 52 may determine a Euclidean
distance to determine the “closest” one of the remaining body types 60. For instance, each
body type parameter may be considered as coordinates of a Euclidean point, and body type
selector application 52 may determine Euclidean distances with each of body types 60.
[0115] For example, assume that the user input body type information includes four
parameters (user P1, user P2, user P3, and user P4). In this example, to determine Euclidean
distance with body type 60A, body type selector application 52 may determine the difference
between each of the four parameters and their respective parameters of body type 60A. Body
type selector application 52 may square the differences, sum the results, and determine the
square root to determine the distance. For example, body type selector application 52 may
determine: sqrt((user P1 — body type 60A P1)? + (user P2 — body type 60A P2)? + (user P3 —
body type 60A P3)? + (user P4 — body type 60A P4)?) equals the distance to body type 60A.
In some examples, to assign more value to a particular parameter (e.g., feature), body type
selector application 52 may determine weighted distances which bias the result towards the
dominant parameter (e.g., body type selector application 52 may select a body type 60 which
fits better on the user from waist point of view than height point of view). Based on the
distances, body type selector application 52 may determine which one of body types 60 is the
closest match to the body type of the user.

[0116] After selecting the body type, renderer application 54 may render the deformed
virtual head representation with a body type (e.g., as selected by body type selector
application 52) based on aligning the body type with a neck seam of the deformed virtual
head representation to create a virtual representation of the user. In one or more examples,
each one of body types 60 may be constructed such that where the neck is to attach on body
types 60 substantially aligns with the neck seam of virtual head representation 58. As
described above, deformation application 50 may not perform (or perform minimal)

deformations on the neck seam of virtual head representation 58 (e.g., selected one of the
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virtual head representations). Therefore, after deformation, the neck seam of the deformed
virtual head representation should substantially align any one of body types 60. Accordingly,
the neck seam of the deformed virtual head representation, as generated by deformation
application 50, should substantially align the selected one of body types 60, as selected by
body type selector application 52. By keeping the neck seam rigid during deformations (e.g.,
not deforming the neck seam), the deformed virtual head representation align spatially with
the neck seam of body types 60 (e.g., top of body types 60).

[0117] To render the deformed facial contour and the selected body type, renderer
application 54 may blend vertices that form the neck seam with vertices at the top of mesh
that forms that selected body type. The result of the blending may be a continuous structure
that looks like the face and body type of the user (e.g., the result of the rendering is a body
that looks like the user). Renderer application 54 may utilize the average skin color to color
in the body, head, and neck of the user so that the result of the rendered head and body 1s
aligned spatially, as well as color and texture wise. Renderer application 54 may generate the
result, for export (e.g., outputting), in any of the standard 3D object formats (e.g., .oby, .ply,
stl, .fbx., .glts, etc.).

|0118] In this way, processing circuitry 44 i1s an example processing circuitry configured to
receive an image (e.g., via transceiver 56) of a user and deform virtual head representation 58
based on facial features of the image. As described, virtual head representation 58 includes a
head portion and a neck seam, and processing circuitry 44 may deform the head portion, but
avoid deforming (e.g., bypass deforming) the neck seam.

[0119] Processing circuitry 44 may render the deformed virtual head representation with a
body type of body types 60 based on aligning the body type with a neck seam of the
deformed virtual head representation to create a virtual representation of the user. Processing
circuitry 44 may then output (e.g., via transceiver 56) graphical information based on the
virtual representation of the user. Examples of the graphical information includes the 3D
object formats such as in .obj, .ply, .stl, .fbx., .glts, etc.

[0120] As described in more detail, any hairstyle can then be applied to customize the 3D
user avatars (e.g., virtual representation) as per user preferences. Apparel and body
accessories can be pre-simulated using the default body database and kept ready for real-time

rendering, minimizing the need of any spatially morphing and thereby reducing the
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computational time required to deliver user requests. Face accessories can be designed for
default deformable 3D face (e.g., virtual head representation 58) and customized for user
generated 3D faces by applying the stored deformations.

[0121] In one or more examples, processing circuitry 44 (e.g., via body type selector
application 52 or some other application) may be configured to maintain which body types
60 are stored in memory 46. Processing circuitry 44 dynamically maintains with flexibility
of adding or removing pre-modelled body types 60 based on insights from user body clusters
identified from real user measurements. As a starting point, various body surveys, such
national body surveys from various countries including the United States and Britain, offers a
good starting point to design a comprehensive set of proprietary pre-modelled 3D bodies
(e.g., body types 60).

[0122] As more and more users interact with processing circuitry 44, user measurement
clusters can be used to implement machine learning algorithms that keep fine-tuning the
database of body types 60 based on data insights and improving the efficacy of the closets-fit
algorithms (e.g., shortest Euclidean distance). For instance, the user provided measurements,
from all the different users and possibly also from the national body surveys, are used as a
starting point to generate initial set of body measurements. Processing circuitry 44 may use
unsupervised machine learning techniques to generate representative subset of this given
input set. For instance, processing circuitry may apply a k-means clustering on the input
measurements. The point of clustering is to create groups of data points which are like each
other within each cluster and differ from points in other clusters.

[0123] Processing circuitry 44 may use body measurements like chest, waist, hips, height,
etc. and the ethnicity of the user as features vectors in distance calculations. For example, for
size of small, medium, large, extra large, double extra large, processing circuitry 44 may
generate clusters across weight, ethnicity, etc.

[0124] Over a period of time, processing circuitry 44 (e.g., via artificial intelligence (Al))
engine) calculates the difference between user measurements and the body types 60 assigned
to those inputs to determine the error associated with each user request. Processing circuitry
44 may compare this delta with a pre-determined maximum delta. This maximum delta may
be the value at which the user cannot determine difference between his or her actual

measurements and those on the created virtual representation (e.g., avatar). If the rendered
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virtual representation delta is more than the pre-determined maximum delta, processing
circuitry 44 may make an entry in a database related to this requested user measurements, the
selected body type 60, and the delta in the measurements. Processing circuitry 44 may
trigger a recalibration of the body set (e.g., of body types 60) to get new representative body
types 60. For this, processing circuitry 44 may re-run the k-means clustering to get k new
cluster centers.

[0125] Processing circuitry 44 may further determine the correct value for k. For example,
processing circuitry 44 may run iterations for decreasing values of k and calculate if
decreasing the number of clusters reduces the error in the centroid representative body
measurements with the actual user inputs of that cluster. This can be used to decrease the
simulation body set size, saving resources.

[0126] In some examples, for the standard sizes (e.g., small, medium, large, extra large, etc.),
an administrator may evaluate virtual apparels having these standard sizes on the virtual body
types (e.g., body types 60) that correspond to these standard sizes. Once the administrator is
done evaluating the virtual apparels, processing circuitry 44 may be configured to morph the
virtual apparel for each of the body types 60. For example, processing circuitry 44 (e.g., via
a body type generation application or some other application) may determine a new body
type that should be added to body types 60 based on body type information that has been
received over time from different users. From this information, processing circuitry 44 may
determine that new body type is needed because the current set of body types 60 is
insufficient as a proper estimate of many of the users. To create the new body type,
processing circuitry 44 may modify one of the base body types 60 (e.g., a body type that
corresponds to standard apparel sizes) such as by deforming the body type. Based on the
deformations needed to deform the base body type to generate the new body type, processing
circuitry 44 may similarly deform the apparel corresponding to the base body type. In this
way, processing circuitry 44 may be configured to generate, very quickly, and with very little
human input or testing, many different body types 60 and the virtual apparel for those body
types 60 to service a wide range of people with different body types.

[0127] Moreover, in some examples, processing circuitry 44 may be configured to construct
body types 60 that are more relevant for different geographic locations or other

characteristics that may be common across groups of peoples. For example, once processing
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circuitry 44 has received a substantial number of user inputs (e.g., user provide body type
information), processing circuitry 44 may perform a combination of polynomial regression
and step function on that data set and determine results to make the set of bodies more
relevant to the user population. Processing circuitry 44 may determine the ranges where
more bodies need to be added in the set of body types 60 to get higher accuracies for user
mputs as well as identify the bodies in the set which are not being served to the users on a
broader scale or are the outliers to discard.

[0128] One example way in which to polynomial regression and step function is as follows.
There may be k-mean clusters for each of the user input — height, waist, bust and hips. The
following describes the example techniques with respect to height, but the example
techniques are applicable to the waist, bust, and hips as well.

[0129] As one example, height category includes 5 k-mean clusters based on user inputs.
Processing circuitry 44 may perform linear regression to the mean for each of those clusters
and work towards evening out the anomalies/outliers that were existing in the dataset created
upfront. From each mean value, processing circuitry 44 may extend three standard
deviations to reach 99.7% accuracy for the predicted dataset. This process results in five
different linear regression models in steps of increasing value from the least measurement to
the highest. These linear regressions will eventually be combined to form a polynomial
regression.

[0130] The dataset generated from each input category regression analysis will then be used
to form combinations with the same analysis of other input parameters to create the
framework for body creation and/or validation of existing dataset. Using the above example
techniques, the user creates a virtual representation in real-time because the morphing of the
head is separated from body type selection allowing for not only parallel processing, but
reduction in deformations because the body type is selected. With the virtual representation,
the user may be able to try on different apparels. For instance, virtual representations of the
apparel may have been previously created and rendered with body types 60. In one or more
examples, the rendering performed by renderer application 54 includes rendering a selected
apparel on top of the selected one of body types 60. For example, the user may be shown
different apparel options. The user selects which apparel to “wear” and renderer application

54 renders the apparel on the virtual representation. In such examples, the graphical
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information based on the virtual representation of the user that processing circuitry 44
outputs includes the graphical information of the apparel on top of the virtual representation.
[0131] In some examples, memory 46 may pre-store the virtual representation of the apparel
on body types 60. In such examples, body type selector application 52 may select the body
type based on body types 60 and the body type information. However, renderer application
54 may render the selected body type, with the user selected apparel on the body type, with
the deformed virtual head representation aligned at the neck seam to create the virtual
representation. Accordingly, the examples for rendering to create a virtual representation
include examples where the virtual representation includes the apparel and examples where
the virtual representation does not include the apparel. Also, examples of outputting
graphical information include examples where processing circuitry 44 outputs graphical
information of the virtual representation and examples where processing circuitry 44 outputs
graphical information of the virtual representation having the selected apparel on the virtual
representation.

[0132] Furthermore, in some examples, the user may desire to determine the fit and style of
various accessories such as different hair styles, earring, etc. In some examples, processing
circuitry 44 may be configured, via renderer application 54, to render accessories on the
virtual representation of the user. For example, once a user creates his or her own virtual
representation, the user can request to visualize a 3D accessory (e.g., hairstyles, sunglasses,
specs, earrings etc.) or a cosmetic product (e.g., lipstick, eye liners, pops, etc.) on their own
virtual representation. However, rendering the user requests in real-time may require
optimization to allow processing circuitry 44 to render the virtual representation with the
accessories. In this disclosure, cosmetics can be considered as an example of an accessory.
[0133] In one or more examples, deformation application 50, or possibly another application,
may be configured to apply deformations to pre-modeled virtual representations of
accessories, stored as accessories 62. The deformations may be such as to morph the
accessory so that the morphed accessory has the right fit for the user.

[0134] Accessories 62 are examples of accessories and cosmetic products that are pre-
registered in spatial alignment with virtual head representation 58. For example, accessories
62 are pre-modeled so that accessories 62 fit on virtual head representation 58 before any

deformations. For example, processing circuity 44 or some other computing device registers
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(e.g., identifies as corresponding) vertices of the 3D accessory or cosmetic product with
respect to vertices on virtual head representation 58 (e.g., by spatially registering the 3D
surface of the accessory or cosmetic product with respect to the 3D surface of virtual head
representation 58). As illustrated, memory 46 stores the detailed propriety models as
accessories 62 with all the information.

[0135] As described above, deformation application 50 determines and stores information
indicative of the deformations that are to be applied to virtual head representation 58. In
some examples, deformation application 50 utilizes this stored information indicative of the
deformations to determine how to morph (e.g., deform) accessories 62 to determine the style
and fit of the accessory on the user. Deformation application 50 may then deform the
selected ones of accessories 62. In this manner, computational resources are not wasted
recomputing how to deform accessories 62. Rather, deformations determined for deforming
virtual head representation 58 can be reused to deform accessories 62 to ensure that
accessories 62 are spatially aligned with the virtual representation of the user.

[0136] Accordingly, in one or more examples, processing circuitry 44, via deformation
application 50, may determine deformations to apply to virtual head representation 58 based
on the facial features in the image, and apply the deformations based on the determined
deformations. Processing circuitry 44 may retrieve a model of an accessory or cosmetic
product (e.g., one of accessories 62) based on user selection. In some examples, the model of
the selected one of accessories 62 is pre-registered in spatial alignment with virtual head
representation 58. Because accessories 62 are pre-registered in spatial alignment with virtual
head representation 58, deformation application 50 may be able to apply deformations
determined as part of deforming virtual head representation 58 to deform the selected one of
accessories 62.

[0137] Renderer application 54 may render the deformed model of the selected one of
accessories 62 on the virtual representation. For example, renderer application 54 may
output graphical information of the deformed model of the accessory or cosmetic product
(e.g., as a 3D object). In this manner, the output from processing circuitry 44 may be
graphical information of the virtual representation of the user along with the chosen apparel
and chosen accessories. Personal computing device 12 receives the output from processing

circuitry 44 and GPU 28 renders the virtual representation with the apparel and accessories
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on display 38 for the user to determine the style and fit. In some examples, processing
circuitry 44 may separately output graphical information of the virtual representation and the
virtual representation of the apparel and/or accessories. In such examples, GPU 28 may
render the virtual representation, the virtual apparel, and/or the virtual accessories and stitch
them together. In this disclosure, processing circuitry 44 outputting graphical information
includes examples where processing circuitry 44 renders the virtual representation, virtual
apparel, and virtual accessories together, and outputs the resulting graphical information, or
outputs the graphical information for one or more of the virtual representation, virtual
apparel, and virtual accessories, separately.

[0138] The above example techniques may be utilized to generate a static low-polygon 3D
virtual representation, which is efficient to use for style and fit evaluation of apparel and
accessories. Having such a static low-polygon 3D virtual representation may be beneficial
because it reduces the amount of time needed to render on personal computing device 12, as
well reduce the time needed for generation on processing circuitry 44. Accordingly, in some
examples, the static low-polygon 3D virtual representations may be created relatively fast in
cloud 16 and then rendered quickly on personal computing device 12.

|0139] However, in some examples, there may be benefits of creating non-static virtual
representations (e.g., virtual representations that can move and be animated). Processing
circuitry 44 may be configured to generate “pre-rigged” high-polygon 3D virtual
representations for various reasons such as advertising products, product recommendations,
and virtual reality (VR) headset based experiences. The promotional videos may be created
after putting the virtual representation in any 3D environment with any apparel or accessory
combination and applying a motion capture animation sequence. The animation may be
sequenced in true life-size 3D and dynamic motion-based videos can be created using camera
views in the true life-size 3D environment. The animations may also be exported as 360-
degree videos for viewing via a virtual reality headset to experience a life-size immersive
experience.

[0140] Pre-rigged high-polygon 3D virtual representations may be similar to the static low-
polygon 3D virtual representations; however, virtual head representation 58 and body types
60 may be “pre-rigged.” Pre-rigged means that in addition to the shape, virtual head

representation 58 and body types 60 include skeletal and muscular information. For
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example, the vertices of virtual head representation 58 and body types 60 are registered to
(e.g., correspond to) skeletal and muscular points. The skeletal and muscular points may be
define flex points along with virtual head representation 58 and body types 60 can shift or
bend.

[0141] The virtual representation generated accordingly has all rigged information (skeleton,
muscle, and facial morph) and can then be animated programmatically using motion capture
sequences. The virtual representation can be placed in any 3D environment with apparel and
accessories and then animated videos can be created using associated motion capture
sequences of the virtual representation.

[0142] For example, renderer application 54 may be configured to apply a relevant motion
sequence selected by the user onto the rigged virtual representation. The motion sequence is
checked (e.g., manually upfront once at time of selection of motion sequence) for any
inconsistency or body parts clashing issues to have a seamless motion of the virtual
representation. Once there 1s a pass through the boundary conditions as laid out for all the
bodies together, the motion sequence can be applied onto any rigged body from the dataset in
run time. The motion sequence applied on the virtual representation 1s used to create cloth
physics motion by simulating the motion of the cloth along the with the user motion. In this
way, realistic cloth simulation is created and exported for each type of motion sequence
selected by the user.

[0143] Simultaneously, the simulation for hair and other body accessories including shoes is
recorded for the selection motion sequence. A developer may determine a 3D environment
as suitable for animation adding in all relevant files including the scene elements and props
along with the virtual representation, apparels, and accessories. In such examples, the
developer may separately program and develop the environment and select the particular
animation to apply, and then leverage the virtual representation having the apparels and
accessories, as created using the example techniques described in this disclosure to generate
the motion sequence. Renderer application 54 may render the final video of the animation
sequence and output the video as a 2D video format or in a 360-degree 3D video format.
[0144] FIG. 4 is a flowchart illustrating an example method of generating and outputting
virtual apparels in accordance with one or more example techniques described in this

disclosure. In one or more examples, a user may desire to determine how apparels would
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appear on his or her body. To achieve that, processing circuitry 44 may be configured to
generate a plurality of virtual apparels (e.g., via execution of an apparel generating
application). For example, processing circuitry 44 may execute the apparel generation
application.

[0145] To create the plurality of virtual apparels, an administrator may create a pattern for an
apparel (64). For example, the administrator may take an image of the apparel or find an
image of the apparel (e.g., online). In some examples, a designer or user may upload the
image. For example, a designer may consider the ability of users to virtually try the style and
fit as good advertisement, and may therefore provide the image. As another example, a user
may identify an apparel for which he or she wants to determine the style and fit for his or her
body.

[0146] Based on the image, the administrator may define key points on the apparel, and
primitives that are used to form the apparel. From this, the administrator may define a virtual
apparel mesh, and define color for the mesh based on the color in the image. One example
way for the administrator to define a first virtual apparel 1s as follows. If the pattern is
existing in the database, then virtual apparel for that pattern is done in an automated
simulation process on cloud 16. The identified pattern file is provided as input and then
based on the grading of that apparel (sizes like S, M, L, XL, etc.) the right size is picked for
each body (considering body size), simulated and exported. If the pattern was not existing in
the database then using a CAD/CAM file (dxf file) an administrator will create the base cloth
file which has stitching information for creation of the 3D mesh from the CAD/CAM file as
well as the size grading information to drape that apparel on all the bodies in a simulation
run.

[0147] The administrator may then load up, for display on a local display, base body types
from body types 60 and modify the virtual apparel mesh to fit each of the base body types
(66). A base body type is a body type for which standard sizes are generated. For example,
the base body types are body types that define the standard sizes of XXS (extra-extra-small),
XS, S, M (medium), L (large), XL, XXL, and XXXL. For each of these body types, the
administrator may manually modify the virtual apparel mesh on top of graphical

presentations of body types of body types 60 that correspond to body types for these standard
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sizes. The administrator may store information that indicates how the virtual apparel mesh
was modified for each of the base body types.

[0148] For each body type in each category of base body types, processing circuitry 44 may
generate virtual apparels corresponding to each of body types 60 based on the base body
types (68). Although there is a base body type that defines each of these standard sizes, there
may be a plurality of body types that each fall under the same size category. For example,
there may be a plurality of body types 60 for which each of the standard sizes would fit. For
instance, there may be a plurality of body types 60 that would all fit under XXS, a plurality
of body types 60 that would all fit under XS, and so forth.

[0149] For each of the body types in a standard size category, processing circuitry 44 may
determine a difference in the body type and the base body type. Based on the difference,
processing circuitry 44 may determine deformations (e.g., morphs) to apply to the virtual
apparel for the base body type, and processing circuitry 44 may generate a virtual apparel
that fits the corresponding body type. Processing circuitry 44 may store graphical
information for the generated virtual apparel in memory 46. These operations may be all
automated, and require little or no human interference.

|0150] As an example, assume there are 100 body types that all fall under the L (large)
category. For the first of the 100 body types, processing circuitry 44 may determine the
difference 1n the first body type and the base body type for size L. Based on the difference,
processing circuitry 44 may deform the virtual apparel for the base body type for size L to
generate a virtual representation for the first body type. For the second of the 100 body
types, processing circuitry 44 may determine the difference in the second body type and the
base body type for size L. Based on the difference, processing circuitry 44 may deform the
virtual apparel for the base body type for size L to generate a virtual representation for the
second body type, and so forth. Processing circuitry 44 may store information for the
resulting virtual apparels (e.g., virtual representations of the apparels) in memory 46 (70).
[0151] In one or more examples, processing circuitry 44 may receive information from the
user regarding for which apparel he or she wants to determine the style and fit. As described
above, processing circuitry 44 may select a body type for the user based on user provided
body type information. Processing circuitry 44 may determine a virtual apparel from the

stored virtual apparels based on the selected body type (72). For example, assume that
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processing circuitry 44 selected the second body type of the 100 body types for size L for the
user. In this example, processing circuitry 44 may determine the virtual apparel generated for
the second body type of the 100 body types for size L, as described above, based on the
selected body type being the second body type of the 100 body types for size L.

[0152] Processing circuitry 44 may output graphical information based on the determined
virtual apparel (74). As one example, processing circuitry 44 may render the determined
virtual apparel on top of the virtual representation of the user generated using the above
example techniques. In this example, the graphical information may be considered as the
combination of the virtual apparel rendered on the virtual representation. As another
example, processing circuitry 44 may output the graphical information for the determined
virtual apparel and output the graphical information for the virtual representation. GPU 28
may then render the virtual apparel on top of the virtual representation.

[0153] In this way, an administrator may simulate apparel across body types for standard size
categories, which are much less in number compared to total number of body types 60, and
generate and store information for these virtual apparels (e.g., as garment files). Processing
circuitry 44 may automatically simulate virtual apparels across all body types 60 belonging
to these size categories. For each size category, the virtual apparel corresponding to the base
body type for the base size is loaded, and then all body types in that size category are loaded
one after the other as morphed targets (e.g., the targets to which the virtual apparel for the
base body type for the base size are to be deformed). The steps of loading, simulation, and
storing virtual apparels for the different body types, using 3D simulation software, is
automated to require less human intervention.

[0154] Examples of 3D simulation software for loading, simulating, and storing include
Clo3D, VStitcher, Optitex and Tukatech. In general, most any 3D garment simulation
software may be used. The administrator may use automation code on top of this simulation
software, such as a python script, to call these functions in the software and perform them in
automated manner on cloud 16.

[0155] FIG. 5 1s a flowchart illustrating example operations of virtual representation creation
of a user. Processing circuitry 44 may receive an image of a user (76). The image of the user
includes an image of the frontal face of the user. Processing circuitry 44 may deform a

virtual head representation based on facial features of the image (78).
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[0156] For example, processing circuitry 44 may execute facial feature extraction module 438.
Processing circuitry 44, via execution of facial feature extraction module 48, determines skin
areas in a face of the user in the image, determines an average skin complexion based on the
skin areas, determines impact of lighting conditions based on the average skin complexion,
determines relative distances of various points on the face based on the determined impact of
the lighting conditions, and determines the facial features, including face shape and contour,
based on the determined relative distances.

[0157] Based on the face shape and contour, deformation application 50, executing on
processing circuitry 44, determines the deformations to apply to facial contour 58 based on
the face shape and contour. Deformation application 50 may then apply the determined
deformations to virtual head representation 58. For example, virtual head representation 58
includes a head portion and a neck seam (e.g., the bottom of a neck portion of virtual head
representation 58). Deformation application 50 may apply the determined deformations to
the head portion, and avoid deforming the neck seam (e.g., keep the neck seam rigid).

[0158] Processing circuitry 44, via renderer application 54, may render the deformed virtual
head representation with a body type based on aligning the body type with a neck seam of the
deformed virtual head representation to create a virtual representation of the user (80). For
example, as described above and described in more detail with respect to FIG. 6, processing
circuitry 44, via execution of body type selector application 52, may select a body type for
the user. The body type that processing circuitry 44 selects may be from body types 60 that
are specifically constructed such that the neck seam of the body types 60 aligns substantially
with the neck seam of virtual head representation 58 (e.g., so that the ends of the neck seams
line up, and the curvature of the neck seams line up). As described above, alignment of the
neck seams means that the ends of the neck seams line up, and the curvature of the neck
seams line up such that the neck seam of the virtual head representation and the neck seam of
the body type line up to form a contiguous connection between head and body, with little to
no gaps or such that the neck seam of the virtual head representation does not extend beyond
the neck seam of the body type, and vice-versa.

[0159] Because the neck seam of virtual head representation 58 was not deformed during the
deformation of virtual head representation 58, a neck seam of the deformed virtual head

representation substantially aligns with the neck seam of the selected body type.
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Accordingly, renderer application 54 may blend the neck seam of the deformed virtual head
representation with the neck seam of the selected body type to create a virtual representation
of the user.

[0160] Furthermore, in some examples, renderer application 54 may render skin color and
facial texture to the deformed virtual head representation. In such examples, renderer
application 54 may render the deformed virtual head representation having the skin color and
facial texture with the body type (e.g., the selected body type selected by body type selector
application 52).

[0161] Processing circuitry 44 may output graphical information based on the virtual
representation (82). For example, processing circuitry 44 may output commands and
graphics data in accordance with OpenGL. such that GPU 28 of personal computing device
12 can interpret the commands and data and reconstruct the virtual representation on personal
computing device 12.

[0162] FIG. 6 1s a flowchart illustrating example operations of selecting a body type for
generating a virtual representation of a user. In some examples, processing circuitry 44
receives body type information of the user (84). As one example, the user inputs height,
weight, waist, bust/chest, etc. as body type parameters for the body type information. As
another example, the user may provide a full body image from which processing circuitry 44
may determine the body type information.

[0163] Body type selector application 52, executing on processing circuitry 44, may select a
body type from body types 60 as the body type that most closely matches the parameters of
the body type information provided by the user (e.g., via input or via the image) (86). As one
example, body type selection application 52 may determine a first subset of body types 60
from the plurality of body types 60 having the same parameter as a first parameter of the
received body type information (e.g., determine body types 60 having the same height
parameter as the height parameter of the received body type information). Body type
selector application 52 may determine a second subset, from the first subset, having the same
parameter as a second parameter of the received body type information (e.g., determine body
types 60 from the first subset having the same waist parameter as the waist parameter of the

received body type information).
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[0164] Body type selector application 52 may determine a body type from the second subset
of body types as a closest match to the received body type information to select the body
type. For example, body type selector application 52 may determine a Euclidean distance
between each body type in the second subset and determine which one of the body types in
the second subset has the smallest distance. If there is a tie between multiple body types,
then body type selector application 52 may utilize a tie breaking algorithm. For instance,
body type selector application 52 may determine among the body types having the same
Fuclidean distance, which one has a third parameter that is closest to a third parameter of the
user provided body type information, and try the fourth parameter, fifth parameter, and so on,
until body type selector application 52 finds a body type where there is no tie. Body type
selection application 52 may select that body type as the body type that is the closest match
to the body type of the user.

[0165] Renderer application 54 may render the deformed virtual head representation with the
selected body type (88). For example, as described above, renderer application 54 may blend
the neck seam of the deformed virtual head representation with the neck seam of the selected
body type to create the virtual representation of the user.

|0166] F1G. 7 1s a flowchart illustrating example operations of generating a virtual
representation accessories or cosmetics to apply to a virtual representation of a user. As
described above, during the deformations performed to virtual head representation 58,
deformation application 50 may determine the deformations to apply to virtual head
representation 58 based on the facial features in the image of the face of the user (90).

[0167] Processing circuitry 44 may receive information indicating for which one of
accessories from accessories 62 a user wants to determine the style and fit. Deformation
application 50 may retrieve a model of accessory from accessories 62 or cosmetic product
based on the user selection (92).

[0168] Deformation application 50 may deform the model of the accessory product or
cosmetic product based on the determined deformations that deformation application had
determined to be applied to virtual head representation 58 (94). As described above,
accessories 62 may be pre-registered in spatial alignment with virtual head representation 58,
which means that virtual representations of the accessories (e.g., accessories 62) may be

formed such that accessories 62 fit on virtual head representation 58. Therefore,
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deformations applied to virtual head representation 58 may be indicative of deformations to
be applied to accessories 62 for fast construction of accessories and how they will look on the
user. For example, deformation application 50 may scale, shift, expand, contract, etc. the
model of the accessory based on the deformations applied to virtual head representation 58.
[0169] Processing circuity 44 may output graphical information of the deformed model of
the accessory or cosmetic product (96). As one example, renderer application 54 may render
the deformed model of the accessory on-top-of the virtual representation of the user, and
processing circuitry 44 may output graphical information for the combined virtual
representation of the user with the deformed model of the accessory (e.g., virtual
representation of the accessory). As another example, renderer application 54 may output the
virtual representation of the user and output the virtual representation of the accessory. GPU
28 may then stitch the virtual representation of the accessory to the virtual representation of
the user.

[0170] FIG. 8 1s a flowchart illustrating example operations of rendering a virtual
representation for movement. In some examples, processing circuitry 44 may determine a
rigged avatar based on the virtual representation of the user (98). The rigged avatar includes
graphical information of a skeleton and muscle tissue of the virtual representation. For
instance, in some examples, virtual head representation 58 and body types 60 may include
rigged information such as information about the skeleton and muscle tissue, and processing
circuitry 44 may create the virtual representation of the user using such rigged information.
The result is a so-called rigged avatar that can better mimic the user movement because
skeletal and muscle information can be used to determine how the user will appear when
moving,.

[0171] For example, processing circuitry 44 may receive information indicating a manner in
which the user is moving the virtual representation (100). In response, renderer application
54 may render the rigged avatar based on the manner in which the user is moving the virtual
representation (102). Processing circuitry 44 may output the graphical information based on
the rendering of the rigged avatar (104). In some examples, processing circuitry 44 may
determining a manner in which graphical clothing flows based on the manner in which the

user is moving the virtual representation. In such examples, processing circuitry 44 may
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output the graphical information based on the rendering of the rigged avatar and the manner
in which the graphical clothing is flowing

[0172] The techniques of this disclosure may be implemented in a wide variety of computing
devices. Any of the described units, modules or components may be implemented together
or separately as discrete but interoperable logic devices. Depiction of different features as
applications or units 1s intended to highlight different functional aspects and does not
necessarily imply that such applications or units must be realized by separate hardware or
software components. Rather, functionality associated with one or more applications or units
may be performed by separate hardware or software components, or integrated within
common or separate hardware or software components.

[0173] The techniques described in this disclosure may be implemented, at least in part, in
hardware, software, firmware or any combination thereof. For example, various aspects of
the techniques may be implemented within one or more microprocessors, digital signal
processors (DSPs), application specific integrated circuits (ASICs), field programmable gate

arrays (FPGAs), or any other equivalent integrated or discrete logic circuitry. The terms

23 ¢ 23 ¢

“processor,” “processing circuitry,” “controller” or “control module” may generally refer to
any of the foregoing logic circuitry, alone or in combination with other logic circuitry, or any
other equivalent circuitry, and alone or in combination with other digital or analog circuitry.
[0174] For aspects implemented in software, at least some of the functionality ascribed to the
systems and devices described in this disclosure may be embodied as instructions on a
computer-readable storage medium such as random access memory (RAM), read-only
memory (ROM), non-volatile random access memory (NVRAM), electrically erasable
programmable read-only memory (EEPROM), FLASH memory, magnetic media, optical
media, or the like that is tangible. The computer-readable storage media may be referred to
as non-transitory. A server, client computing device, or any other computing device may
also contain a more portable removable memory type to enable easy data transfer or offline
data analysis. The instructions may be executed to support one or more aspects of the
functionality described in this disclosure.

[0175] In some examples, a computer-readable storage medium comprises non-transitory

medium. The term “non-transitory’ may indicate that the storage medium is not embodied in
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a carrier wave or a propagated signal. In certain examples, a non-transitory storage medium
may store data that can, over time, change (e.g., in RAM or cache).
[0176] Various examples of the devices, systems, and methods in accordance with the

description provided in this disclosure are provided below.
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CLAIMS:

1. A method of virtual representation creation, the method comprising:

receiving an image of a user;

deforming a virtual head representation based on facial features in the image, wherein
the virtual head representation includes a head portion and a neck seam, and wherein
deforming the virtual head representation comprises deforming the head portion, and
avoiding deforming the neck seam;

rendering the deformed virtual head representation with a body type based on
aligning the body type with a neck seam of the deformed virtual head representation to create
a virtual representation of the user; and

outputting graphical information based on the virtual representation of the user.

2. The method of claim 1, further comprising:

receiving body type information of the user; and

selecting a body type from a plurality of body types based on the received body type
information,

wherein rendering the deformed virtual head representation with the body type

comprises rendering the deformed virtual head representation with the selected body type.

3. The method of claim 2, wherein selecting the body type comprises:

determining a first subset of body types from the plurality of body types having the
same parameter as a first parameter of the received body type information;

determining, from the first subset of body types, a second subset of body types having
the same parameter as a second parameter of the received body type information; and

determining a body type from the second subset of body types that is a closest match
to the received body type information to select the body type.
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4, The method of claim 1, further comprising;

determining deformations to apply to the virtual head representation based on the
facial features in the image;

retrieving a model of an accessory, wherein the model is pre-registered in spatial
alignment with the virtual head representation;

deforming the model of the accessory based on the determined deformations; and

outputting graphical information of the deformed model of the accessory.

5. The method of claim 1, further comprising;:

determining skin areas in a face of the user in the image;

determining an average skin complexion based on the skin areas;

determining impact of lighting conditions based on the average skin complexion;

determining relative distances of various points on the face based on the determined
impact of the lighting conditions;

determining the facial features, including face shape and facial contour, based on the
determined relative distances; and

determining deformations to apply to the facial contour based on the face shape and
facial contour,

wherein deforming the virtual head representation based on the facial features in the
image comprises deforming the virtual head representation based on the determined

deformations.

6. The method of claim 1, further comprising:
rendering skin color and facial texture to the deformed virtual head representation,
wherein rendering the deformed virtual head representation with the body type
comprises rendering the deformed virtual head representation having the skin color and facial

texture with the body type.
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7. The method of claim 1, further comprising;

determining a rigged avatar as the virtual representation of the user, wherein the
rigged avatar includes graphical information of a skeleton and muscle tissue of the virtual
representation;

receiving information indicating a manner in which the user is moving the virtual
representation;

rendering the rigged avatar based on the manner in which the user is moving the
virtual representation; and

outputting graphical information based on the rendering of the rigged avatar.

8. The method of claim 7, further comprising;:

determining a manner in which graphical clothing flows based on the manner in
which the user is moving the virtual representation,

wherein outputting the graphical information comprises outputting the graphical
information based on the rendering of the rigged avatar and the manner in which the

graphical clothing is flowing.

9. The method of claim 1, further comprising:

receiving information for virtual apparels for a plurality of base body types;

generating virtual apparels for a plurality of body types based on information for
virtual apparels for the plurality of base body types; and

determining a virtual apparel of the generated virtual apparels that corresponds with
the body type,

wherein outputting the graphical information comprises outputting the graphical

information based on the determined virtual apparel and the virtual representation of the user.
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10. A system comprising;:

memory configured to store a virtual head representation; and
processing circuitry configured to:

receive an image of a user;

deform a virtual head representation based on facial features in the image,
wherein the virtual head representation includes a head portion and a neck seam, and
wherein to deform the virtual head representation, the processing circuitry is
configured to deform the head portion, and avoid deforming the neck seam;

render the deformed virtual head representation with a body type based on
aligning the body type with a neck seam of the deformed virtual head representation
to create a virtual representation of the user; and

output graphical information based on the virtual representation of the user.

11. The device of claim 10, wherein the memory is configured to store a plurality of body
types, and wherein the processing circuitry is configured to:

receive body type information of the user; and

select a body type from the plurality of body types based on the received body type
information,

wherein to render the deformed virtual head representation with the body type, the
processing circuitry is configured to render the deformed virtual head representation with the

selected body type.

12. The device of claim 11, wherein to select the body type, the processing circuitry is
configured to:

determine a first subset of body types from the plurality of body types having the
same parameter as a first parameter of the received body type information;

determine, from the first subset of body types, a second subset of body types having
the same parameter as a second parameter of the received body type information; and

determine a body type from the second subset of body types that is a closest match to

the received body type information to select the body type.
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13. The device of claim 10, wherein the processing circuitry is configured to:

determine deformations to apply to the virtual head representation based on the facial
features in the image;

retrieve a model of an accessory, wherein the model is pre-registered in spatial
alignment with the virtual head representation;

deform the model of the accessory based on the determined deformations; and

output graphical information of the deformed model of the accessory.

14. The device of claim 10, wherein the processing circuitry is configured to:

determine skin areas in a face of the user in the image;

determine an average skin complexion based on the skin areas;

determine impact of lighting conditions based on the average skin complexion;

determine relative distances of various points on the face based on the determined
impact of the lighting conditions;

determine the facial features, including face shape and facial contour, based on the
determined relative distances; and

determine the deformations to apply to the facial contour based on the face shape and
facial contour,

wherein to deform the virtual head representation based on the facial features in the
image, the processing circuitry is configured to deform the virtual head representation based

on the determined deformations.

15. The device of 10, wherein the processing circuitry is configured to:
render skin color and facial texture to the deformed virtual head representation,
wherein to render the deformed virtual head representation with the body type, the
processing circuitry is configured to render the deformed virtual head representation having

the skin color and facial texture with the body type.
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16. The device of claim 10, wherein the processing circuitry is configured to:

determine a rigged avatar as the virtual representation of the user, wherein the rigged
avatar includes graphical information of a skeleton and muscle tissue of the virtual
representation;

receive information indicating a manner in which the user i1s moving the virtual
representation;

render the rigged avatar based on the manner in which the user is moving the virtual
representation; and

output graphical information based on the rendering of the rigged avatar.

17. The device of claim 16, wherein the processing circuitry is configured to:

determine a manner in which graphical clothing is flow based on the manner in which
the user 1s moving the virtual representation,

wherein to output the graphical information, the processing circuitry is configured to
output the graphical information based on the rendering of the rigged avatar and the manner

in which the graphical clothing 1s flowing.

18. The device of claim 10, wherein the processing circuitry is configured to:

receive information for virtual apparels for a plurality of base body types;

generate virtual apparels for a plurality of body types based on information for virtual
apparels for the plurality of base body types; and

determine a virtual apparel of the generated virtual apparels that corresponds with the
body type,

wherein to output the graphical information, the processing circuitry is configured to
output the graphical information based on the determined virtual apparel and the virtual

representation of the user.
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19. A computer-readable storage medium storing instructions that when executed cause
processing circuitry to:

receive an image of a user;

deform a virtual head representation based on facial features in the image, wherein
the virtual head representation includes a head portion and a neck seam, and wherein the
istructions that cause the processing circuitry to deform the virtual head representation
comprise instructions that cause the processing circuitry to deform the head portion, and
avoid deforming the neck seam;

render the deformed virtual head representation with a body type based on aligning
the body type with a neck seam of the deformed virtual head representation to create a virtual
representation of the user; and

output graphical information based on the virtual representation of the user.

20. The computer-readable storage medium of claim 19, further comprising instructions
that cause the processing circuitry to:

receive body type information of the user; and

select a body type from a plurality of body types based on the received body type
information,

wherein the instructions that cause the processing circuitry to render the deformed
virtual head representation with the body type comprise instructions that cause the processing

circuitry to render the deformed virtual head representation with the selected body type.
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ABSTRACT
This disclosure describes example techniques for personalized virtual look, fit, and
animation of apparel, accessories, and cosmetics on a virtual representation of a user. The
disclosure describes way to deliver an immersive 3D digital experience for style and fit.
Processing circuitry of one or more computing devices may create the virtual representation

of the user based on an image of the face of the user and a selected body type in real-time.
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By the USPFTC o process) 50 appl n, Confidantiativy | ¥v35 WSO 122 and G CFR 1,11 and 1.14, This ooilection s estimated {0 take 1 minule to
complets, induding gathesing, prepading, snd submitting the comgleted sppication fanm o the ISP TO, Time will vary dapending uparnthe individual tase, Any
cemmants on the-amount of ime you reguire to. complets this form and/or suggestions for reducing this burden, should e sent to the Chief Information Officer, U,8:
Paterdt and Trademark Clfics, 1.8, Depaniment of Commeree, 7.Q: Box 1450, Alerandria, YA 22313-1450. BO NOT SEND FEES OR COMPLETED FORME TO
THIZ ADDGRESS SEND TO: Commissionar for Patents P.O. Heos 1450, Mexandrig, VA 333424480,

i yoti need agsistance in camplefing the form, ot 1-800-FTQ-0199 and selech.oplion 2.
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-573) requires that yau be given certain information in connectinn
with your submission of the attached forrm relaten to = patent application or gatent. Accordingly,
pursuant to the requiremenis of the Act, please be advised that: {1) the general authority for the
sollection of this information is 35 U.8.C. 2(b)(2}) (2} furnishing of the information solicited is voluntary;
and (3} the principal purpuse for which the information is used by the U.S. Patent and Trademark
Office is to process andfor examine your submission related to a patent application or patent. if you do
not furnish the requested information, the 1.8, Patert and Trademark Office may not be able to
process andfor examine your sebmission, which may resudt in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1. The information on this form will be treated confidentially to the extent atfowed under the
Fresdom of Informalion Act (5§ U.S.C. 552) and the Privacy Act {5 U.8.C 582a). Records from
this system of records may be disclosed to the Deparitment of Justice 1o delermine whether
disclosure of these records is required by the Freedom of Information Act

2. A record fromy this system of regords may be disclosed, as a routing use, if the course of

presenting evidence to @ court, magistrata, or administrative tribupal, including disclosures to

ppRosing counsel in the course of settfemeant negotiations,

A reeord i this system of records may be disclosed, as a routine use, to a Membaer of

Congress submitting & requsst involving an individual, to whont the record pertaing, when the

individuat has requested assistance Trom the Member with respect to the subject matier of the

ragord.

4. A rgeord in this system of records may be disclosed, as aroutine use, to a cantractor of tha
Agerncy having need for the information in order to perform a contract Regipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended,; pursuant {05 1.8.C. 552a{m).

5. A record 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 Intemational Bureau of the

World intellectual Progerty Organization, pursuant to ihe Patent Cooperation TFreaty.

Arecord in this systern of recards may be disclosed, as a mutine uss, fo another federal

agency for purposes of National Sacurity review (35 U.S.C. 181) and for review pursuant to

the Atomic Energy Act {42 U.5.C. 218{c)).

7. A record from this system of records may be digclosed, as 4 routine use, to the Administrator,
General Services, or hisfher designee, during an inspection of recards conducted by GSA as
part of that agency's responsibilfity 1o 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 ralevarit { L., GS5A 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
sither publication of the application pursuant to 35 U.8.C. 122{b) or issuanse of a patent
pursyant 1o 38 UW.S.C. 181, Further, a record may be disclosed, subject to the limitations of 37
CFR 114, as a routine use. to the public if the record was filed in an application which
pecame abandoned or in which the proceedings were terminated and which application is
raferanced by eithar a publishad application, an application open to public inspection ot an
issued patent.

8.  Acrecord fromt this system of records may be disclosed, as a routine use, 1o a Federal, State,
or lopal law enforcement agency, i the USPTO becomes aware of a vielation or potential
violation of taw or regulation.

w

g
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PTOMAINGT (08-12)
Approved Toruse hiough 11/30/2020. QMB 0851~ :

WS Patent and Trademary Qe 138, DEPARTMENT OF COMMERCE

Under the Paparwork Reduction Act of 1948, o pertons aie raguired fo respand to a cellectinn of infermation unf it displays. a;valid OME contral number:

DECLARATION (37 CFR 1.63) FOR UTILITY OR DEBIGN APPLSCATEDN USING AN \

APPLICATION DATA SHEET (37 CFR 1.76)

Title of ‘ViRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE OF
Invention | APPAREL AND ACCESSORIES

As the below named inventar, 1 hereby declare that:

- This declaration [

o ; The attached application, or
is directed to: attached application

Linited States application or PCT international application number

filad oo

The above-identifred application was mads or autharized to be made by me.

{ believe that | am the odginat inventor or an original oint inventor of a claimed invention in the appligation.

{ hereby acknowledge that any willfu {atse staternent ade in this'declaration s punishable under 18 U.8.C. 1601
by fine or imprisonment of nol more than five (8) years, or both.

WARNING:

Fatitiones/applicant is cautioned to avoid submitting personat information i documents filed in 8 patent application that may
sontribute to identity theft. Parsonat information such as social security numbers, bank account pumbers, or cradit card numbers
{cther than & chack or oredit card authorization form PTO-2038 submitted for payrment purposss) is naver reguired by the USPFTO
i sugpart a petition or an application. I this lypa of persaaalinformation is included in documents submitted 1o the USPTO,
peliioners/applicants should cansider redacting such personal information from the documents bafore submitting them. fo the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication.of the
application {unless.a non-publication reguest in compliance with 37 CFR 1.213{(a} ismade inthe application) or issuance of a
patent. Furihermore, the record from an abandoned application may also be avallabie 1o the public if the application is
referenced in a published application or an issuad patent (see 37 OFR 114 Checks and cradit card authosization forras
PT0-2038 submitted for payment purposes are not ratained in the application file and therefore are not publicly avalabie,

LEGAL NAME OF INVENTOR

tventor: Gz urav Baid Dats (Optional) -
. 8
Signature: @OJQS'
\

Note: An application data sheet (PTO/SE/14 or eguivalent), including naming the entire inventive enfity, must accompany this form or must have
heen previousty filed. Use an additicnal PTOAIADT form for each additional inventor,

LO¥YE ang 37 GFR 1.683. The information isrequired 1 obtain of retain a benelit by the public which is .t file {and
. Confidentiality is governed by 38 UL.8.C. 122 and 37 CFR. 117 and 1. 14, This collection is estimated to take 1 minute i
complete, including gathering, praparding. and submiing the compleled apglicationform to the USPTO. Time will vary depending upor the individual case. Any
comnants on-the amount of ime you regtire to complate this form and/or suggestions for reducing this burden; should-be sent to the Chief Information Officer, 1.8,
Patert and Trademark Office; U.S. Depardmeontef Commeree, P.0. Box 1450, Alexandria, VA 223%3- 1450, DONQT SEND FEES QR COMPLETED FORMS ¥Q
THIS ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria; VA 22313-1458.

ifyoii naed acsistance in compieting tha foern. call 1-800-8T0.9999 and aslact opfian 2

This cobectian of infermatinn is requirsdt by
ay the USPTO {o pracess) ap application. &
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Privacy Act Statement

The Privacy Act of 1974 {(P.L. 93-879) requires that vou be given certain information in connection
with your subraission of the altached form related to a patent application or patent. Accordingly,
pursyant o 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 soliciied is voluntary;
and (3} the principal purpose for which the information is used by the U.S. Palent and Tradamark
Office is to process and/or exarnine your submission related to a patent application or patent. f you do
not furnish the requested information, the U, 8. Patent and Tradamark Office may not be able to
process and/or examine your suhmission, which may result in termination of groceedings or
abandorment of the application or expiration of the patent.

The information provided by you in this form will be sulject 1o the following routing uses:

ke

The information on this form will be traated confidentially to the extent aliowad under the
Freedom of Information Act {5 U.5.C. 552) and the Privacy Act {5 11.8.C 552a). Records from
this systemn of records may be disclosed 1o the Departrent of Justice to determine whether
disclosure of these records is required by the Freedam of Infarpation Act:

2. A record frofm this system of records may be disclosed, as a routine use, in the courss of
presenting evidance to a court, magistrate, or admiristrative tribunal, ncluding disclosures to
opposing counsel in the course of setflement negotiations.

3. A record in this system of records may be disciased; as a routine use, o a Member of
Congrass submitting a request invoiving an individual, to whom the record partains, when tha
individual has requastad assistance from the Member with raspect to the subject matter of the
record,

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

5. Arecord related 10 an international Application filed under the Patent Cooperation Treaty i
this systent of records may be disclosed. as a routine use, to the International Bureau of the
Werld Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in thissystern of recards may be disclosed, as arouting use, to ancthist fedearal
agency for purposes of National Security review (356 U.S.C. 181) and for review pursuant to
the Atornic Energy Act (42 U.8.C. 218{g)).

7. Acrecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or hisfher designes, during an inspection of recards conducied hy GSA as
parl of that agency’s responsibility to recommend roprovements in records management
sractices and programs, under authority of 44 U.S.C. 2904 and 2906, Such disclosure shall
be made in accerdance with the GSA regulations govermning inspection of records for this
purpose, and any other relevant { Le.. GSA or Commerce) directive, Such disclosure shall not
b used to make determinations about individuals.

B. A record from this system of records may be disclosed, as 3 reuling use, 1o the public after
either publication of the application pursuant ta 35 U.8.C. 122{b) or issuance of a patent
pursyant o 35 U.S.C, 151, Further, a record roay be disclosed, subjest to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an applieation which
became abandoned ar in which the proceedings weare lerminated and which application is
referanced by sither a publishied application, an application open 16 public inspection ar an
issued pataent.

9.  Avrecord from this system of records may be disclosed, as a routine use, to a Federal, State,

oriocal faw enforcament agency, if the USPTO becomes aware of a violation or potential

victaton of kaw or regutation.
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= PTORARE (0692}
. Appeavied for s through TERGRNG. QB LE51-00%3
1.5, Ratont snd Tradasmenc Office; 1.8 DEFARTMENT OF COMMERCE
e the Papasvork Reduiion Acod 1005, g0 porans e remibed is sspont 1 & oitscron sf infemation wdet i dapis 5 vell ORA ool b,

DECLARATION {3?’ CER 1.83) FOR UTILITY OR DESIGN APPLICATION LISING AN
APPLICATION DATA SHEET (37 CFR 1.76)

tmor | VIRTUAL REPRESENTATION CREATION OF USER FOR FIT AND STYLE
invention | APPAREL AND ACCESSORIES )

i Asihe balow named inventor, | hereby dedlars thet:

: This deciarstion Q. g .
| is diescted to: @ The attached applicaion, oy

D Uinited States appication of POT ndamationsd sprticelion numbesr

flad o

} The shove-identifisd spplication was made of suthorizsd is be mads by ma.

{ § bolieve that Lani the arigi’:x&t fnvertor or Br odginal jolnt ventor of o clalmd fveation  the sppication,

thersby schoosdadgs that any withd felse stalement raade in s daslaration s punishalile under 1 LS., 1008
by ine o imprisonment of rol srove than fva {8) yearz or both,

WARRNING:

Frtitionetfappicant s tautoned to avold submitting persansl nfomation ind
corirtots o idontily thelt. Perscnat information such as soalal seaurity numbers, bank scoount rambars, o wraditosrd numbes
{other thiarys chise® o aredit cond suthunzation form BTOO0E submited for sayrment purposes ) Is newsr regquired by the USPTOY
5 support & pettion oy an application. i ihs fype of personal irdorrmation fx Inthudag Iy documants submitied fothe USPTOQ,
petitiorersappiicants showtd censider rsdacting such parsonsl informistion from the documents before submiting them othe
LSPTO. Petifonarspplicard advised that the racond of 8 patant apdlicaticn iy gvailabile to the pullBe sisr publication of the
application {unlass » sovepublicaton raquest in compliance with 37 GFR 1.218{9) is made i the application) or isaugnce of @
paterd. Furthermpus. the seeord fomt an abandoned aopication risy also bs svaitabls to e publicif the. sgplicationds
seferenced n 2 published application or an issued patent {soe 37 CFR 1.18). Checks and credit sard authionization foems
PTO2028 submitted Tor payment purposss am not retained iy the application e and therelors e not publicly svaliable,

ooursiends isd iy 8 patsnt sppbcstion thet may

LEGAL NAME OF INVENTOR

irvantor, SyTHL TOMAY — Date (Optionat) ;

Signaturs: ‘v&"" i = N

Roter An appfication dety shest (PTOVSEIT4 or squivalent), inchading naiing tha sesifes tovatiive SRl UG sosongusny this foom o st have
B pravicreshy e Uise po sseleitional PTOAIADT form for suth ausitions! keasiorn, ]
CFR 183 The information 8 suudred i3 obtsin or relain & donsl by e padis yetvich is fo M fand
o3 by 38 LS C 132 ond 3T OFR L1 a0 18 Thes solaction is welineted (0 ke § rinde
tedf spplication 1on (2 ihe USETO. Time il very depersiing ppot the indiddunt cexe Ay
| cocnearas on 1 smuurt ol R you Seauins Jo campiats This o snakor sugnesiins fr eeducing this burden, whide b dant fa e Oitel Infurmation Officer, U3
Pt sad Tradsmerk Ofiow, 14,5, Dopsrimbnt of Conmarse, .0 ey T, Alssardia, ¥4 280134450, DO ROT SEME FEEE QR COMPLETED FORMS 0
THES ADTIRESS. SEND T Comminsines for Petents, 8.0, Box 1450, Adexaredrie; VA 223130458, .
i e S R vew Sancs i poripleling (e fos, 0al G RGN PTRSIRS st slned (it 2,

i oo OF Ioernatinn 18 sebad by JE U.8.0, 115 s 57
B B USRI 80 procusss sy eppeator. Cordidentally b govam
cataphnt, ekadng gathadng, propaing, s sebmiiting i comple
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires thal you be given certain information in connection
with your submission of the attached form reiated to a patent application or patent. Accordingly,
pursuani 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
net furnish the requested information, the U.3. 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.  The information on this form will be treated confidentially to the exient allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S5.C 552a). Records from
this system of records may be disclosed to the Depariment of Justice o determine whether
disclosure of these records is required by the Freedom of information Act.

2. A record from this sysiem of records may be disciosed, as a routing use, in the course of
presenting evidence to a court, magistraie, or administrative tribunal, including disciosures to
opposing counsel in the course of seitlement negolialions.

3. A record 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
individua! has requested assistance from the Member with respect to the subject matlter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agernicy having need for the infermation 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, pursuanito 5 U.8.C. 552a(m).

5. A record related to an international Applicatien filed under the FPatent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the international Bureau of the
World intellectual Property Qrganization, pursuant to the FPatent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purpcses 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. A record from this system of records may be disclosed, as a rouline use, to the Administrator,
Generai Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvenmentis in records management
practices and programs, under authority of 44 1J.3.C. 2804 and 2906, Such disciosure shali
he made in accordance with the G3A reguiations governing inspection of records for this

be used to rmake determinations about individuais.

8. A record from this sysiem of records may be disciosed, as a routine use, to the pubiic after
either publication of the application pursuantto 35 U.S.C. 122(b) or issuance of a patent
pursuant tc 35 U.8.C. 151. Further, a record may be disciosed, 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 applicaticn open tc public inspection or an
issued patent.

8. A record from this systemn of records may be disciosed, as a routine use, to & Federal, State,
or {ocal law enforcement agency, if the USPTO becomes aware of a vioiation or potential
violation of law or reguiation.
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