WO 2023/003843 PCT/US2022/037542

SYSTEM AND METHOD FOR IMPROVED GENERATION OF AVATARS FOR
VIRTUAL TRY-ON OF GARMENTS

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application is a continuation of U.S.
Patent Application No. 17/380,761, filed on July 20, 2021, the
disclosure of which is hereby incorporated herein by reference.
FIELD OF THE INVENTION

[0002] The present invention relates generally to the field
of avatar generation and virtual try-on of garments. More
particularly, the present invention relates to a system and a
method for improved generation of 3D avatars for virtual try-on
of garments.

BACKGROUND OF THE INVENTION

[0003] Consumers are increasingly purchasing garments online
via wvarious e-commerce websites, web-based applications and
portals. With proliferation of the online garment purchasing
trend consumers (users) are looking for garments that best fit
and suit them by virtually trying-on garments prior to
purchasing. The virtual try-on of garments is usually done by
generating one or more human body models of the user in an avatar
form and rendering a selected garment on the generated avatar,
before purchasing. It has been observed that existing e—-commerce
websites, web-based applications and portals do not readily
render adequate options related to generation of avatar for
virtual try-on of garments, prior to purchasing.

[0004] Typically, existing systems associated with e-
commerce websites, web-based applications and portals, which
provide for generation of avatars for virtual try-on of garments
are associated with various inefficiencies. It has been observed
that the existing e-commerce websites, web-based applications

and portals are not able to generate an avatar with accurate
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body specifications of the users. Further, the existing systems
provide limited options to the users for creating their own
avatars, such that the users are not able to provide inputs from
their end. Further, the existing systems do not provide adequate
options to the users for efficiently comparing the garments
using the virtual-try on technique. Furthermore, the existing
systems are restricted to providing virtual try-on of garments
in a single front view of the user and not any other view.
[0005] In light of the above drawbacks, there is a need for
a system and a method for improved generation of avatars for
virtual try-on of garments. There is a need for a system and a
method which provides for generating avatars of users with
accurate body specifications. Further, there is a need for a
system and a method which provides for efficiently capturing
inputs from users for avatar generation. Furthermore, there is
a need for a system and a method which provides for efficient
comparison of garments using the virtual-try on technique.
SUMMARY OF THE INVENTION

[0006] In various embodiments of the present invention, a
system for improved generation of 3D avatars for virtual try-on
of garments is provided. The system comprises a memory storing
program instructions, a processor executing the instructions
stored in the memory and an avatar generation engine executed
by the processor. The avatar generation engine is configured to
receive inputs from a first user type, via a first input unit,
for generating one or more garment types in a graphical format.
Further, the avatar generation engine is configured to generate
a 3D avatar of a second user type in a semi-automatic manner or
an automatic manner based on capturing a first input type or a
second input type respectively received via a second input unit.
The first input type comprises measurements of body

specifications of the second user type and the second input type
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comprises body images of the second user type. Lastly, the avatar
generation engine is configured to render the generated garments
on the generated 3D avatar of the second user type for carrying
out a virtual try-on operation.

[0007] In various embodiments of the present invention, a
method for improved generation of 3D avatars for virtual try-on
of garments is provided. The method is implemented by a processor
executing program instructions stored in a memory. The method
comprises receiving inputs from a first user type, via a first
input wunit, for generating one or more garment types in a
graphical format. Further, the method comprises generating a 3D
avatar of a second user type in a semi-automatic manner or an
automatic manner based on capturing a first input type or a
second input type respectively received via a second input unit.
The first input type comprises measurements of body
specifications of the second user type and the second input type
comprises body images of the second user type. Lastly, the method
comprises rendering the generated garments on the generated 3D
avatar of the second user type for carrying out a virtual try-
on operation.

[0008] In various embodiment of the present invention, a
computer program product 1is provided. The computer program
product comprises a non-transitory computer-readable medium
having computer program code stored thereon, the computer-—
readable program code comprising instructions that, when
executed by a processor, causes the processor to receive inputs
from a first user type, via a first input unit, for generating
one or more garment types in a graphical format. Further, a 3D
avatar of a second user type is generated in a semi-automatic
manner or an automatic manner based on capturing a first input
type or a second input type respectively received via a second

input unit. The first input type comprises measurements of body
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specifications of the second user type and the second input type
comprises body images of the second user type. Further, inputs
from a first user type are received, via a first input unit, for
generating one or more garment types in a graphical format.
BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

[0009] The present invention is described by way of
embodiments illustrated in the accompanying drawings wherein:
[0010] FIG. 1 is a detailed block diagram of a system for
providing improved generation of avatars for virtual try-on of
garments, 1in accordance with an embodiment of the present
invention;

[0011] FIG. 2a illustrates acquisition patterns comprising a
right side pose image and a left side pose image of a second
user type and a front pose image and a back pose image of the
second user type, in accordance with an embodiment of the present
invention;

[0012] FIG. 2b illustrates a segmentation operation
comprising a densepose image as a first mask image, a frontal
pose image with markers around body image, a second mask image
and a body contour image, in accordance with an embodiment of
the present invention;

[0013] FIG. 2c 1illustrates extraction of one or more key
points on a computed external body contour image, in accordance
with an embodiment of the present invention;

[0014] FIG. 3 illustrates a capsule convolution neural
network (CapsNet) architecture, in accordance with an embodiment
of the present invention;

[0015] Fig. 4 1is a flowchart illustrating a method for
improved generation of avatars for virtual try-on of garments,

in accordance with an embodiment of the present invention; and
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[0016] FIG. 5 illustrates an exemplary computer system in
which various embodiments of the present invention may Dbe
implemented.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention discloses a system and a method
for improved generation of avatars for virtual try-on of
garments. In particular, the present invention provides for
generation of human models in the form of a 3D avatar for virtual
try-on of garments in an online mode and an offline mode via an
actionable User Interface (UI). The present invention provides
for a system and a method for generating avatar of users with
accurate body specifications. Further, the present invention
provides for a system and a method for efficiently capturing
inputs from users for avatar generation. Further, the present
invention provides for a system and a method for efficient
comparison of garments using the wvirtual-try on technique.
Furthermore, the present invention provides for a system and a
method for effective rendering of garments on user’s 3D avatar
by using at least body specifications and 2D images of user.
Furthermore, the present invention provides for rendering the
virtual garment on to 3D model of the user’s avatar for virtual
try-on. Yet further, the present invention provides for virtual-
try on of garments before buying, trying at any location, saving
time of the user before purchasing garments, collaboration of
one user with other users, better user experience, analyzing
user’s preferences, customizing garments and building interest
around the garments.

[0018] The disclosure is provided in order to enable a person
having ordinary skill in the art to practice the invention.
Exemplary embodiments herein are provided only for illustrative
purposes and various modifications will be readily apparent to

persons skilled in the art. The general principles defined
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herein may be applied to other embodiments and applications
without departing from the scope of the invention. The
terminology and phraseology used herein is for the purpose of
describing exemplary embodiments and should not be considered
limiting. Thus, the present invention is to be accorded the
widest scope encompassing numerous alternatives, modifications
and equivalents consistent with the principles and features
disclosed herein. For purposes of clarity, details relating to
technical material that is known in the technical fields related
to the invention have been briefly described or omitted so as
not to unnecessarily obscure the present invention.

[0019] The present invention would now be discussed in
context of embodiments as illustrated 1in the accompanying
drawings.

[0020] FIG. 1 is a detailed block diagram of a system 100 for
providing improved generation of avatars for virtual try-on of
garments, 1in accordance with an embodiment of the present
invention. Referring to FIG. 1, the system 100 comprises an
avatar generation subsystem 102, a first input unit 110, a second
input unit 112 and a database 122. The first input unit 110, the
second input unit 112 and the database 122 communicate with the
subsystem 102 wvia a communication network (not shown). The
communication network (not shown) may include, but is not
limited to, a physical transmission medium, such as, a wire, or
a logical connection over a multiplexed medium, such as, a radio
channel in telecommunications and computer networking. The
examples of radio channel in telecommunications and computer
networking may include, but are not limited to, a Local Area
Network (LAN), a Metropolitan Area Network (MAN) and a Wide Area
Network (WAN). In an embodiment of the present invention, the
first input unit 110 is associated with a first user type and

the second input unit 112 is associated with a second user type.
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The first user type, includes, but is not limited to, a garment
designer. The second user type, includes, but is not limited to,
a consumer (user). The database 122 may be located at a local
location or remote location with respect to the subsystem 102.
In an exemplary embodiment of the present invention, the
database 122 is a MySQL based database.

[0021] In an embodiment of the present invention, the
subsystem 102 is a platform which may be implemented in a cloud
computing architecture in which data, applications, services,
and other resources are stored and delivered through shared
data—centers. In an exemplary embodiment of the present
invention, the functionalities of the subsystem 102 are
delivered to a user as Software as a Service (SaaS) or a Platform
as a Service (PaaS) over the communication network (not shown).
[0022] In another embodiment of the present invention, the
subsystem 102 is a platform which may be implemented as a client-—
server architecture. In this embodiment, a client terminal
accesses a server hosting the subsystem 102 over a communication
network. The client terminals may include but are not limited
to a smart phone, a computer, a tablet, a Graphical User
Interface (GUI), an Application Programming Interface (API),
microcomputer or any other wired or wireless terminal. The
server may be a centralized or a decentralized server.

[0023] In an embodiment of the present invention, the
subsystem 102 1s an intelligent self-optimization platform
configured to employ cognitive techniques for improved avatar
generation of the second user type. The cognitive techniques may
include, but are not limited to, machine learning techniques and
deep learning techniques. The subsystem 102 may be accessed via
an actionable User Interface (UI) rendered on the first input
unit 110 and the second input wunit 112. In an exemplary

embodiment of the present invention, the subsystem 102 1is
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configured to operate based on an on-demand system approach such
that the various functionalities of the subsystem 102 are
provided to user at any point of time.

[0024] In an embodiment of the present invention, the
subsystem 102 comprises an avatar generation engine 104, a
processor 106 and a memory 108. The avatar generation engine 104
(the engine 104) includes wvarious units which operate in
conjunction with each other for providing improved generation
of avatars for virtual try-on of garments. The various units of
the engine 104 are operated via the processor 106 specifically
programmed to execute instructions stored in the memory 108 for
executing respective functionality of the units of the engine
104, 1in accordance with various embodiments of the present
invention.

[0025] In an embodiment of the present invention, the engine
104 comprises a garment generation wunit 114, an avatar
generation unit 116, a celery node unit 124 and a virtual try-
on unit 118.

[0026] In an embodiment of the present invention, the garment
generation unit 114 is configured to connect to the first input
unit 110 for receiving inputs from the first wuser type for
generating one or more garment types. The first input unit 110
includes, but is not limited to, a computer, a tablet, a laptop,
a smartphone and a graphical user interface (GUI). The garment
types include, but are not limited to, men’s wear, women wear
and kids wear. The garment types are of various designs, sizes
and colors. Further, the garment types are of different
materials, such as, but are not limited to, cotton, blended
cotton, silk, nylon, polyester, natural fabrics, bamboo,
lyocell, etc. In an embodiment of the present invention, the
first input unit 110 is configured to generate the one or more

garment types Dbased on applying machine learning and deep
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learning techniques. The garment generation unit 114 1is
configured to render at least a web-based portal or application
on the first input unit 110, via which the first user type
uploads inputs for generating one or more garment types of
various designs, for subsequent virtual try-on by the second
user type. The inputs for generating one or more garment types
are uploaded in at least a 2D image format and a 3D image format.
Further, the uploaded inputs for generating the one or more
garment types may include, but 1s not limited to, at least a
fully stitched garment image, a 2D flat image of the garment or
a 3D sketch image of the garment. In an embodiment of the present
invention, the garment generation unit 114 is configured to
apply various machine learning and deep learning techniques such
as, Convolution Neural Networks (CNN) for processing the inputs
from the first user type received via the first input unit 110
and for generating the one or more garment type in a graphical
format.

[0027] In an embodiment of the present invention, the garment
generation wunit 114 is configured to communicate with the
database 122 for storing the received first user type inputs and
the generated one or more garment types in a data structure
format for future retrieval of the stored inputs and the one or
more generated garment types. In an exemplary embodiment of the
present invention, the first wuser type may add material
requirements for garment type components, mention key sizing
requirements for the garment type components, add new garment
types, edit the existing garment types stored in the database
122, wvia the first input unit 110. In an embodiment of the
present invention, the edits to the generated garment types
stored in the database 122 may include, but are not limited to,
change in measurements for garment type components, change in

material for garment type components and tweaks in design of the
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garment type. Further, the garment types stored in the database
122 are updated based on the edits carried out before being
rendered to the second user type.

[0028] In an embodiment of the present invention, the avatar
generation unit 116 is configured to generate an avatar of the
second user type based on one or more inputs received from the
second user type, via the second input wunit 112. The second
input unit 112 includes, but is not limited to, a smartphone, a
laptop, a computer and a tablet. In an embodiment of the present
invention, the avatar generation unit 116 is configured to
render an interactive web application on the second input unit
112 for capturing one or more inputs from the second user type
via the second input wunit 112. The web application may Dbe
installed by the second user type on the second input unit 112.
Further, the avatar generation unit 116 is configured with a 3D
object management Application Programing Interface (API) for
receiving the inputs from the second user type. In an exemplary
embodiment of the present invention, the avatar generation unit
116 is configured to generate an avatar of the second user type
in a semi-automatic manner. In another exemplary embodiment of
the present invention, the avatar generation unit 116 1is
configured to generate an avatar of the second user type in an
automatic manner.

[0029] In an embodiment of the present invention, the avatar
generation unit 116 is configured to generate the 3D avatar of
the second user type in the semi-automatic manner based on
capturing a first input type inputted by the second user type
via the second input unit 112. The avatar generation unit 116
is configured to generate the avatar of the second user type in
the semi-automatic manner in an offline mode. In an embodiment
of the present invention, the avatar generation unit 116 is

configured to render the interactive web application on the
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second input unit 112 for sending a request to the second user
type for capturing the first input type from the second user
type. The second user type launches the web application on the
second input unit 112 using a user ID associated with the second
user type, for inputting the first input type. In an embodiment
of the present invention, the first input type comprises
measurements of body specifications of the second user type
including, but are not limited to, chest size, bust size, waist
size, hip size, height, arm length and inseam length. The body
measurements are captured in at least centimeters (cm) or
inches. The captured first input type is transmitted to the
avatar generation unit 116 by the second input unit 112 wusing
the 3D object management API. Further, the avatar generation
unit 116 is configured to transmit the body measurements to the
database 122 for storage and future retrieval.

[0030] In an embodiment of the present invention, the avatar
generation unit 116 is configured to process the received first
input type for generating the 3D avatar of the second user type
in the offline mode. The generation of avatar of the second user
type in the offline mode aids in providing privacy to the second
user type along with an improved user experience. In an
embodiment of the present invention, the avatar generation unit
116, subsequent to receiving the first input type from the second
input unit 112, is configured to invoke the database 122 for
fetching pre-stored one or more 3D body components models. The
body components models are pre—generated using 3D body scanning
techniques and pre-stored in the database 122. The Dbody
components models are stored in the database 122 with a pre-
determined nomenclature. The body components models may include,
but are not limited to, combination of a head model, an upper

body model, a lower body model and an arm model.
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[0031] In an embodiment of the present invention, the avatar
generation wunit 116 is further configured to transmit the
received first input type along with the fetched body components
models in the form of a first request to the celery node unit
124 for generating a full body 3D avatar of the second user
type. The first request 1is transmitted asynchronously to the
celery node unit 124 for generating the full body 3D avatar of
the second user type. The celery node unit 124 is configured to
process the received first input type and the body components
models for generating the 3D avatar of the second user type. The
celery node unit 124 using at least a node 1, a node 2 or a node
3 is configured to stitch together the received body components
models (i.e. the head, upper body, lower body models and arms
model) based on the first input type for generating the 3D avatar
of the second user type Dby employing at least a blender
technique. In an exemplary embodiment of the present invention,
the celery node unit 124 is further configured to animate the
generated 3D avatar of the second user type. In another exemplary
embodiment of the present invention, the celery node unit 124
is configured to wuse at least 100 measurements of Dbody
specifications (first input type) of the second user type for
accurately generating the avatar of the second user type.

[0032] In an embodiment of the present invention, subsequent
to the generation of the 3D avatar of the second user type, the
celery node unit 124 is configured to transmit the generated 3D
avatar of the second user type to the avatar generation unit
116. The avatar generation unit 116 is configured to send an
offline notification in the form of an email or a short messaging
service (SMS) to the second user type for intimating the
generation of the 3D avatar. The second user type may view the
generated 3D avatar on the second input wunit 112 wvia the

installed interactive web application. Further, the generated
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3D avatar of the second user type is modifiable. The second user
type may be able to provide his/her requirements for modifying
the generated 3D avatar. The second user type requirements may
be transmitted to the celery node unit 124 for modifying the
generated 3D avatar. Further, the generated avatar of the second
user type 1s transmitted by the avatar generation unit 116 to
the database 122 for storage and future retrieval.

[0033] In another embodiment of the present invention, the
avatar generation unit 116 is configured to generate the 3D
avatar of the second user type in the automatic manner based on
at least capturing a second input type inputted by the second
user type via the second input unit 112. The avatar generation
unit 116 is configured to generate 3D avatar of the second user
type in the automatic manner based on applying at least digital
image processing technigques and deep learning techniques. The
avatar generation unit 116 is configured to generate the 3D
avatar of the second user type in the automatic manner in an
online mode and in real-time. In an embodiment of the present
invention, the avatar generation wunit 116 1is configured to
render the interactive web application on the second input unit
112 for sending a request to the second user type for capturing
the second input type from the second user type. In an exemplary
embodiment of the present invention, the second input type
includes, but is not limited to, body images of the second user
type captured from a camera present on the second input unit
112. In an embodiment of the present invention, the second user
type initiates a full body scan, via the camera present on the
second input unit 112, from different angles wusing the
interactive web application installed on the second input unit
112 for capturing the second input type. The full body scan
captures the one or more body images of the second user type in

a 2D format. The captured one or more body images includes, but
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are not limited to, straight pose image, a side pose image and
a face image of the second user type. In an embodiment of the
present invention, the straight pose image comprises a front
pose image and a back pose image of the second user type and the
side pose image comprises a right side pose image and a left
side pose image of the second user type and these pose images
are further referred to as acquisition patterns, as illustrated
in Fig. 2a. Further, the one or more images of the second user
type are transmitted to the database 122 for storage and future
retrieval.

[0034] In an embodiment of the present invention, the
captured second input type of the second user type is transmitted
to the avatar generation unit 116. The avatar generation unit
116 is configured to receive the second input type by employing
a body measurement Application Programming Interface (API) for
computing body measurements of the second user type associated
with the second input type. The avatar generation unit 116 is
configured to apply the digital image processing techniques and
the deep learning technigques on the second input type of the
second user type, which are in the 2D form, for computing one
or more body measurements of the second user type. In an
exemplary embodiment of the present, the avatar generation unit
116 is configured to apply digital image processing techniques
and the deep learning techniques on at least the straight pose
image and the side pose image present in the second input type
for computing body measurements of the second user type.

[0035] In an embodiment of the present invention, the deep
learning techniques applied by the avatar generation unit 116
comprises at least Convolutional Neural Network (CNN), Graph
Neural Networks and Capsule Neural Network, having multiple
layers. The avatar generation unit 116 is configured to

parallelly apply the deep learning techniques on the second
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input type for computing the body measurements of the second
user type. The deep learning technique which provide high
accuracy in computation of the body measurements of the second
user type 1is selected by the avatar generation unit 116 for
respective implementation.

[0036] In an embodiment of the present invention, the avatar
generation unit 116 is trained prior to the computation of the
body measurements of the second user type by applying the deep
learning techniques. The training of the avatar generation unit
116 is carried out using multiple datasets comprising sample
sets related to multiple body measurements of the second user
type, which are correlated with body images of the second user
type. The body images include, but are not limited to, frontal,
back, right-side and left-side body pose of the second user
type. The body images may be captured using at least the camera
on the second input unit 112 and from a video clip comprising
the second user type. The body images may further relate to
different skin types of the second user type. The body images
may be at least color images and gray scale images. Further,
noise from the images is removed prior to the training process.
[0037] In an embodiment of the present invention, the trained
avatar generation unit 116 is configured to compute the body
measurements of the second user type. In an embodiment of the
present invention, the avatar generation unit 116 is configured
to carry out a segmentation operation by parallelly implementing
the deep learning techniques on the second input type for
computing the body measurements of the second user type. The
segmentation operation aids in partioning the digital image into
multiple segments for determining objects in the image and
locating boundaries. As illustrated in Fig. 2b, the segmentation
operation implemented by using the deep learning techniques,

firstly a densepose image in the form of a first mask image is
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determined. The densepose image is used to detect and identify
the entire human body in the second input type. Secondly, the
frontal pose image is processed by the avatar generation unit
116 wusing the deep learning techniques for placing markers
around the body image associated with the second input type for
determining the body region. In an exemplary embodiment of the
present invention, a Zhang-Suen thinning algorithm is used for
placing markers around the body image associated with the second
input type. Thirdly, the avatar generation unit 116 using the
determined body region is configured to further apply the deep
learning techniques for computing a classifier image as a second
mask image. Lastly, external body contour image of the second
user type is computed, by the avatar generation unit 116, by
processing a segmented output image, as elaborated herein below.
[0038] In operation, in an exemplary embodiment of the
present invention, a capsule neural network (CapsNet) 1is
implemented by the avatar generation unit 116 for carrying out
the segmentation operation and computing the body measurements
of the second user type. As illustrated in Fig. 3, the CapsNet
architecture comprises two convolutional layers (Convl and
Conv2) and one fully connected layer. The CapsNet 1is firstly
inputted with an image of a dimension ‘512x512’ (height (H) and
width (W)) providing the determined body portion of the second
user type. Further, the image is passed to the Convl layer. The
Convl is of a dimension ‘512x512x1x128’, wherein the Convl layer
has 128, 9 x 9 convolution kernels with a stride of 1 and
comprises a Rectified Linear Unit (RelU) activation. Further,
the output of the Convl layer is passed as an input to the Conv2.
The Conv2 layer is of a dimension '512x512x1x128’. The Conv2
layer has 128, 9 x 9 convolution kernels with a stride of 1 and
comprises the RelU activation. The Convl layer and the Conv2

layer selects a pixel size of the body image and runs a window
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of a pre—-determined size through the body image associated with
the second input type, starting from left side and goes to the
right side of the image, pixel by pixel, which converts pixel
intensities to the activities of local feature detectors. The
local features represent the body parts and the contours of the
body. The running of window thereby, segments the body image
into multiple small images, which are then combined together for
determining an output image. Further, the output image from the
Conv2 layer 1is provided as an input to a primary capsule layer
of a dimension '512x512x32x8’. The primary capsules in the
primary capsule layer are the lowest level of multi-dimensional
entities and, from an inverse graphics perspective, activating
the primary capsules corresponds to inverting the rendering
process. Further, an output from the primary capsule layer 1is
provided as an input to a segmentation capsule (SegCaps) layer.
The Segcaps layer is of a dimension ‘512x512x1x16’. The SegCaps
layer is configured to process the received input and provide
an output to a reconstruction convolution layer having a
dimension of '512x512x128’ for generating the second mask image.
The second mask image is a reconstructed image of the input
image. In an embodiment of the present invention, the SegCaps
layer is further configured to process the received input for
computing the length of one or more vectors associated with the
received input image for providing a segmented output image
having a dimension of Y512x5127 for determining Dbody
measurements of the second user type. The SegCaps layer
comprises a deep encoder-decoder architecture with skip
connections, which concatenates capsule types from an earlier
layer with the same spatial dimensions for computing the length
of one or more vectors associated with the received input image.
[0039] In an embodiment of the present invention, the avatar

generation unit 116 is configured to compute a capsule neural
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network (CapsNet) loss function (lx), associated with a Capsule

k, based on the following formula:

1k = Tx max(0, m* — ||sx|[)2+ XA (1 — Tx) max(0, ||sx|| - m)2

wherein, Tx is 1 whenever the class k is present and 0 otherwise;
m+, m—-, and A are the hyper parameters of the CapsNet; and the

final loss is the summation of multiple lgs.

[0040] In an embodiment of the present invention, subsequent
to application of the segmentation operation, the avatar
generation wunit 116 is configured to apply one or more
classification techniques on the segmented output image for
computing an external body contour image of the second user
type. The computed body contour image aids in determining the
body measurements of the second user type. In an exemplary
embodiment of the present invention, the classification
techniques comprise Bayesian, k-Nearest Neighbors (k—-NN) ,
Support Vector Machine (SVM), decision trees, adaptive boosting,
random forest, Multilayer Perceptron (MLP) and expectation-
maximization classifier. In an embodiment of the present
invention, the classification technique, which provides high
accuracy in computation of the body contours of the second user
type is selected by the avatar generation unit 116 for respective
implementation.

[0041] In an embodiment of the present invention, the avatar
generation unit 116 is configured to extract one or more key
points on the computed external body contour image, as
illustrated in Fig. 2c. In an embodiment of the present
invention, the key points are extracted based on using at least
one or more logic elements. For example, a maximum point between
the right hand and the right foot is extracted or a maximum

point between the right foot and the left foot is extracted.
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Similarly, maximum and minimum points are extracted for head and
other body parts and the two points with the shortest distance
from the two-to-two combination from the left and the right side
of the body contour are used for extracting the key points. In
an embodiment of the present invention, the avatar generation
unit 116 is further configured to correlate the body images
associated with the second input type using the second user
type’s height for accurately determining the body measurements
of the second user type. In an embodiment of the present
invention, the avatar generation unit 116 is configured to carry
out an approximation operation on the determined Dbody
measurements for approximately computing the body measurements
of the second wuser ‘type, as 1llustrated in Fig. 2c.
Advantageously, approximation operation aids 1in computing
various perspectives of the body parts of the second user type.
Further, the determined body measurements of the second user
type are transmitted to the database 122 for storage and future
retrieval.

[0042] In an embodiment of the present invention, the
determined body measurements of the second user type are
transmitted to the celery node unit 124 along with the face
image of the second user type, in the form of a second request,
by the avatar generation unit 116 for generating a full body
avatar of the second user type in a 3D format. In an exemplary
embodiment of the present invention, the second request 1is
transmitted asynchronously to the celery node unit 124 for
generating full body 3D avatar of the second user type. In an
embodiment of the present invention, the celery node unit 124
is configured to process the received body measurements and the
face image of the second user type for selecting a pre-stored
base model from one or more pre-stored base models which is a

nearest neighbor of a measurement in a 90 degrees dimension
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space (i.e. number of measurement returned by 3rd party API).
The base model is representative of a human body 3D model with
pre-defined measurements. The celery node unit 124 is further
configured to apply at least a shrinking operation or an
elongation operation on each measurement of the base model in
accordance with the received body measurements of the second
user type. Further, the celery node unit 124 selects the closest
base human body 3D model such that the shrinking or elongation
of measurements is not wvisible in the rendered full body 3D
avatar of the second user type.

[0043] In an embodiment of the present invention, the celery
node unit 124 is further configured to use a ball tree data
structure for efficiently computing the nearest neighbor in the
90 degrees dimension space for selecting the base model. The
ball tree data structure Dbeing a space partitioning data
structure organizes Dbase models in the 90 degrees dimension
space. The ball tree data structure partitions the base models
into a nested set of hyperspheres known as balls. The resultant
data structure is used for carrying out nearest neighbor search
efficiently based on generating a tree structure. The ball tree
structure aids in determining the nearest human base model among
the several possible base models based on determining the base
models in the tree that are closest to a given base model by a
distance metric. In an exemplary embodiment of the present
invention, a Mahalanobis distance technique (i.e. the distance
metric) is implemented by the celery node unit 124 for selecting
the nearest base model from the several possible base models.
The ball tree data structure aids in reducing the search space
and time of search. In an exemplary embodiments of the present
invention, at least 40 to 50 base models are generated by the
celery node unit 124 in the 3D format using at least 90 body

measurements of the second user type relating to at least, but
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not limited to, height, weight, body circumferences (waist, hip,
and limbs), length of hands, legs and knee height. Further, the
said measurements also include various angles to indicate the
pose of the body of the second user type.

[0044] In an embodiment of the present invention, the celery
node unit 124, subsequent to selecting the base model, 1is
configured to generate the full body avatar of the second user
type in the 3D format using at least the node 1, the node 2 or
the node 3 based on the selected base model. In an embodiment
of the present invention, the celery node unit 124 is configured
to transmit the generated full body avatar of the second user
type in the 3D format to the avatar generation unit 116, which
then transmits the generated full body avatar of the second user
type to the database 122 using the 3D object management API for
storage and future retrieval. The full body avatar of the second
user type is stored in the database 122 against the second user
type’s unigque ID. Further, the avatar generation unit 116 1is
configured to trigger the API on the second input unit 112 for
intimating the second user type on the generation of the full
body avatar in 3D format by sending at least a notification on
the interactive web application or an SMS and an email along
with a link of the full body avatar of the second user type.
[0045] In an embodiment of the present invention, subsequent
to generation of the garment types and the full body avatar of
the second user type, the engine 104 is configured to invoke the
virtual try-on unit 118 for fetching the generated garment types
and the generated full body 3D avatar of the second user type
(generated in at least semi-automatic manner or automatic
manner) from the database 122 via the garment generation unit
114 and the avatar generation unit 116 respectively. The virtual
try-on unit 118 is configured to render the fetched full body

avatar of the second user type and the fetched garment types on
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the UI to the second user type for carrying out the virtual try-
on operation based on using at least the blender technique. The
second user type may select the garments on the UI and render
the garments on the generated full body 3D avatar for carrying
out the virtual try-on operation and visualize via the second
input unit 112. The second user type may rotate the 3D avatar
rendered with the garments in a 360° angle view to visualize and
compare the rendered garments from various angles. Based on the
fitting and design, the user may select or reject the rendered
garment type on the 3D avatar.

[0046] Fig. 4 1is a flowchart illustrating a method for
providing improved generation of avatars for wvirtual try-on of
garments, 1in accordance with various embodiments of the present
invention.

[0047] At step 402, inputs from a first user type are received
for generating one or more garment types. In an embodiment of
the present invention, the garment types include, but are not
limited to, men’s wear, women wear and kids wear. The garment
types are of various designs, sizes and colors. Further, the
garment types are of different materials, such as, but are not
limited to, cotton, Dblended cotton, silk, nylon, polyester,
natural fabrics, bamboo, lyocell, etc. In an embodiment of the
present invention, the one or more garment types are generated
based on applying machine learning and deep learning techniques.
At least a web-based portal or application is rendered, via
which the first user type uploads the inputs for generating one
or more garment types of various designs, for subsequent virtual
try-on by the second user type. The inputs for generating one
or more garment types are uploaded in at least a 2D image format
and a 3D image format. Further, the uploaded inputs for
generating the one or more garment types may include, but is not

limited to, at least a fully stitched garment image, a 2D flat
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image of the garment or a 3D sketch image of the garment. In an
embodiment of the present invention, various machine learning
and deep learning techniques such as, Convolution Neural
Networks (CNN) are applied for processing the inputs received
from the first user type and for generating the one or more
garment type in a graphical format.

[0048] In an embodiment of the present invention, the
received first user type inputs and the generated one or more
garment types are stored in a data structure format in a database
for future retrieval of the stored inputs and the one or more
generated garment types. In an exemplary embodiment of the
present invention, the first wuser type may add material
requirements for garment type components, mention key sizing
requirements for the garment type components, add new garment
types, edit the existing garment types stored in the database.
In an embodiment of the present invention, the edits to the
generated garment types stored in the database may include, but
are not limited to, change in measurements for garment type
components, change in material for garment type components and
tweaks in design of the garment type. Further, the garment types
stored in the database are updated based on the edits carried
out before being rendered to the second user type.

[0049] At step 404, a 3D avatar of a second user type is
generated in a semi-automatic manner based on a first input type
inputted by the second user type. In an embodiment of the present
invention, the 3D avatar of the second user type is generated
in the semi-automatic manner based on capturing a first input
type inputted by the second user type. The avatar of the second
user type is generated in the semi-automatic manner in an offline
mode. In an embodiment of the present invention, an interactive
web application is rendered for sending a request to the second

user type for capturing the first input type from the second
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user type. The second user type launches the web application
based on using a user ID associated with the second user type,
for inputting the first input type. In an embodiment of the
present invention, the first input type comprises measurements
of body specifications of the second user type including, but
are not limited to, chest size, bust size, waist size, hip size,
height, arm length and inseam length. The body measurements are
captured in at least centimeters (cm) or inches. The captured
first input type 1s transmitted using a 3D object management
API. Further, the body measurements are transmitted to the
database for storage and future retrieval.

[0050] In an embodiment of the present invention, the first
input type 1is processed for generating the 3D avatar of the
second user type in the offline mode. In an embodiment of the
present invention, subsequent to receiving the first input type,
the database is invoked for fetching the pre-stored one or more
body components models. The body components models are pre-—
generated using 3D body scanning techniques and pre-stored in
the database. The body components models are stored in a database
with a pre-defined nomenclature. The body components models may
include, but are not limited to, combination of a head model,
an upper body model, a lower body model and an arm model.
[0051] In an embodiment of the present invention, the
received first input type along with the fetched body components
models are transmitted in the form of a first request to a celery
node unit for generating a full body 3D avatar of the second
user type. The first request is transmitted asynchronously to
the celery node unit for generating the full body 3D avatar of
the second user type. The celery node unit processes the received
first input type and the body components models for generating
the 3D avatar of the second user type. In an exemplary embodiment

of the present invention, the celery node unit using at least a
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node 1, a node 2 or a node 3 1s configured to stitch together
the received body components models (i.e. the head, upper body,
lower body models and arms model) based on the first input type
for generating the 3D avatar of the second user type by employing
at least a blender technique. In an exemplary embodiment of the
present invention, the celery node wunit 124 is further
configured to animate the generated 3D avatar of the second user
type. In another exemplary embodiment of the present invention,
the celery node unit uses at least 100 measurements of body
specifications (first input type) of the second user type for
accurately generating the avatar of the second user type.
[0052] In an embodiment of the present invention, subsequent
to the generation of the 3D avatar of the second user type, an
offline notification in the form of an email or a short messaging
service (SMS) is sent to the second user type for intimating the
generation of the 3D avatar. The second user type may view the
generated 3D avatar via the installed interactive web
application. Further, the generated 3D avatar of the second user
type is modifiable. Further, the second user type may be able
to provide his/her requirements for modifying the generated 3D
avatar. The second user type requirements may be transmitted to
the celery node unit for modifying the generated 3D avatar.
Further, the generated avatar of the second wuser type 1is
transmitted to the database for storage and future retrieval.
[0053] At step 406, the 3D avatar of the second user type is
generated in an automatic manner based on capturing a second
input type inputted by the second user type. In an embodiment
of the present invention, 3D avatar of the second user type is
generated in the automatic manner based on applying at least
digital image processing techniques and deep learning
techniques. The 3D avatar of the second user type 1s generated

in the automatic manner in an online mode and in real-time. In
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an embodiment of the present invention, the interactive web
application is rendered for sending a request to the second user
type for capturing the second input type from the second user
type. In an exemplary embodiment of the present invention, the
second input type includes, but is not limited to, body images
of the second user type captured from a camera. In an embodiment
of the present invention, the second user type initiates a full
body scan, via the camera present on the second input unit, from
different angles using the interactive web application for
capturing the second input type. The full body scan captures the
one or more body images of the second user type in a 2D format.
The captured one or more body images includes, but are not
limited to, straight pose image, a side pose image and a face
image of the second user type. In an embodiment of the present
invention, the straight pose image comprises a front pose image
and a back pose image of the second user type and the side pose
image comprises a right side pose image and a left side pose
image of the second user type and these pose images are further
referred to as acqguisition patterns. Further, the one or more
images of the second user type are transmitted to the database
for storage and future retrieval.

[0054] In an embodiment of the present invention, the second
input type 1s received Dby employing a body measurement
Application Programming Interface (API) for computing body
measurements of the second user type associated with the second
input type. The digital image processing techniques and the deep
learning techniques are applied on second input type of the
second user type, which are in the 2D form for computing one or
more body measurements of the second user type. In an exemplary
embodiment of the ©present, the digital image processing
techniques and the deep learning techniques are applied on at

least the straight pose image and the side pose image present
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in the second input type for computing body measurements of the
second user type.

[0055] In an embodiment of the present invention, the deep
learning techniques comprises at least Convolutional Neural
Network (CNN), Graph Neural Networks and Capsule Neural Network,
having multiple layers. The deep learning techniques are
parallelly applied on the second input type for computing the
body measurements of the second user type. The deep learning
technique which provides high accuracy in computation of the
body measurements of the second user type is selected for
respective implementation.

[0056] In an embodiment of the present invention, training
is carried out prior to the computation of the body measurements
of the second user type by applying the deep learning techniques.
The training is carried out using multiple datasets comprising
sample sets related to multiple body measurements of the second
user type, which are correlated with body images of the second
user type. The body images include, but are not limited to,
frontal, back, right-side and left-side body pose of the second
user type. The body images may be captured using at least the
camera and from a video clip comprising the second user type.
The body images may be at least color and gray scale images. The
body images may further relate to different skin types of the
second user type. Further, noise from the images is removed
prior to the training process.

[0057] In an embodiment of the present invention, subsequent
to training, the body measurements of the second user type are
computed. In an embodiment of the present invention,
segmentation operation is carried out by parallelly implementing
the deep learning techniques on the second input type for
computing the body measurements of the second user type. In the

segmentation operation, implemented by using the deep learning
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techniques, firstly a densepose image in the form of a first
mask image is determined. The densepose image is used to detect
and identify the entire human body in the second input type.
Secondly, the frontal pose image is processed using the deep
learning techniques for placing markers around the body image
associated with the second input type for determining the body
region. In an exemplary embodiment of the present invention, a
Zhang—-Suen thinning algorithm is used for placing markers around
the body image associated with the second input type. Thirdly,
the deep learning techniques are applied for computing a
classifier image a second mask image, using the determined body
region. Lastly compute an external body contour image of the
second user type by processing a segmented output image, as
elaborated herein below.

[0058] In an exemplary embodiment of the present invention,
a capsule neural network (CapsNet) is implemented for carrying
out the segmentation operation and computing the Dbody
measurements of the second user type. The CapsNet architecture
comprises two convolutional layers (Convl and Conv2) and one
fully connected layer. The CapsNet is firstly inputted with an
image of a dimension ‘512x512’ (height (H) and width (W))
providing the determined body portion of the second user type.
Further, the image is passed to the Convl layer. The Convl is
of a dimension ‘512x512x1x128’, wherein the Convl layer has 128,
9 x 9 convolution kernels with a stride of 1 and comprises a
Rectified Linear Unit (RelU) activation. Further, the output of
the Convl layer is passed as an input to the Conv2. The Conv2
layer is of a dimension '512x512x1x128’. The Conv2 layer has
128, 9 x 9 convolution kernels with a stride of 1 and comprises
the RelU activation. The Convl layer and the Conv2 layer selects
a pixel size of the body image and runs a window of a pre-

determined size through the Dbody image associated with the
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second input type, starting from left side and goes to the right
side of the image, pixel by pixel, which converts pixel
intensities to the activities of local feature detectors. The
local features represent the body parts and the contours of the
body. The running of window thereby, segments the body image
into multiple small images, which are then combined together for
determining an output image. Further, the output image from the
Conv2 layer is provided as an input to a primary capsule layer
of a dimension '512x512x32x8’. The primary capsules in the
primary capsule layer are the lowest level of multi-dimensional
entities and, from an inverse graphics perspective, activating
the primary capsules corresponds to inverting the rendering
process. Further, an output from the primary capsule layer 1is
provided as an input to a segmentation capsule (SegCaps) layer.
The Segcaps layer is of a dimension ‘512x512x1x16’. The SegCaps
layer is configured to process the received input and provide
an output to a reconstruction convolution layer having a
dimension of '512x512x128’ for generating the second mask image.
The second mask image is a reconstructed image of the input
image. In an embodiment of the present invention, the SegCaps
layer is further configured to process the received input for
computing the length of one or more vectors associated with the
received input image for providing a segmented output image
having a dimension of ‘512x5127 for determining body
measurements of the second wuser type. The SegCaps layer
comprises a deep encoder-decoder architecture with skip
connections, which concatenates capsule types from an earlier
layer with the same spatial dimensions for computing the length
of one or more vectors associated with the received input image.
[0059] In an embodiment of the present invention, a capsule
neural network (CapsNet) loss function (lx), associated with a

Capsule k, is computed based on the following formula:
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lx = Tx max(0, m* — |[|sx|[)2+ A (1 = Tx) max(0, ||sx|| - m)2

wherein, Tx is 1 whenever the class k is present and 0 otherwise;
m+, m—, and A are the hyper parameters of the CapsNet; and the
final loss is the summation of multiple lxs.

[0060] In an embodiment of the present invention, subsequent
to application of the segmentation operation, one or more
classification technigues are applied on the segmented output
image for computing an external body contour image of the second
user type. The computed body contour image aids in determining
the body measurements of the second user type. In an exemplary
embodiment of the present invention, the classification
techniques comprise Bayesian, k-Nearest Neighbors (k-NN) ,
Support Vector Machine (SVM), decision trees, adaptive boosting,
random forest, Multilayer Perceptron (MLP) and expectation-
maximization classifier. In an embodiment of the present
invention, the classification technique which provides high
accuracy in computation of the body contours of the second user
type is selected for respective implementation.

[0061] In an embodiment of the present invention, one or more
key points on the computed external body contour image are
extracted, subsequent to the computation of the external body
contour image. In an embodiment of the present invention, the
key points are extracted based on using at least one or more
logic elements. For example, a maximum point between the right
hand and the right foot is extracted or a maximum point between
the right foot and the left foot is extracted. Similarly, maximum
and minimum points are extracted for head and other body parts
and the two points with the shortest distance from the two-to-
two combination from the left and the right side of the body

contour are used for extracting the key points. In an embodiment



WO 2023/003843 PCT/US2022/037542
31

of the present invention, the body images associated with the
second input type are correlated, using the second user type’s
height for accurately determining the body measurements of the
second user type. In an embodiment of the present invention, an
approximation operation is carried out on the determined body
measurements for approximately computing the body measurements
of the second wuser type. Further, the determined Dbody
measurements of the second user type are transmitted to the
database for storage and future retrieval.

[0062] In an embodiment of the present invention, the
determined body measurements of the second user type are
transmitted to the celery node unit along with the face image
of the second user type, in the form of a second request, for
generating a full body avatar of the second user type in a 3D
format. In an exemplary embodiment of the present invention, the
second request is transmitted asynchronously to the celery node
unit for generating full body 3D avatar of the second user type.
In an embodiment of the present invention, the celery node unit
processes the received body measurements and the face image of
the second user type for selecting a pre-stored base model, from
one or more pre-stored base models, which is a nearest neighbor
of a measurement in a 90 degrees dimension space (i.e. number
of measurement returned by 3rd party API) for generating a full
body 3D avatar of the second user type. The base model 1is
representative of a human body 3D model with pre-defined
measurements. The celery node unit further applies a shrinking
operation or an elongation operation on each measurement of the
base model in accordance with the received body measurements of
the second user type. Further, the celery node unit selects the
closest base human body 3D model such that the shrinking or
elongation of measurements is not visible in the rendered full

body 3D avatar of the second user type.
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[0063] In an embodiment of the present invention, the celery
node unit further uses a ball tree data structure for efficiently
computing the nearest neighbor in the 90 degrees dimension space
for selecting the based model. The ball tree data structure being
a space partitioning data structure organizes base models in the
90 degrees dimension space. The Dball tree data structure
partitions the base models into a nested set of hyperspheres
known as balls. The resultant data structure is used for carrying
out nearest neighbor search efficiently based on generating a
tree structure. The ball tree structure aids in determining the
nearest human base model among the several possible base models
based on determining the base models in the tree that are closest
to a given base model by a distance metric. In an exemplary
embodiment of the present invention, a Mahalanobis distance
technique (i.e. the distance metric) is implemented by the
celery node unit for selecting the nearest base model from the
several possible base models. In an exemplary embodiments of the
present invention, at least 40 to 50 base models are generated
by the celery node unit in the 3D format using at least 90 body
measurements of the second user type relating to at least, but
not limited to, height, weight, body circumferences (waist, hip,
and limbs), length of hands, legs and knee height. Further, the
sald measurements also include various angles to indicate the
pose of the body of the second user type.

[0064] In an embodiment of the present invention, the celery
node unit, subsequent to selecting the base model, generates the
full body avatar of the second user type in the 3D format using
at least the node 1, the node 2 or the node 3 based on the
selected base model. In an embodiment of the present invention,
the celery node unit transmits the generated full body avatar
of the second user type in the 3D format to the database using

the 3D object management API for storage and future retrieval.
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The full body avatar of the second user type is stored in the
database against the second user type’s unique ID. Further, an
API is triggered for intimating the second user type on the
generation of the full body avatar in 3D format by sending at
least a notification on the interactive web application or an
SMS and an email along with a link of the full body avatar of
the second user type.

[0065] At step 408, the generated garments are rendered on the
generated 3D avatar of the second user type for carrying out
virtual try-on operation. In an embodiment of the present
invention, subsequent to generation of the garment types and the
full body avatar of the second user type, the generated garment
types and the generated full body 3D avatar of the second user
type (generated in at least semi-automatic manner or automatic
manner) are fetched from the database. The fetched full body
avatar of the second user type and the fetched garment types are
rendered on a UI to the second user type for carrying out the
virtual try-on operation based on using at least the Dblender
technique. The second user type may select the garments on the
UI and render the garments on the generated full body 3D avatar
for carrying out the virtual try-on operation and visualization.
The second user type may rotate the 3D avatar rendered with the
garments in a 360° angle view to visualize and compare the
rendered garments from various angles. Based on the fitting and
design, the user may select or reject the rendered garment type
on the 3D avatar.

[0066] Advantageously, in various embodiments of the present
invention, the system 100 and the method is configured to provide
improved generation of avatars for virtual try-on of garments.
The present invention provides for generation of 3D avatar of
users for virtual try-on of garments in the online mode and the

offline mode wvia the actionable UI. The present invention
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provides for generating avatars of the users with accurate body
specifications based on efficiently capturing inputs from users
for avatar generation. The present invention provides for
effectively comparison of garments using the virtual-try on
operation. Further, the present invention provides for
effectively rendering the garment on user’s 3D avatar using at
least the Dbody specifications and 2D images of the wuser.
Furthermore, the present invention provides for virtual-try on
of garments before buying, trying at any location, saving time
of the second user type before purchasing garments,
collaboration of one second user type with other, better user
experience, analyzing user’s preferences, customizing garments
and building interest around the garments.

[0067] FIG. 5 illustrates an exemplary computer system in
which various embodiments of the present invention may Dbe
implemented. The computer system 502 comprises a processor 504
(106, Fig. 1) and a memory 506 (108, Fig. 1). The processor 504
(106, Fig. 1) executes program instructions and is a real
processor. The computer system 502 is not intended to suggest
any limitation as to scope of use or functionality of described
embodiments. For example, the computer system 502 may include,
but not limited to, a programmed microprocessor, a micro-
controller, a peripheral integrated circuit element, and other
devices or arrangements of devices that are capable of
implementing the steps that constitute the method of the present
invention. In an embodiment of the present invention, the memory
506 (108, Fig. 1) may store software for implementing various
embodiments of the present invention. The computer system 502
may have additional components. For example, the computer system
502 includes one or more communication channels 508, one or more
input devices 510, one or more output devices 512, and storage

514. An interconnection mechanism (not shown) such as a bus,
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controller, or network, interconnects the components of the
computer system 502. In various embodiments of the present
invention, operating system software (not shown) provides an
operating environment for various softwares executing in the
computer system 502, and manages different functionalities of
the components of the computer system 502.

[0068] The communication channel(s) 508 allow communication
over a communication medium to various other computing entities.
The communication medium provides information such as program
instructions, or other data in a communication media. The
communication media includes, but not limited to, wired or
wireless methodologies implemented with an electrical, optical,
RF, infrared, acoustic, microwave, Bluetooth or other
transmission media.

[0069] The input device(s) 510 may include, but not limited
to, a keyboard, mouse, pen, joystick, trackball, a voice device,
a scanning device, touch screen or any another device that is
capable of providing input to the computer system 502. In an
embodiment of the present invention, the input device(s) 510 may
be a sound card or similar device that accepts audio input in
analog or digital form. The output device(s) 512 may include,
but not limited to, a user interface on CRT or LCD, printer,
speaker, CD/DVD writer, or any other device that provides output
from the computer system 502.

[0070] The storage 514 may include, but not limited to,
magnetic disks, magnetic tapes, CD-ROMs, CD-RWs, DVDs, flash
drives or any other medium which can be used to store information
and can be accessed by the computer system 502. In wvarious
embodiments of the present invention, the storage 514 contains
program instructions for implementing the described embodiments.
[0071] The present invention may suitably be embodied as a

computer program product for use with the computer system 502.
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The method described herein 1is typically implemented as a
computer program product, comprising a set of program
instructions which is executed by the computer system 502 or any
other similar device. The set of program instructions may be a
series of computer readable codes stored on a tangible medium,
such as a computer readable storage medium (storage 514), for
example, diskette, CD-ROM, ROM, flash drives or hard disk, or
transmittable to the computer system 502, via a modem or other
interface device, over either a tangible medium, including but
not limited to optical or analogue communications channel (s)
508. The implementation of the invention as a computer program
product may be in an intangible form using wireless techniques,
including but not limited to microwave, infrared, Bluetooth or
other transmission techniques. These instructions can be
preloaded into a system or recorded on a storage medium such as
a CD-ROM, or made available for downloading over a network such
as the internet or a mobile telephone network. The series of
computer readable instructions may embody all or part of the
functionality previously described herein.

[0072] The present invention may be implemented in numerous
ways including as a system, a method, or a computer program
product such as a computer readable storage medium or a computer
network wherein programming instructions are communicated from
a remote location.

[0073] While the exemplary embodiments of the present
invention are described and illustrated herein, it will be
appreciated that they are merely illustrative. It will be
understood Dby those skilled 1in the art that wvarious
modifications in form and detail may be made therein without

departing from or offending the scope of the invention.
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We claim:

1. A system for improved generation of 3D avatars for virtual
try-on of garments, the system comprises:
a memory storing program instructions;
a processor executing the instructions stored in the
memory; and
an avatar generation engine executed by the processor and
configured to:
receive inputs from a first user type, via a first
input wunit, for generating one or more garment types in a
graphical format;
generate a 3D avatar of a second user type in a semi-
automatic manner or an automatic manner based on capturing a
first input type or a second input type respectively received
via a second input unit, wherein the first input type comprises
measurements of body specifications of the second user type and
the second input type comprises body images of the second user
type; and
render the generated garments on the generated 3D
avatar of the second user type for carrying out a virtual try-

on operation.

2. The system as claimed in claim 1, wherein the avatar
generation engine comprises a garment generation unit executed
by the processor and configured to apply machine learning and
deep learning techniques comprising Convolution Neural Networks
(CNN) for processing the inputs received from the first user
type and generating the one or more garment type in the graphical

format.

3. The system as claimed in claim 2, wherein the garment

generation unit is configured to communicate with a database for
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storing the received inputs from the first user type and the
generated one or more garment types in a data structure format,
and wherein the generated garment types stored in the database
are capable of being edited, the edits comprising change in
measurements for garment type components, change in material for
garment type components and tweaks in design of the garment

type.

4. The system as claimed in c¢laim 1, wherein the avatar
generation engine comprises an avatar generation unit executed
by the processor and is configured to render an interactive web
application on the second input unit for capturing the first
input type and the second input type via the second input unit,
and wherein the avatar generation unit is configured to render
the interactive web application on the second input unit for
sending a request to the second user type for capturing the

first input type and the second input type.

5. The system as claimed in claim 1, wherein the avatar of the
second user type is generate in the semi-automatic manner in an

offline mode.

6. The system as claimed in claim 1, wherein the measurements
of the body specifications of the second user type comprises
chest size, bust size, waist size, hip size, height, arm length

and inseam length.

7. The system as claimed in amended claim 4, wherein the
captured first input type 1is transmitted to the avatar
generation unit by the second input unit wusing a 3D object

management Application Programming Interface (API).
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8. The system as claimed in amened claim 1, wherein the
generation of the 3D avatar of a second user type in the semi-

automatic manner comprises the steps of:

invoking a database for fetching pre-stored one or more 3D
body components models, subsequent to receiving the first input
type from the second input unit, wherein the body components
models are pre—-generated using 3D body scanning techniques and
pre—-stored in the database, and wherein the body components
models comprises combination of a head model, an upper body

model, a lower body model and an arm model;

transmitting the received first input type along with the
fetched body components models in the form of a first request
to a celery node unit of the avatar generation engine, wherein
the first request is transmitted asynchronously to the celery

node unit;

stitching together the received body components models, by
the celery node unit, Dbased on the first input type for
generating the 3D avatar of the second user type by employing
at least a blender technique, and wherein the celery node unit
uses at least a node 1, a node 2 or a node 3 to stitch together

the received body components models; and

sending an offline notification to the second user type for
intimating the generation of the 3D avatar, and wherein the

generated 3D avatar of the second user type is modifiable.

9. The system as claimed in claim 1, wherein the avatar
generation engine comprises an avatar generation unit executed

by the processor and configured to generate the 3D avatar of the
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second user type in an automatic manner based on applying at
least digital 1image processing techniques and deep learning
techniques, and wherein the 3D avatar of the second user type
is generated in the automatic manner in an online mode and in

real-time.

10. The system as claimed in claim 1, wherein the body images
of the second user type are captured from a camera present on
the second input unit, and wherein the second user type initiates
a full body scan, via the camera present on the second input
unit, from different angles using an interactive web application
installed on the second input unit for capturing the second

input type.

11. The system as claimed in claim 10, wherein the full body
scan captures the one or more body images of the second user
type in a 2D format, and wherein the captured one or more body
images comprises a straight pose image, a side pose image and a
face image of the second user type, and wherein the straight
pose image comprises a front pose image and a back pose image
of the second user type and the side pose image comprises a
right side pose image and a left side pose image of the second

user type.

12. The system as claimed in claim 9, wherein the avatar
generation unit is configured to receive the second input type
from the second input unit based on employing a body measurement
Application Programming Interface (API) for computing one or
more body measurements of the second user type associated with
the second input type, and wherein the avatar generation unit
is configured to apply the digital image processing technigues

and the deep learning techniques on the second input type of the
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second user type for computing the one or more body measurements

of the second user type.

13. The system as claimed in claim 12, wherein the deep learning
techniques applied by the avatar generation unit comprises a
Convolutional Neural Network (CNN) technique, a Graph Neural
Network technique and a Capsule Neural Network technique, and
wherein the avatar generation unit is configured to parallelly
apply the deep learning technigues on the second input type for

computing the body measurements of the second user type.

14. The system as claimed in claim 12, wherein the avatar
generation unit is trained prior to the computation of the body
measurements of the second user type by applying the deep
learning techniques, and wherein the training of the avatar
generation wunit is carried out using multiple datasets
comprising sample sets related to multiple body measurements of
the second user type, which are correlated with body images of
the second user type, and wherein the body images are captured
using at least the camera on the second input unit and from a
video clip comprising the second user type, and wherein the body
images are at least color images, gray scale images and of

different skin types of the second user type.

15. The system as claimed in amened claim 14, wherein the
generation of the 3D avatar of a second user type in the
automatic manner by an avatar generation unit of the avatar

generation engine comprises the steps of:

carrying out a segmentation operation by parallelly

implementing the deep learning techniques on the second input
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type for computing body measurements of the second user type,

wherein the segmentation operation comprises:

determining a densepose image in the form of a first mask
image, wherein the densepose image is used to detect and identify

the entire human body in the second input type;

processing a frontal pose image by using the deep learning
techniques for placing markers around the body image associated
with the second input type for determining the body region,
wherein a Zhang-Suen thinning algorithm is used for placing

markers around the body image associated with the second input

type;

computing a classifier image as a second mask image using
the determined Dbody region Dby apply the deep learning

techniques;

computing an external body contour image of the second user
type by processing a segmented output image;
extracting one or more key points on the computed external body
contour image, wherein the key points are extracted based on
using at least one or more logic elements;
correlating the body images associated with the second input
type using the second wuser type’s height for accurately
determining the body measurements of the second user type; and
carrying out an approximation operation on the determined body
measurements for approximately computing the body measurements

of the second user type;

transmitting the determined body measurements of the second

user type to a celery node unit of the avatar generation engine
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along with a face image of the second user type, in the form of
a second request, for generating a full body avatar of the second
user type in a 3D format, the second request is transmitted

asynchronously to the celery node unit; and

triggering an API on the second input unit for intimating
the second user type on the generation of the full body avatar
in 3D format Dby sending at least a notification on the
interactive web application or an SMS and an email along with a

link of the full body avatar of the second user type.

16. The system as claimed in claim 15, wherein a capsule neural
network (CapsNet) is implemented by the avatar generation unit
for carrying out the segmentation operation and computing the
body measurements of the second user type, and wherein the
CapsNet architecture comprises two convolutional layers (Convl

and Conv2) and one fully connected layer.

17. The system as claimed in claim 16, wherein implementation
of the CapsNet for carrying out the segmentation operation and
computing the body measurements of the second user type

comprises the steps of:

inputting, to the CapsNet, an image of a dimension
Y512x512" (height (H) and width (W)) providing the determined

body portion of the second user type;

passing the image to the Convl layer of the CapsNet, wherein
the Convl is of a dimension '512x512x1x128’, and wherein the
Convl layer has 128, 9 x 9 convolution kernels with a stride of

1 and comprises a Rectified Linear Unit (RelU) activation;
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passing the output of the Convl layer as an input to the
Conv2, wherein the Conv2 layer is of a dimension
Y512x512x1x128’, and wherein the Conv2 layer has 128, 9 x 9
convolution kernels with the stride of 1 and comprises the RelU

activation;

selecting by the Convl layer and Conv2 layer a pixel size
of the body image and running a window of a pre-determined size
through the body image associated with the second input type,
starting from left side and going to the right side of the image,
pixel Dby pixel, which converts pixel intensities to the
activities of local feature detectors, wherein running of window
segments the body image into multiple small images which are

combined together for determining an output image;

providing the output image from the Conv2 layer as an input

to a primary capsule layer of a dimension ‘512x512x32x8’;

providing an output from the primary capsule layer as an
input to a segmentation capsule (SegCaps) layer, wherein the

Segcaps layer is of a dimension ‘512x512x1x16’;

processing by the SegCaps layer the received input and
providing an output to a reconstruction convolution layer having
a dimension of '512x512x128" for generating the second mask

image; and

processing further by the SegCaps layer the received input
image for computing length of one or more vectors associated
with the received input image for providing a segmented output

image having a dimension of '512x512’ for determining body
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measurements of the second user type, and wherein a CapsNet loss

function (lx), associated with a Capsule k, is computed.

18. The system as claimed in claim 15, wherein the avatar
generation unit is configured to apply one or more
classification techniques on the segmented output image for
computing an external body contour image of the second user
type, and wherein the classification techniques comprise
Bayesian, k-Nearest Neighbors (k—-NN), Support Vector Machine

(SVM) , decision trees, adaptive Dboosting, random forest,

Multilayer Perceptron (MLP) and expectation-maximization
classifier.
19. The system as claimed in claim 15, wherein processing of

the second request by the celery node unit comprises the steps

of:

selecting a pre-stored base model from one or more pre-
stored base models which is a nearest neighbor of a measurement
in a 90 degrees dimension space, wherein the base model 1is
representative of a human body 3D model with pre-defined

measurements;

applying at least a shrinking operation or an elongation
operation on each measurement of the base model in accordance
with the received body measurements of the second user type,
wherein the celery node unit selects the closest base human body
3D model such that the shrinking or elongation of measurements
is not visible in the rendered full body 3D avatar of the second

user type;
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using a ball tree data structure for efficiently computing
the nearest neighbor in the 90 degrees dimension space for
selecting the base model, wherein the ball tree structure
provides determining the nearest human base model among the
several base models based on determining the base models in the
tree that are closest to a given base model by a distance metric,
and wherein a Mahalanobis distance technique is implemented by
the celery node unit as the distance metric for selecting the

nearest base model from several base models;

generating the full body avatar of the second user type in
the 3D format using at least a node 1, a node 2 or a node 3

based on the selected base model; and

transmitting the generated full body avatar of the second
user type in the 3D format to the avatar generation unit, and
wherein the avatar generation unit is configured to transmit the
generated full Dbody avatar of the second user type to the
database using the 3D object management API for storage and

future retrieval.

20. The system as claimed in claim 1, wherein the avatar
generation engine comprises a virtual try-on unit executed by
the processor and configured to fetch the generated garment
types and the generated full body 3D avatar of the second user
type from a database via a garment generation unit and an avatar
generation unit of the avatar generation unit respectively, and
wherein the virtual try-on unit 1is configured to render the
fetched full body avatar of the second user type and the fetched
garment types on an User Interface (UI) of the second input unit
to the second user type and carry out the wvirtual try-on

operation based on using at least a Dblender technique, and
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wherein the full body 3D avatar rendered with the garments is
rotatable in a 360° angle view to visualize and compare the

rendered garments from various angles.

21. A method for improved generation of 3D avatars for
virtual try-on of garments, the method is implemented by a
processor executing program instructions stored in a memory, the

method comprising:

receiving inputs from a first user type, via a first input
unit, for generating one or more garment types in a graphical

format;

generating a 3D avatar of a second user type in a semi-
automatic manner or an automatic manner based on capturing a
first input type or a second input type respectively received
via a second input unit, wherein the first input type comprises
measurements of body specifications of the second user type and
the second input type comprises body images of the second user

type; and

rendering the generated garments on the generated 3D avatar
of the second user type for carrying out a virtual try-on

operation.

22. The method as claimed in claim 21, wherein an interactive
web application is rendered for capturing the first input type
and the second input type, and wherein the interactive web
application is rendered for sending a request to the second user

type for capturing the first input type and the second input

type.
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23. The method as claimed in claim 21, wherein the measurements
of the body specifications of the second user type comprises
chest size, bust size, waist size, hip size, height, arm length

and inseam length.

24. The method as claimed in claim 21, wherein the generation
of the 3D avatar of a second user type in the semi-automatic

manner comprises the steps of:

fetching pre-stored one or more 3D body components models,
subsequent to receiving the first input type from the second
input unit, wherein the body components models are pre—-generated
using 3D body scanning techniques and pre-stored, and wherein
the body components models comprises combination of a head

model, an upper body model, a lower body model and an arm model;

transmitting the received first input type along with the
fetched body components models in the form of a first request
to a celery node unit, wherein the first request is transmitted

asynchronously to the celery node unit;

stitching together the received body components models, by
the celery node unit, Dbased on the first input type for
generating the 3D avatar of the second user type by employing
at least a blender technigque; and wherein the celery node unit
uses at least a node 1, a node 2 or a node 3 to stitch together

the received body components models; and

sending an offline notification to the second user type for
intimating the generation of the 3D avatar, and wherein the

generated 3D avatar of the second user type is modifiable.
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25. The method as claimed in claim 21, wherein the 3D avatar
of the second user type 1s generate in the automatic manner
based on applying at least digital image processing techniqgues
and deep learning techniques, and wherein the 3D avatar of the
second user type 1is generated in the automatic manner in an

online mode and in real-time.

26. The method as claimed in claim 21, wherein the body images
of the second user type are captured from a camera present on
the second input unit, and wherein the second user type initiates
a full body scan, via the camera present on the second input
unit, from different angles using an interactive web application
installed on the second input unit for capturing the second

input type.

27. The method as claimed in claim 26, wherein the full body
scan captures the one or more body images of the second user
type in a 2D format, and wherein the captured one or more body
images comprises straight pose image, a side pose image and a
face image of the second user type, and wherein the straight
pose image comprises a front pose image and a back pose image
of the second user type and the side pose image comprises a
right side pose image and a left side pose image of the second

user type.

28. The method as claimed in claim 21, wherein the second input
type 1is received based on employing a body measurement
Application Programming Interface (API) for computing one or
more body measurements of the second user type associated with
the second input type, and wherein digital image processing

techniques and deep learning techniques are applied on the
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second input type of the second user type for computing the one

or more body measurements of the second user type.

29. The method as claimed in claim 28, wherein the deep learning
techniques comprises a Convolutional Neural Network (CNN)
technique, a Graph Neural Network technique and a Capsule Neural
Network technigque, and wherein the deep learning technigques are
parallelly applied on the second input type for computing the
body measurements of the second user type, and wherein deep
learning technique which provide high accuracy in computation
of the body measurements of the second user type is selected for

respective implementation.

30. The method as claimed in claim 29, wherein the generation
of the 3D avatar of a second user type in the automatic manner
comprises the steps of:

carrying out a segmentation operation by parallelly implementing
the deep learning techniques on the second input type for
computing body measurements of the second user type, wherein the

segmentation operation comprises:

determining a densepose image in the form of a first mask
image, wherein the densepose image is used to detect and identify

the entire human body in the second input type;

processing a frontal pose image by using the deep learning
techniques for placing markers around the body image associated
with the second input type for determining the body region,
wherein a Zhang-Suen thinning algorithm is wused for placing

markers around the body image associated with the second input

type;
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computing a classifier image as a second mask image using
the determined Dbody region Dby apply the deep learning

techniques;

computing an external body contour image of the second user

type by processing a segmented output image;

extracting one or more key points on the computed external
body contour image, wherein the key points are extracted based

on using at least one or more logic elements;

correlating the body images associated with the second
input type using the second user type’s height for accurately

determining the body measurements of the second user type; and

carrying out an approximation operation on the determined
body measurements for approximately computing the body

measurements of the second user type;

transmitting the determined body measurements of the second
user type to a celery node unit along with a face image of the
second user type, in the form of a second request, for generating
a full body avatar of the second user type in a 3D format, the
second request is transmitted asynchronously to the celery node

unit; and

triggering an API for intimating the second user type on
the generation of the full body avatar in 3D format by sending
at least a notification on the interactive web application or
an SMS and an email along with a link of the full body avatar

of the second user type.
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31. The method as claimed in claim 30, wherein a capsule
neural network (CapsNet) is implemented for carrying out the
segmentation operation and computing the body measurements of
the second user type, and wherein the CapsNet architecture
comprises two convolutional layers (Convl and Conv2) and one

fully connected layer.

32. The method as claimed in c¢laim 31, wherein the
implementation of the CapsNet for carrying out the segmentation
operation and computation of the body measurements of the second

user type comprises the steps of:

inputting, to the CapsNet, an 1image of a dimension
‘512x512" (height (H) and width (W)) providing the determined

body portion of the second user type;

passing the image to the Convl layer of the CapsNet, wherein
the Convl is of a dimension ‘512x512x1x128’, and wherein the
Convl layer has 128, 9 x 9 convolution kernels with a stride of

1 and comprises a Rectified Linear Unit (RelU) activation;

passing the output of the Convl layer as an input to the
Conv2, wherein the Conv?2 layer is of a dimension
Y512x512x1x128’, and wherein the Conv2 layer has 128, 9 x 9
convolution kernels with the stride of 1 and comprises the RelU

activation;

selecting by the Convl layer and Conv2 layer, a pixel size
of the body image and running a window of a pre—-determined size
through the body image associated with the second input type,
starting from left side and going to the right side of the image,

pixel Dby pixel, which converts pixel intensities to the
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activities of local feature detectors, wherein running of window
segments the body image into multiple small images, which are

combined together for determining an output image;

providing the output image from the Conv2 layer as an input

to a primary capsule layer of a dimension ‘512x512x32x8’';

providing an output from the primary capsule layer as an
input to a segmentation capsule (SegCaps) layer, wherein the

Segcaps layer is of a dimension ‘512x512x1x16’;

processing by the SegCaps layer, the received input and
providing an output to a reconstruction convolution layer having
a dimension of '512x512x128’ for generating the second mask

image; and

processing further by the SegCaps layer, the received input
image for computing length of one or more vectors associated
with the received input image for providing a segmented output
image having a dimension of '512x512" for determining body
measurements of the second user type, and wherein a CapsNet loss

function (lx), associated with a Capsule k, is computed.

33. The method as claimed in claim 30, wherein one or more
classification technigues are applied on the segmented output
image for computing an external body contour image of the second
user type, and wherein the classification technigques comprise
Bayesian, k-Nearest Neighbors (k-NN), Support Vector Machine
(SVM) , decision trees, adaptive Dboosting, random forest,
Multilayer Perceptron (MLP) and expectation-maximization

classifier, and wherein the <classification technique, which
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provides high accuracy in computation of the body contours of

the second user type is selected for respective implementation.

34. The method as claimed in claim 30, wherein processing of
the second request by the celery node unit comprises the steps

of:

selecting a pre-stored base model from one or more pre-—
stored base models which is a nearest neighbor of a measurement
in a 90 degrees dimension space, wherein the base model 1is
representative of a human body 3D model with pre-defined

measurements;

applying at least a shrinking operation or an elongation
operation on each measurement of the base model in accordance
with the received body measurements of the second user type,
wherein the celery node unit selects the closest base human body
3D model such that the shrinking or elongation of measurements
is not visible in the rendered full body 3D avatar of the second

user type;

using a ball tree data structure for efficiently computing
the nearest neighbor in the 90 degrees dimension space for
selecting the base model, wherein the ball tree structure
provides determining the nearest human base model among the
several base models based on determining the base models in the
tree that are closest to a given base model by a distance metric,
and wherein a Mahalanobis distance technique, as the distance
metric, is implemented by the celery node unit for selecting the

nearest base model from several base models;
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generating the full body avatar of the second user type in
the 3D format using at least a node 1, a node 2 or a node 3

based on the selected base model; and

transmitting the generated full body avatar of the second
user type in the 3D format to an avatar generation unit, and
wherein the avatar generation unit is configured to transmit the
generated full Dbody avatar of the second user type to the
database using the 3D object management API for storage and

future retrieval.

35. The method as claimed in claim 1, wherein the generated
garment types and the generated full body 3D avatar of the second
user type are fetched, and wherein the fetched full body avatar
of the second user type and the fetched garment types are
rendered on an User Interface (UI) to the second user type and
carry out the virtual try-on operation based on using at least
a blender technique, and wherein the full body 3D avatar rendered
with the garments is rotatable in a 360° angle view to visualize

and compare the rendered garments from various angles.

36. A computer program product comprising:

a non-transitory computer-readable medium having computer
program code stored thereon, the computer—-readable program code
comprising instructions that, when executed by a processor,

causes the processor to:

receive inputs from a first user type, via a first input
unit, for generating one or more garment types in a graphical

format;
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generate a 3D avatar of a second user type in a semi-
automatic manner or an automatic manner based on capturing a
first input type or a second input type respectively received
via a second input unit, wherein the first input type comprises
measurements of body specifications of the second user type and
the second input type comprises body images of the second user

type; and

render the generated garments on the generated 3D avatar
of the second user type for carrying out a virtual try-on

operation.



