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(57) Abrégé/Abstract:
Various aspects of the subject technology relate to systems, methods, and machine-readable media for virtual try-on of items such
as spectacles. A virtual try-on interface may be implemented at a server or at a user device, and may use collision detection
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between three-dimensional models of the spectacles and of a user's face and head to determine the correct size and position of
the spectacles for virtual try-on. With the determined size and position, a virtual representation of the spectacles is superimposed
on an image of the user.
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(57) Abstract: Various aspects of the subject technology relate to sys-
tems, methods, and machine-readable media for virtual try-on of items
such as spectacles. A virtual try-on interface may be implemented at
a server or at a user device, and may use collision detection between
three-dimensional models of the spectacles and of a user's face and head
to determine the correct size and position of the spectacles for virtual
try-on. With the determined size and position, a virtual representation
of the spectacles is superimposed on an image of the user.
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VIRTUAL TRY-ON SYSTEMS AND METHODS FOR SPECTACLES

BACKGROUND
Field

[0001] The present disclosure generally relates to augmented reality, and more

particularly to virtual try-on systems and methods for spectacles.

Description of the Related Art

[0002] Augmented reality applications have been developed in which virtual objects are
digitally overlaid on images of real-world objects. In some cases, virtual objects such as
gaming characters are added to images of a scene displayed by a smartphone or tablet as a
user navigates the scene. In other cases, cartoon features such as cartoon animal facial
features are added to an image of a face of a user of a smartphone or tablet, the image having
been captured by the camera of the smartphone or tablet. In these conventional augmented
reality systems, the cartoonish, or unrealistic, nature of the virtual objects allows significant
leeway in the accuracy of the size, shape, orientation, and placement of the virtual objects

relative to the real-world objects.
SUMMARY

[0003] The present disclosure provides a system for Virtual Try-On (VTO) of a pair of
spectacle frames. The disclosed systems and methods allow a user of a VTO interface to
determine, without having access to the physical spectacle frames, how the spectacle frames
will look on their face. In the disclosed systems and methods, an image of the user is
captured by a camera, a virtual representation of the spectacles frames are superimposed on

the captured image, and the composite image is presented back to the user.

[0004] However, there are two major challenges when creating a realistic virtual try-on
experience including (i) realistic sizing of the spectacles frames for unique face
measurements and characteristics of a particular user, and (ii) realistic positioning of the

spectacles frames as they would rest on the real three-dimensional face of the user.

[0005] In accordance with aspects of the disclosure, systems and methods are provided

that overcome both of these challenges. For example, challenge (i) noted above can be

-1-
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overcome, at least in part, by determining the absolute size and distance of the user in the
captured image, and challenge (ii) above can be overcome by iteratively intersecting a three-
dimensional model of the spectacles frames with three-dimensional location information for

various aspects of the user’s face and head, as described in further detail hereinafter.

[0006] According to some aspects of the present disclosure, a computer-implemented
method is provided. The method includes capturing, with a camera of an electronic device,
an image of a face of a user; obtaining, using a sensor of the electronic device, three-
dimensional location information for the user; obtaining a three-dimensional model of a pair
of spectacles; determining a position of the virtual representation of the spectacles based on
the image and the three-dimensional location information; determining a size of a virtual
representation of the spectacles based on the image and the three-dimensional location
information; and displaying, with a display of the electronic device, a combined image
including the image of the user and the virtual representation of the spectacles with the

determined size and the determined position.

[0007] According to some aspects of the present disclosure, a computer-implemented
method is provided. The method includes capturing an image of a face of a user; obtaining a
three-dimensional model of the user at a time of capture of the image; obtaining a three-
dimensional model of a pair of spectacles; determining a size and a position for a virtual
representation of the spectacles based on the image, the three-dimensional model of the user
at the time of capture of the image, and the three-dimensional model of the pair of spectacles;
and displaying the virtual representation of the spectacles, with the determined size and at the

determined position, overlaid on the image of the face of the user.

[0008] According to some aspects of the present disclosure, a system is provided that
includes a server having a database storing three-dimensional models for a plurality of pairs
of spectacles; and a user device of a user. The user device includes memory storing code
that, when executed by a processor of the user device, causes the processor to: capture an
image of a face of the user; obtain a three-dimensional model of the user; obtain, from the
server, the three-dimensional model of a selected one of the pairs of spectacles; determine a
size and a position for a virtual representation of the selected one of the pairs of spectacles
based on the image, the three-dimensional model of the user, and the three-dimensional

model of the selected one of the selected one of the pairs of spectacles; and provide, for
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display, the virtual representation of the selected one of the pairs of spectacles, with the

determined size and at the determined position, overlaid on the image of the face of the user.

[0009] It is understood that other configurations of the subject technology will become
readily apparent to those skilled in the art from the following detailed description, wherein
various configurations of the subject technology are shown and described by way of
illustration. As will be realized, the subject technology is capable of other and different
configurations and its several details are capable of modification in various other respects, all
without departing from the scope of the subject technology. Accordingly, the drawings and

detailed description are to be regarded as illustrative in nature and not as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are included to provide further understanding
and are incorporated in and constitute a part of this specification, illustrate disclosed
embodiments and together with the description serve to explain the principles of the disclosed

embodiments. In the drawings:

[0011] FIG. 1 illustrates an example architecture for virtual try-on, suitable for practicing

some implementations of the disclosure.

[0012] FIG. 2 is a schematic diagram illustrating a virtual try-on interface, according to

certain aspects of the disclosure.

[0013] FIG. 3 illustrates an example pair of spectacles, according to certain aspects of the

disclosure.

[0014] FIG. 4 is a schematic diagram illustrating a virtual try-on interface displaying a
virtual representation of spectacles on an image of a user, according to certain aspects of the

disclosure.

[0015] FIG. 5 is a schematic diagram illustrating a facial coordinate system, according to

certain aspects of the disclosure.

[0016] FIG. 6 is a schematic diagram illustrating an embedded contact between a three-
dimensional model of spectacles and a three-dimensional model of a user, according to

certain aspects of the disclosure.
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[0017] FIGS. 7A-7D illustrate various test positions for a three-dimensional model of
spectacles in a facial coordinate system during exemplary physical placement operations for

virtual try-on, according to certain aspects of the disclosure.

[0018] FIGS. 8A-8D illustrate various test positions for a three-dimensional model of
spectacles in a facial coordinate system during other exemplary physical placement

operations for virtual try-on, according to certain aspects of the disclosure.

[0019] FIG. 9 illustrates a cross-sectional view of a portion of a pair of spectacles in

contact with a portion of a user’s face or head, according to certain aspects of the disclosure.

[0020] FIG. 10 illustrates a cross-sectional view of the portion of the pair of spectacles of
FIG. 9 compressing the portion of a user’s face or head, according to certain aspects of the

disclosure.

[0021] FIG. 11 illustrates an example process for virtual try-on of spectacles, according

to certain aspects of the disclosure.

[0022] FIG. 12 illustrates an example process for determining a position for a virtual

representation of spectacles, according to certain aspects of the disclosure.

[0023] FIG. 13 is a schematic diagram illustrating obtaining absolute measurement

locations for a user, according to certain aspects of the disclosure.

[0024] FIG. 14 is a schematic diagram illustrating a two-dimensional rendering of a

three-dimensional model of a user, according to certain aspects of the disclosure.

[0025] FIG. 15 is a schematic diagram illustrating facial landmark absolute locations for

a user, according to certain aspects of the disclosure.

[0026] FIG. 16 is a block diagram illustrating an example computer system with which
the user device, try-on server, and/or third-party server of FIG. 1 can be implemented,

according to certain aspects of the disclosure.
DETAILED DESCRIPTION

[0027] In the following detailed description, numerous specific details are set forth to

provide a full understanding of the present disclosure. It will be apparent, however, to one
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ordinarily skilled in the art, that the embodiments of the present disclosure may be practiced
without some of these specific details. In other instances, well-known structures and

techniques have not been shown in detail so as not to obscure the disclosure.

General Overview

[0028] Virtual try-on systems and methods are disclosed herein. Virtual try-on systems
and methods can be particularly useful for viewing of how spectacles or spectacles frames
would appear on the face of the user in the real world, without the user having access to the
real-world spectacles or frames. However, it should also be appreciated that the systems and
methods described herein can be applied for virtual try-on of other objects on other portions
of the user’s body, such as for virtual try-on of spectacles accessories, headwear, earrings,
other body-piercing accessories, jewelry, clothing, or the like. The virtual try-on systems and
methods disclosed herein allow the user to visualize the way a particular real-world item

would appear on the particular body of the user.

[0029] However, it has been discovered that it can be challenging to provide VTO
implementations that do not suffer from a lack of realism. In some scenarios, a VTO system
may not have access to three-dimensional information about the user and may thus guess at
how large to make a pair virtual glasses relative to the facial features of a user in an image.
This is because it is not straightforward to estimate the physical size of a user’s facial features
from an image, particularly when there is no scale reference in or for the image. Some VTO
systems may assume that the user’s head is an average size in order to determine the
appropriate size of the virtual spectacles. However, an assumption of this type would

generate unrealistic results for users who have heads that are smaller or larger than average.

[0030] Furthermore, without three-dimensional information that cannot be obtained from
a two-dimensional image, a VTO system may guess where the spectacles sit on the
customer’s face based on typical facial features of typical users. In reality, however, the
particularities of how a particular pair spectacles sit on a particular user’s face is a function of
the precise shape of the spectacles’ face front and the three-dimensional shape of the
customer’s nose and bridge. Accordingly, the use of typical features will give rise to

unrealistic results in customers with features that differ from the assumed typical features.

[0031] In some scenarios, a VTO system may request that the user provide additional

information such as inputting, to the VTO system, facial measurements or identifiers of
-5-
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particular facial features in a captured image. However, these additional user inputs can be
inaccurate and undesirably time consuming, which may drive users of the VTO system away
from the application or website providing the VTO interface (e.g., to a VTO system provided

by a competitor).

[0032] In accordance with aspects of the subject disclosure, VTO systems and methods
are provided that provide a realistic representation of the actual appearance of real-world
spectacles on particular user’s face, using a captured image of a user’s face along with a
three-dimensional representation of the user’s face, complete with information about the size
of the user’s face in the image. Because the size of the user’s face in the captured image is
directly measured, the VTO systems and methods described herein can render a virtual
representation of the spectacles in the correct relative size to the user’s face. Accurate
placement (e.g., positioning and/or orientation) of the virtual representation of the spectacles
relative to the image of the user’s face, as they would rest on the actual user’s face, is

described 1n further detail hereinafter.

[0033] Although many examples provided herein describe a user’s device or physical
features as being identified and/or stored, each user may grant explicit permission for such
user information to be collected, shared and/or stored. The explicit permission may be
granted using privacy controls integrated into the disclosed system. Each user may be
provided notice that such user information will be stored with explicit consent, and each user
may at any time end having the information stored, and may delete any stored user
information. The stored user information may be encrypted to protect user security.
Although some embodiments described herein may benefit from temporary storage of a
user’s biometric data on a remote server in accordance with any and all applicable state
and/or federal regulations, in general a user’s biometric data is stored and processed only on

the user’s device, and is discarded once a current VTO session concludes.

[0034] The user can at any time delete the user information from memory and/or opt out
of having the user information stored in memory. Additionally, the user can, at any time,
adjust appropriate privacy settings to selectively limit the types of user information stored in
memory, or select the memory in which the user information is stored (e.g., locally on the
user’s device as opposed to remotely on a server). In many examples, the user information
does not include and/or share the specific identification of the user (e.g., the user’s name)

unless otherwise specifically provided or directed by the user.
-6 -
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Example System Architecture

[0035] FIG. 1 illustrates an example architecture 100 for virtual try-on of spectacles,
suitable for practicing some implementations of the disclosure. The architecture 100 includes
try-on servers 130 and user devices 110 connected over a network 150. As shown, third-
party servers 140 may also be communicatively coupled to try-on servers 130 and/or user
devices 110 via network 150. Try-on servers 130 may include databases 142 of information
associated with objects that can be virtually tried-on with one or more of user devices 110.
For example, databases 142 of try-on servers 130 may include three-dimensional models of
various pairs of spectacles frames, with or without lenses, that are available for purchase
(e.g., from the try-on server itself, from a physical brick-and-mortar store, or from another
server such as third-party server 140). In some implementations, try-on servers 130 may also
store code that, when executed by a processor of the server, causes the processor to provide a
try-on interface (e.g., a try-on web interface) that performs the try-on methods and operations
described herein. In some implementations, the code for the try-on interface may also, or
alternatively, be stored at one or more of user devices 110. In these implementations, a user
device running a try-on interface (e.g., generated by a try-on application running on the user
device) may obtain the three-dimensional models of the spectacles from try-on servers 130

and perform try-on operations as described herein at the user device.

[0036] Third-party servers 140 may include servers that handle sales of the spectacles for
which the three-dimensional representations are stored at try-on servers 130, or third-party
servers 140 may store three-dimensional representations of other objects that can be tried on
using the try-on interface provided by try-on servers 130 and/or user devices 110 (e.g., by
storing three-dimensional models of the other objects in a database 144) and providing the

three dimensional models to try-on servers 130 and/or user devices 110.

[0037] Try-on servers 130 can each be implemented with any device having an
appropriate processor, memory, and communications capability for hosting a try-on interface
and/or for storing three-dimensional models of spectacles or other objects. User devices 110
can be, for example, desktop computers, mobile computers such as laptop computers, tablet
computers (e.g., including e-book readers), mobile electronic devices (e.g., a smartphone,
tablet, or PDA), or any other devices having appropriate imaging (e.g., visible-light imaging
and/or infrared imaging), illumination (e.g., visible light illumination and/or infrared light

illumination), processor, memory, and communications capabilities for providing a virtual
-7 -
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try-on interface. The network 150 can include, for example, any one or more of a local area
network (LAN), a wide area network (WAN), the Internet, and the like. Further, the network
150 can include, but is not limited to, any one or more of the following network topologies,
including a bus network, a star network, a ring network, a mesh network, a star-bus network,

tree or hierarchical network, and the like.

Example Virtual Try-On (VTO) Interface

[0038] FIG. 2 is a schematic diagram illustrating a virtual try-on (VTO) interface 202
running on one of user devices 110. Virtual try-on interface 202 may be a web interface
based on code being executed at a remote device such as one of try-on servers 130, or may be

alocal virtual try-on application running on the user device itself.

[0039] In the example of FIG. 2, an image 200 of a user has been captured (e.g., using a
visible light camera 205 of the user device 110) and is displayed with a display 201 of the
user device 110. It can be seen that various features of the user’s face can be identified in
image 200. For example, the user’s eyes 206, nose 223, and hair 222 can be seen and
identified in image 200 by user device 110 and/or try-on servers 130. More detailed features
such as the user’s sellion 208, pupil centers 204, otobasion superius 218, orbitale superius
216, glabella 225, and/or pronasale 210 can also be seen and identified by user device 110
and/or try-on servers 130. Other facial landmarks than can also, or alternatively, be seen and
identified in image 200 by user device 110 and/or try-on servers 130 include the user’s
endocanthion, exocanthion, tragion, zygion, palpebrale superius, palpebrale inferius,

frontotemporale, maxillofrontalle, orbitale, tragion, nasion, and menton (as examples).

[0040] However, image 200 may be a two-dimensional image that does not include any
information regarding the size and/or absolute location of any of the features of the user in
the image. Three-dimensional location information for these and/or other features of the user
can be obtained using an additional sensor 209 such as another camera, a motion sensor (e.g.,
for visual inertial odometry), a proximity sensor, a time-of-flight sensor, a laser range finder,
or any other sensor capable of capturing three-dimensional location information for an object
in the field of view of camera 205. In one example, sensor 209 may be implemented as
another visible light camera that is spatially offset from camera 205 so that parallax
information (e.g., a parallax effect between images captured by two stereo imaging cameras

205 and 209) and the known distance between the cameras can provide the three-dimensional

-8-
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location information. In another example, three-dimensional location information can be
generated using structure-from-motion operations based on motion of the user relative to

camera 205 and/or sensor 209 implemented as a camera.

[0041] In another example, sensor 209 may be an infrared camera that captures infrared
light from the user’s face and/or head such as reflections of one or more infrared beams
emitted by an infrared light source 207. For example, infrared light source 207 may emit
several (e.g., tens, hundreds, or thousands) of infrared beams that generate infrared spots at
various measurement locations on the user’s face and/or head, reflected portions of which can
be imaged by sensor 209. Distortions of the infrared spots in the captured infrared image can
be used, along with the known sizes and shapes of the infrared beams, to determine the
absolute distance to each of the infrared spots. Accordingly, sensor 209, whether
implemented as a camera or other three-dimensional sensor, allows the absolute size of the
user’s face and/or various features of the user’s face in image 200 to be determined (e.g., by
determining the distances between the absolute three-dimensional locations of various

measurement locations with corresponding features in image 200).

[0042] User device 110 (and/or try-on servers 130) may generate and/or store three-
dimensional location information for the user such as measurement point absolute three-
dimensional locations 211, a three-dimensional model 213 of the user based on the
measurement point absolute three-dimensional locations 211, and/or facial landmark absolute
locations 215. The three-dimensional location information that is stored is mapped to the
two-dimensional locations of corresponding features in image 200. Facial landmark absolute
locations 215 can be a subset of measurement point absolute three-dimensional locations 211,
may be averaged, interpolated, and/or otherwise combined measurement point absolute three-
dimensional locations 211, or can be determined based on three-dimensional model 213.
Three-dimensional model 213 may be generated based on measurement point absolute three-
dimensional locations 211 or based on facial landmark absolute locations 215 that have been
extracted or generated from measurement point absolute three-dimensional locations 211. In
various implementations, three-dimensional model 213 and/or facial landmark absolute
locations 215 may be generated at user device 110 or at try-on servers 130 using data (e.g.,
measurement point absolute three-dimensional locations 211) provided by user device 110 to

the server.
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[0043] The user represented in image 200 may desire to try on an object to which the user
does not have physical access, such as spectacles 300 of FIG. 3. As shown in FIG. 3,
spectacles 300 include physical features such as frame 302 and lenses 304 mounted in the

frame.

[0044] Frame 302 includes a bridge 308, nose pads 310, temples 306, end pieces 316, and
temple tips (earpieces) 309. Nose pads 310 can be built to the frame (e.g., for acetate frames)
or may be separate pads that are disposed on pad arms (e.g., adjustable arms) that extend
from the frame (e.g., for metal or mixed-material frames). Various portions of frame 302 can
be points of contact with corresponding portions of a wearer’s face, depending on the
particular characteristics of that wearer. For example, the bridge 308 commonly rests against
the sellion 208 of a wearer for acetate frames with integrated nose pads 310, while the
integrated nose pads rest on bridge portions 212 of the user’s nose. In another example, for
metal frames with nose pads on pad arms, the bridge 308 will float away from the user’s skin,
or will rest against a relatively higher location on the user (e.g., the glabella 225), with the
spectacles primarily supported by contact between nose pads 310 and bridge portions 212 of

the user’s nose.

[0045] With any frame material, bottom ends 314 of the frame (e.g., below the lens 304),
or the bottom of the lenses 304 in spectacles with rimless or partially rimless frames, may
float away from contact with the user, or may rest against the cheekbone portions 214 of the
user’s skin. Similarly, with any frame material, portions 312 of the frame above the lens (or
top potions of lenses mounted in rimless frames), may float away from contact with the user,
or may rest against the eyebrows, the orbitale superius 216, or nearby portions of the user’s
skin. Similarly, with any frame material, temples 306 of frame 302 will rest against the
otobasion superius 218 and/or portions of temple tips 309 may rest against portions of the
user’s head behind the user’s ears 220. The points of contact between spectacles 300 and the
user’s face and head may be symmetric on left and right sides of the user’s face and head for
users with highly symmetric features, or may be different for users with one or more

asymmetric features.

[0046] The features of spectacles 300 noted in FIG. 3, and/or other features of spectacles
300, are described by a three-dimensional model of spectacles 300 that is stored by try-on

servers 130 (e.g., for each pair of spectacles that is available for order or purchase).

-10 -
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[0047] Three-dimensional models of the user’s face and/or head as described herein may
include reference points and parameterized mathematical functions with parameters that
cause the mathematical functions to connect the reference points along paths that correspond
to the contours of the user’s face and/or head. Three-dimensional models of the spectacles as
described herein may include reference points and parameterized mathematical functions
with parameters that cause the mathematical functions to connect the reference points along
paths that correspond to the contours of the spectacles. In some scenarios, an integrated

three-dimensional model of the user’s face and/or head, and the spectacles, can be generated.

[0048] Once image 200, the three-dimensional location information for the user in the
image (e.g., 211, 213, and/or 215 of FIG. 2), and the three-dimensional model of a particular
pair of spectacles 300 have been obtained, a virtual representation of spectacles 300 can be
overlaid on image 200 so that the user can see how that particular pair spectacles 300 would

appear in the real world when worn on that user’s particular facial features.

[0049] For example, FIG. 4 illustrates a virtual representation 400 of spectacles 300 has
been sized such that the actual size of spectacles 300, relative to the actual size of the user’s
face, is accurately represented. It should be appreciated that the virtual representation 400
not been sized to match the apparent size of the user’s features in the image, but instead to
match the real-world size of the user’s features. For this reason, the virtual representation
400 of spectacles 300 may appear oversized or undersized relative to the size of the users
head and facial features (as opposed to the example of FIG. 4 in which the size appears to be
approximately correct for the user), if the actual spectacles 300 would be oversized or
undersized for the user in the real world. For example, if spectacles 300 are adult-sized
spectacles and the user is a child, virtual representation 400 of spectacles 300 will appear

oversized on image 200.

[0050] In some implementations, VTO interface 202 can detect a mis-sized pair of
spectacles based on the known size of the spectacles and the three-dimensional location
information, to alert the user to a mis-size and/or to identify and/or provide a
recommendation of one or more different pairs of spectacles to try on that may be more

appropriately sized.

[0051] In the example of FIG. 4, the virtual representation 400 of spectacles 300 is

displayed, overlaid on the image 200, in a configuration in which virtual representation 400
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has been positioned and sized relative to the image of the user to appear as spectacles 300
would rest on the user’s face in the real world. Displaying the virtual representation of the
spectacles, (with the determined size and at the determined position, overlaid on the image of
the face of the user, as in the example of FIG. 4) may include transforming the three-
dimensional model of the spectacles into a coordinate system corresponding to the displayed
two-dimensional image, determining (e.g., based on the color, size, and shape of the
transformed spectacles) a brightness and a color for each pixel in a modified version of the
two-dimensional image accordingly so that the virtual representation 400 appears correctly,
and operating the display pixels of the display 201 of device 110 to display each of the pixels
of the modified image with the determined brightness and color for that pixel.

[0052] In the example of FIG. 4, virtual representation 400 of spectacles 300 is overlaid
on image 200 to show nose pads 310 resting on bridge portions 212 of the user’s nose and
supporting bridge 308 above and away from sellion 208. Temples 306 are shown resting at

the otobasion superius 218 of the user’s ear 220.

[0053] However, the point of contact, or combination of points of contact between a
particular pair of spectacles 300 and a particular user’s face will determine how that
particular pair of spectacles will rest on that particular user’s face. Accordingly, in order to
determine the position and orientation of a virtual representation 400 of spectacles 300 on an
image 200 of a particular user, the three-dimensional model of the spectacles may be placed
in a virtual scene with the three-dimensional location information for the user (e.g.,
measurement point absolute three-dimensional locations 211, three-dimensional model 213,
and/or facial landmark absolute locations 215), and a test is performed to determine whether
the two entities intersect. In an intersection test, user device 110 and/or servers 130
determine whether a geometrical surface corresponding to the surface of the user’s face
(based on the measurement point absolute three-dimensional locations 211, three-dimensional
model 213, and/or facial landmark absolute locations 215) coincides with a geometrical
surface corresponding to the outer surface of the spectacles (based on the three-dimensional
model of the spectacles) at any point. If the two geometrical surfaces coincide, the point of
contact, or a set of points of contact (e.g., corresponding to one or more intersection curves
between the two geometrical surfaces) may be identified. Multiple intersection tests can be
performed in an iterative manner with different positions and/or orientations of the three-

dimensional model of spectacles 300 relative to the three-dimensional location information
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for the user, to identify the correct set of points of contact, and to determine the correct
position and orientation of a virtual representation 400 of spectacles 300 on an image 200 of a

particular user.

[0054] These iterative intersection tests may be referred to as physical placement
operations, and may be performed to simulate the physical process that occurs when a

customer actually places spectacles on their face.

[0055] The physical placement operations may include designating a facial coordinate
system, such as the facial coordinate system shown in FIG. 5. In the example of FIG. 5, the x
axis refers to the axis that defines (e.g., extends between) a user’s left and right sides, where
the positive x axis extends from the origin toward user’s own left side. The y axis in FIG. 5
refers to the axis that defines (e.g., extends between) the top and bottom of the user’s head,
where the positive y axis extends orthogonally to the x axis from the origin toward the top of
the user’s head. As shown, the z axis refers to the axis that defines (e.g., extends between)
the front and back of the user’s head, where the positive z axis extends orthogonally to the x

axis and the y axis and from the origin towards the front of the user’s head.

[0056] The physical placement operations may include identifying a facial landmark that
serves as the origin of the facial coordinate system. In this way, the placement of the
spectacles can be described as an offset from the origin of the facial coordinate system. One
particularly useful reference point is the sellion 208, which refers to the deepest midline point
of the angle formed between the nose and forehead, or the deepest point in the “divot”
between the user’s eyes. The location of sellion 208 may be identified by user device 110
and/or try-on servers 130 using image 200 and/or the three-dimensional location information
for the user. The physical placement operations may include identifying an origin of a
spectacle coordinate system, such as the bottom-most, back-most point in the horizontal

center of the spectacles’ bridge 308.

[0057] The physical placement operations may be adjusted to provide varying levels of
complexity and realism, depending on the computational resources (e.g., processing power,
memory, and/or communications bandwidth) available at the device performing the virtual
try-on operation. In one example, the physical placement operations may include (i) setting
the x offset between the original of the spectacle coordinate system and the facial coordinate

system to zero, and (ii) selecting fixed y and z offsets between the original of the spectacle
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coordinate system and the facial coordinate system (e.g., between the sellion and spectacle
origin). In this example, the fixed y and z offsets may be selected based on the type of frame
(e.g., acetate or metal) and/or the locations of a set of facial landmarks for the user. Fixed y
and z offsets of this type may be used in low computing power or low bandwidth scenarios to
give realistic results for many combinations of customers and spectacles, but with the
likelihood that the results will not be realistic in all cases. For example, in some cases, fixed
vy and z offsets will result in unrealistic intersections between the spectacle model and the face
model, causing the spectacles to appear inappropriately “behind” the face or embedded
within the user’s face as shown in FIG. 6. In the example of FIG. 6, portions 600 of the
virtual representation 400 of spectacles 300 are inappropriately embedded within the user’s
face. In other cases, the spectacles may appear to be unrealistically floating in front of the

user’s face.

[0058] In order to provide a more realistic try-on experience, the physical placement
operations may include one or more iterative intersection operations. Examples illustrating

two sets of iterative intersection operations are shown in FIGS. 7A-7D and 8A-8D.

[0059] FIGS. 7A-7D illustrate an iterative intersection operation using a fixed z offset
(e.g.. a common z offset at multiple test positions) and a variable y offset, which may be used
for placement of acetate frames that have rigid face fronts and are typically pushed up against
the sellion when worn. In the example of FIGS. 7A-7D, multiple test positions of the three-
dimensional model of the pair of spectacles in the facial coordinate system are illustrated,
each having the x offset between the origin of the three-dimensional model of spectacles 300
and the origin of the facial coordinate system set to zero. A fixed z offset between the two
origins (e.g., between the sellion and the spectacle origin) can be selected (e.g., based on a
predetermined typical separation between the spectacles and the sellion). To determine the
final y offset for the final position of the virtual representation 400 of spectacles 300, the y
offset may be varied (e.g., as illustrated in FIGS. 7A-7D) to generate multiple test positions
to find the value of the y offset that results in the spectacles just making contact with the face.
In the example of FIGS. 7A-7D, each of four example test positions in the facial coordinate
system has a different y offset along the y axis, a zero x offset along the x axis, and a common

z offset along the z axis.

[0060] In the example of FIG. 7A, a first test position (e.g., a first y offset with a fixed z

offset, and zero x offset) has been selected However, in this first test position, the three-
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dimensional model of spectacles 300 is partially embedded in the three-dimensional
representation of the user’s face (e.g., the three-dimensional location information), which, if
displayed, would cause virtual representation 400 of spectacles 300 to disappear into the
image of the user’s face, as shown. This embedding may be detected (e.g., by user device
110 or try-on servers 130) by performing an intersection operation that includes a collision
detection operation between the three-dimensional model of spectacles 300 and the three-

dimensional representation of the user’s face.

[0061] When an embedded contact of the type shown in FIG. 7A is detected, the three-
dimensional model of spectacles 300 may be moved to a new test position (e.g., at a new y
offset with the same common z offset and zero x offset) as illustrated in FIG. 7B. For
example, the new test position may be an incrementally different new test position or a new
test position at which there is no contact between the three-dimensional model of spectacles
300 and the three-dimensional representation of the user’s face (e.g., as determined with
another collision detection operation at the new position). The new test position may

correspond to a parameter describing an initial translation increment.

[0062] If it is determined (e.g., by user device 110 or try-on servers 130) that there is no
contact between the three-dimensional model of spectacles 300 and the three-dimensional
representation of the user’s face as in the example of FIG. 7B, another new test position (e.g.,
another new y offset) can be determined, for example, using a binary search operation or
other search algorithm as would be understood by one skilled in the art, and another
intersection (e.g., collision detection) operation is performed at that next new test position.
For example, in the example of FIG. 7C, the new y offset is approximately halfway between
the y offset of FIG. 7B and a zero y offset. However, at the test position shown in FIG. 7C,
user device 110 or try-on servers 130 may determine that there is still no contact between the
three-dimensional model of spectacles 300 and the three-dimensional representation of the
user’s face (e.g., as determined by performing another collision detection operation at the

new position of FIG. 7C).

[0063] The physical placement operations include one or more additional collision
detection (intersection) operations at one or more additional y offsets (e.g., each determined
using a binary search algorithm) until the correct resting position for the three-dimensional
model of spectacles 300 on the three-dimensional representation of the user’s face is

identified (e.g., as illustrated in FIG. 7D). The correct resting position may be the first
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position at which the three-dimensional model of spectacles 300 makes any contact with the
three-dimensional representation of the user’s face while moving from a position of no
contact. However, in some scenarios, the physical placement operations may include
additional operations such as determining whether that first contact is a resting contact at
which the spectacles would be stable on the user’s face or if the first contact is an unstable

contact.

[0064] For example, if the first contact is contact between bridge 308 and the sellion 208
of the user or between nose pads 310 and bridge portions 212 of the user’s nose, the contact
may be determined to be a stable or resting contact. However, in some scenarios, the first
contact may be between the user’s face and bottom portions 314 of frames 302 before contact
with bridge 308 or nose pads 310, which may indicate an unstable contact (e.g., because the
spectacles would likely fall or slide to another position in which at least one of bridge 308 or
nose pads 310 is in contact with the user, whether or not the contact with the bottom portions

314 is maintained during or after the fall or slide).

[0065] If additional intersections at additional positions are performed following first
contact, the additional positions may be selected to avoid embedding and/or to avoid
separation of the first contact point until at least one other contact point takes over control of
the position of the spectacles relative to the user’s face (e.g., by simulating sliding the bottom

portions of the frames along the users face until the nose pad or bridge make contact).

[0066] FIGS. 8A-8D illustrate an iterative intersection operation using a fixed y offset
(e.g.., a common y offset for all test positions) and a variable z offset, which may be used for
placement of metal and/or mixed-material frames that have adjustable nose pads that allow
for more flexibility in placement (e.g., since the user can later adjust the nose pads in the real
world to obtain the correct y offset, allowing that correct y offset to be assumed and held
fixed during the placement operations). In the example of FIGS. 8 A-8D, each of four test
positions in the facial coordinate system has a different z offset along the z axis, a zero x

offset along the x axis, and a common y offset along the y axis.

[0067] In the example of FIG. 8A, a first test position (e.g., a first z offset with a fixed y
and zero x offset) has been selected. However, in this first test position, the three-
dimensional model of spectacles 300 is embedded in the three-dimensional representation of

the user’s face, which, if displayed, would cause at least portions of virtual representation 400
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of spectacles 300 to disappear into the user’s face, as shown. This embedding may be
detected (e.g., by user device 110 or try-on servers 130) by performing an intersection
operation that includes a collision detection operation between the three-dimensional model

of spectacles 300 and the three-dimensional representation of the user’s face.

[0068] When an embedded contact of the type shown in FIG. 8A is detected, the three-
dimensional model of spectacles 300 may be moved to a new test position (e.g., at a new z
offset) as illustrated in FIG. 8B. For example, the new test position may be an incrementally
different new test position or a new test position at which there is no contact between the
three-dimensional model of spectacles 300 and the three-dimensional representation of the
user’s face (e.g., as determined with another collision detection operation at the new

position).

[0069] If it is determined (e.g., by user device 110 or try-on servers 130) that there is no
contact between the three-dimensional model of spectacles 300 and the three-dimensional
representation of the user’s face as in the example of FIG. 8B, another new test position (e.g.,
another new z offset) can be determined, for example, using a binary search algorithm or
other search algorithm as would be understood by one skilled in the art, and another
intersection (e.g., collision detection) operation is performed at that next new test position.
For example, in the example of FIG. 8C, the new z offset is approximately halfway between
the z offset of FIG. 8B and a zero z offset. However, at the test position shown in FIG. 8C,
user device 110 or try-on servers 130 may determine that there is still no contact between the
three-dimensional model of spectacles 300 and the three-dimensional representation of the
user’s face (e.g., as determined by performing another collision detection operation at the

new test position of FIG. 8C).

[0070] The physical placement operations include one or more additional collision
detection (intersection) operations at one or more additional z offsets (e.g., each determined
using a binary search algorithm) until the correct resting position for the three-dimensional
model of spectacles 300 on the three-dimensional representation of the user’s face is
identified (e.g., as illustrated in FIG. 8D). The correct resting position may be the position at
which the three-dimensional model of spectacles 300 makes any contact with the three-
dimensional representation of the user’s face while moving from a position of no contact.
However, in some scenarios, the physical placement operations may include additional

operations such as determining whether that first contact is a resting contact at which the
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spectacles would be stable on the user’s face or if the first contact is an unstable contact as

described herein.

[0071] In the examples of FIGS. 7D and 8D, because the spectacle model is positioned
precisely in contact with the face model, there will be no unrealistic intersections between
them when the virtual representation 400 is overlaid on image 200. It should be appreciated
that, although the y and z variations of FIGS. 7A-7D and 8 A-8D respectively are illustrated
separately, in some scenarios, iterative intersection operations can be performed with
variations of the test position of the three-dimensional model of the spectacles in the x, y,

and/or z directions of the facial coordinate system.

[0072] In some try-on operations, high-fidelity position-improvement operations can be
performed in which additional features of spectacles 300 (e.g., the mass, flexibility, materials,
and/or other characteristics of the frames 302, and/or the mass, magnification power, and/or
other properties of the lenses 304), and/or additional features of the user (e.g., the resilience
of the user’s skin, the tilt angle of the user’s head, the relative projection distances of various
facial features, etc.) are incorporated into the three-dimensional models and/or the
intersection operations to determine the final position. For example, a resting contact
position without any deformation of frames 302 or the user’s skin can first be established
(e.g.. using the processes described above in connection with FIGS. 7A-7D and 8A-8D),
followed by a high-fidelity position-enhancement operation in which the force and direction
of gravity and the mass and flexibility the frames and/or the pliability of the user’s skin is

incorporated to determine an improved resting position.

[0073] For example, FIG. 9 illustrates a cross-sectional view of a portion 900 of
spectacles 300 that is in resting contact with a portion 902 of the user’s skin at a contact
location 904. Portion 900 may represent a portion of bridge 308 in contact with portion 902
representing a portion of the user’s nose such that contact location 904 is at or near the sellion
208. In another example, portion 900 may represent a part of bottom portion 314 of frames
302 in contact with portion 902 representing cheekbone portion 214 of the user’s face, where
the frames are also resting against the user’s face and/or head at one or more other locations.
The resting contact arrangement illustrated in FIG. 9 may be used as the final position of the
three-dimensional model of spectacles 300 for display of virtual representation 400 in some

scenarios. However, in the high-fidelity position-enhancement operations, it may be
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determined that the force of gravity may press portion 900 into portion 902 of the user’s skin

in the real world.

[0074] For example, as illustrated in FIG. 10, user device 110 and/or try-on servers 130
may determine a direction 1000 of gravity, a mass of spectacles 300, the contour shape 1004
of portion 902 of the user’s skin, and the pliability of the user’s skin, to determine a
compression 1006 of some or all of portion 902 that would occur due to the weight of the
spectacles. Image 200 and/or the position of virtual representation 400 of spectacles 300 may
be modified to indicate to the user that compression 1006 would occur for that particular pair

of spectacles.

[0075] These high-fidelity operations can also be used to simulate motion of the
spectacles relative to the user’s face or head (e.g., due to a loose fit and a tipped head, due to
back-and-forth or up-down motion of the user’s head, slippage of the frames down the user’s
nose due to gravity, adjustment of the position of the virtual representation of the spectacles
with the user’s hand, or the like) to provide more information to the user about how a

particular pair of spectacles will fit and/or behave while being worn.

[0076] FIG. 11 illustrates a flow diagram of an example process for virtual try-on of
spectacles, in accordance with one or more implementations. For explanatory purposes, the
process of FIG. 11 is primarily described herein with reference to one or more devices of
FIGS. 1 and 2 (particularly with reference to try-on servers 130 and/or user devices 110),
which may be executed by one or more processors of the servers 130 and/or user devices 110
of FIG. 1. However, the process of FIG. 11 is not limited to servers 130 and/or user devices
110, and one or more blocks (or operations) of the process may be performed by one or more
other components of other suitable devices. Further for explanatory purposes, the blocks of
the process of FIG. 11 are described herein as occurring in series, or linearly. However,
multiple blocks of the process of FIG. 11 may occur in parallel. In addition, the blocks of the
process of FIG. 11 need not be performed in the order shown and/or one or more blocks of

the process of FIG. 11 need not be performed and/or can be replaced by other operations.

[0077] At block 1100, an image of a user may be obtained. For example, an image such
as image 200 of FIG. 2 may be captured using a camera such as camera 205 of user device

110.
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[0078] At block 1102, three-dimensional location information for the user may be
obtained. For example, the three-dimensional location information may include measurement
point absolute three-dimensional locations 211, a three-dimensional model 213 of the user
based on the measurement point absolute three-dimensional locations 211, and/or facial
landmark absolute locations 215 as described herein. The three-dimensional location
information may be obtained, for example, using an additional sensor such as sensor 209

and/or a light source such as light source 207 (see, e.g., FIGS. 2 and 13).

[0079] At block 1104, a three-dimensional model of spectacles such as spectacles 300 is
obtained. The three-dimensional model of the spectacles may be obtained from a database of
models (e.g., one of databases 142 of FIG. 1), each corresponding to a real-world pair of
spectacles, the models stored at try-on server 130 or another server. Obtaining the three-
dimensional model of the spectacles may include downloading the three-dimensional model
of the spectacles from the server to user device 110 (e.g., if try-on operations are performed

at the user device).

[0080] At block 1106, a position and/or an orientation for the digital representation of the
spectacles is determined based on the image, three-dimensional location information for the
user, and/or the three-dimensional model of the spectacles. Determining the position and/or
the orientation for the digital representation of the spectacles may include performing
physical placement operations as described above in connection with, for example, FIGS.
7A-7D and 8A-8D and as further described hereinafter in connection with FIG. 12. The
physical placement operations may include a combination of one or more iterative collision
detection (intersection) and binary position search operations, and may include one or more

high-fidelity position-improvement operations.

[0081] At block 1108, a size for a virtual representation of the spectacles is determined
based on the image, the three-dimensional location information for the user, and/or the three-
dimensional model of the spectacles. The determined size may be a pixel size, in image
pixels, that accurately corresponds to the real-world size of the spectacles relative to the
user’s face. For example, determining the size may include determining, using the three-
dimensional location information, a physical size of the face of the user; determining, using
the image and the determined physical size, a size of the face of the user in image pixels;
determining a pixel size for each image pixel in the image using the determined physical size

and the size of the face of the user in image pixels; and determining, based on a known size
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of the spectacles and the determined pixel size, the size of the virtual representation of the

spectacles (e.g., in pixels) for the determined position and/or orientation.

[0082] At block 1110, a combined image is displayed in which, for example, the virtual
representation of the spectacles, with the determined size, position and/or orientation is
overlaid on the image of the user for display (e.g., using display 201 of user device 110) as

illustrated in, for example, FIG. 4.

[0083] FIG. 12 illustrates a flow diagram of an example process for the determination of
the position and/or orientation of a virtual representation of spectacles as described in
connection with block 1108 of FIG. 11, in accordance with one or more implementations.
For explanatory purposes, the process of FIG. 12 is primarily described herein with reference
to one or more devices of FIGS. 1 and 2 (particularly with reference to try-on servers 130
and/or user devices 110), which may be executed by one or more processors of the servers
130 and/or user devices 110. However, the process of FIG. 12 is not limited to servers 130
and/or user devices 110, and one or more blocks (or operations) of the process may be
performed by one or more other components of other suitable devices. Further for
explanatory purposes, the blocks of the process of FIG. 12 are described herein as occurring
in series, or linearly. However, multiple blocks of the process of FIG. 12 may occur in
parallel. In addition, the blocks of the process of FIG. 12 need not be performed in the order
shown and/or one or more blocks of the process of FIG. 12 need not be performed and/or can

be replaced by other operations.

[0084] At block 1200, an initial position (e.g., an initial test position) of the three-
dimensional model of the spectacles, relative to the three-dimensional location information
for the user, is identified. The initial position may have a zero x offset and a fixed y or z

offset as described above in connection with FIGS. 7A or 8A.

[0085] At block 1202, user device 110 and/or try-on servers 130 determines whether the
three-dimensional model of the spectacles intersects with the three-dimensional location
information for the user. Determining whether the three-dimensional model of the spectacles
intersects with the three-dimensional location information for the user may include
performing a collision detection operation between the three-dimensional model of the
spectacles and the three-dimensional location information for the user (e.g., by determining

whether the three-dimensional model of the spectacles, at the initial position, intersects with
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any of the measurement locations 211, the three-dimensional model 213, or the facial

landmark locations 215).

[0086] If it is determined that there is no intersection (e.g., the virtual representation of
the glasses would appear to float away from the user’s face in image 200), at block 1204 a
new test position for the three-dimensional model of the spectacles (in the facial coordinate
system) may be determined. Determining the new test position may include performing a
binary position search operation, incrementally moving the three-dimensional model of the
spectacles toward the origin of the facial coordinate system, or otherwise determining a new
test position (e.g., pseudo-randomly). Following identification of the new test position, the

operations of block 1202 may be repeated with the new test position.

[0087] If it is determined (at block 1204) that the three-dimensional model of the
spectacles intersects with the three-dimensional location information for the user, user device
110 and/or try-on servers 130 determine, at block 1206, whether the intersection is a contact
intersection (e.g., as illustrated in FIGS. 7D, 8D, and 9), or an embedded intersection (e.g., as
illustrated in FIGS. 6, 7A, and 8A). A contact intersection may be determined by detection of
a single contact point, or by determining that all contact points are at outer edges of both
models (as examples). An embedded intersection may be determined by determining that an
internal point in one of the three-dimensional models is in contact with a portion of the other

model.

[0088] If it is determined (at block 1206) that the intersection is an embedded intersection
(e.g., as illustrated in FIGS. 6, 7A, and 8A), at block 1208 a new test position for the three-
dimensional model of the spectacles (in the facial coordinate system) may be determined.
Determining the new test position may include performing a binary position search operation,
incrementally moving the three-dimensional model of the spectacles toward the origin of the
facial coordinate system, or otherwise determining a new test position (e.g., pseudo-
randomly). Following identification of the new test position at block 1208, the operations of

block 1202 may be repeated with the new test position.

[0089] If it is determined (at block 1206) that the intersection is a contact intersection
(e.g., as illustrated in FIGS. 7D, 8D, and 9), user device 110 and/or try-on servers 130 may
proceed directly to block 1214 and identify the current test position as final position for

display at block 1110, or at block 1210, user device 110 and/or try-on servers 130 may
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determine whether the contact position is a resting contact position (e.g., or an unstable
contact position). For example, the contact intersection may include contact between bridge
308 and the sellion 208 of the user or between nose pads 310 and bridge portions 212 of the
user’s nose, in which case the contact may be determined to be a stable or resting contact. In
other examples, the contact intersection may be contact between bottom portions 314 of
frames 302 before contact with bridge 308 or nose pads 310, which may indicate an unstable

contact.

[0090] If, at block 1210, the contact intersection is determined not to be a resting contact,
user device 110 and/or try-on servers 130 may return to block 1204 at which a new test
position for the three-dimensional model of the spectacles (in the facial coordinate system) is
determined. If additional test positions are used following detection of a contact intersection
at block 1206, the additional test positions may be selected using the binary search or other
pre-contact algorithm, or may be selected to avoid embedding and/or to avoid separation of
the contact point of the contact intersection until at least one other contact point takes over
control of the position of the spectacles relative to the user’s face (e.g., by virtually sliding
the bottom portions of the frames along the users face until the nose pad or bridge make
contact). Following identification of the new test position, the operations of blocks 1202,
1206, and 1210 may be repeated with the new test position, or if the new test position has
been selected to maintain contact and avoid embedding, user device 110 and/or try-on servers

130 may return directly to block 1210 with the new test position.

[0091] If it is determined (at block 1210) that the intersection is a contact intersection
(e.g., as illustrated in FIGS. 7D, 8D, and 9), user device 110 and/or try-on servers 130 may
proceed directly to block 1214 and identify the current test position as final position for
display at block 1110, or at block 1212, user device 110 and/or try-on servers 130 may
perform high-fidelity placement-improvement operations (e.g., as described above in

connection with FIG. 10).

[0092] At block 1210, the current position and orientation of the three-dimensional model
of the spectacles in the facial coordinate system may be identified as the final position for

display of virtual representation 400 at block 1110 (e.g., as in the example of FIG. 4 above).

[0093] Although various examples are described herein as being carried out in a facial

coordinate system as shown in FIG. 5, it should be appreciated that any of the various
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physical placement operations can be performed in any coordinate system (e.g., in the

spectacles coordinate system or another coordinate system).

[0094] It is described above in connection with, for example, FIGS. 1, 2, 11, and 12 that
user device 110 and/or try-on servers 130 may obtain, generate, and/or store measurement
point absolute three-dimensional locations 211 for a user in a captured image 200, a three-
dimensional model 213 of the user based on the measurement point absolute three-
dimensional locations 211, and/or facial landmark absolute locations 215. FIGS. 13, 14, and
15 illustrate, respectively, the measurement point absolute three-dimensional locations 211,
the three-dimensional model 213 of the user based on the measurement point absolute three-

dimensional locations 211, and the facial landmark absolute locations 215.

[0095] FIG. 13 illustrates how user device 110 (e.g., using light source 207) may generate
multiple light beams such as infrared beams 1300 that reflect from various incidence
locations 1302 on the user’s face, in one exemplary implementation for the three-dimensional
sensor 209 of FIG. 1. Each beam 1300 generates a spot at the incidence location 1302 with a
size and a distortion that is determined by the distance to that location and the shape of the
surface at that location. Using the known beam sizes for beams 1300, and an infrared image
of the spots captured by sensor 209 (implemented as an infrared sensor in this example), the
distances to each incidence location 1302 can be determined. Each incidence location 1302

may represent a measurement point absolute three-dimensional location 211.

[0096] FIG. 14 illustrates a two dimensional rendering 1400 of three-dimensional model
213 of the user (e.g., at the time of capture of image 200) based on the measurement point
absolute three-dimensional locations 211. Rendering 1400 may be generated by drawing
points and/or lines defined by reference points and/or mathematical functions connecting the
reference points that define the model. The model may be stored by storing the reference
points, mathematical functions, parameter values for the mathematical functions, and/or other
model data, whether or not the model is ever rendered for viewing. The model itself can be
intersected with the three-dimensional model of spectacles 300 without rendering of either

model.

[0097] FIG. 15 illustrates representations 1500 of various facial landmark absolute
locations 215. The facial landmark absolute locations 215 may be a selected subset of

measurement point absolute three-dimensional locations 211 at various facial landmarks, may
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be averaged or interpolated from two or more of measurement point absolute three-
dimensional locations 211, or may be derived or extracted from three-dimensional model
213. In some scenarios in which facial landmark absolute locations 215 are derived directly
(e.g.., via averaging, interpolation, or other combination) from measurement point absolute
three-dimensional locations 211, three-dimensional model 213 may be generated based on
facial landmark absolute locations 215 as input data points. Facial landmarks for which
absolute three-dimensional locations can be determined include, but are not limited to, the
sellion, endocanthion, exocanthion, tragion, zygion, otobasion superius, orbitale superius,
palpebrale superius, palpebrale inferius, center point of the pupil, glabella, frontotemporale,

maxillofrontalle, orbitale, tragion, nasion, pronasale, and menton.

Hardware Overview

[0098] FIG. 16 is a block diagram illustrating an exemplary computer system 1600 with
which the user device 110, try-on server(s) 130, and/or third-party server 140 of FIG. 1 can
be implemented. In certain aspects, the computer system 1600 may be implemented using
hardware or a combination of software and hardware, either in a dedicated server, or

integrated into another entity, or distributed across multiple entities.

[0099] Computer system 1600 includes a bus 1608 or other communication mechanism
for communicating information, and a processor 1602 coupled with bus 1608 for processing
information. By way of example, the computer system 1600 may be implemented with one
or more processors 1602. Processor 1602 may be a general-purpose microprocessor, a
microcontroller, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA), a Programmable Logic Device (PLD), a
controller, a state machine, gated logic, discrete hardware components, or any other suitable

entity that can perform calculations or other manipulations of information.

[00100] Computer system 1600 can include, in addition to hardware, code that creates an
execution environment for the computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database management system, an operating system, or
a combination of one or more of them stored in an included memory, such as a Random
Access Memory (RAM), a flash memory, a Read Only Memory (ROM), a Programmable
Read-Only Memory (PROM), an Erasable PROM (EPROM), registers, a hard disk, a
removable disk, a CD-ROM, a DVD, or any other suitable storage device, coupled to bus
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1608 for storing information and instructions to be executed by processor 1602. The
processor 1602 and the memory 1604 can be supplemented by, or incorporated in, special

purpose logic circuitry.

[00101] The instructions may be stored in the memory 1604 and implemented in one or
more computer program products, i.e., one or more modules of computer program
instructions encoded on a computer readable medium for execution by, or to control the
operation of, the computer system 1600, and according to any method well known to those of
skill in the art, including, but not limited to, computer languages such as data-oriented
languages (e.g., SQL, dBase), system languages (e.g., C, Objective-C, C++, Assembly),
architectural languages (e.g., Java, NET), and application languages (e.g., PHP, Ruby, Perl,
Python). Instructions may also be implemented in computer languages such as array
languages, aspect-oriented languages, assembly languages, authoring languages, command
line interface languages, compiled languages, concurrent languages, curly-bracket languages,
dataflow languages, data-structured languages, declarative languages, esoteric languages,
extension languages, fourth-generation languages, functional languages, interactive mode
languages, interpreted languages, iterative languages, list-based languages, little languages,
logic-based languages, machine languages, macro languages, metaprogramming languages,
multiparadigm languages, numerical analysis, non-English-based languages, object-oriented
class-based languages, object-oriented prototype-based languages, off-side rule languages,
procedural languages, reflective languages, rule-based languages, scripting languages, stack-
based languages, synchronous languages, syntax handling languages, visual languages, wirth
languages, and xml-based languages. Memory 1604 may also be used for storing temporary
variable or other intermediate information during execution of instructions to be executed by

processor 1602,

[00102] A computer program as discussed herein does not necessarily correspond to a file
in a file system. A program can be stored in a portion of a file that holds other programs or
data (e.g., one or more scripts stored in a markup language document), in a single file
dedicated to the program in question, or in multiple coordinated files (e.g., files that store one
or more modules, subprograms, or portions of code). A computer program can be deployed
to be executed on one computer or on multiple computers that are located at one site or
distributed across multiple sites and interconnected by a communication network. The

processes and logic flows described in this specification can be performed by one or more
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programmable processors executing one or more computer programs to perform functions by

operating on input data and generating output.

[00103] Computer system 1600 further includes a data storage device 1606 such as a
magnetic disk or optical disk, coupled to bus 1608 for storing information and instructions.
Computer system 1600 may be coupled via input/output module 1610 to various devices.
The input/output module 1610 can be any input/output module. Exemplary input/output
modules 1610 include data ports such as USB ports. The input/output module 1610 is
configured to connect to a communications module 1612. Exemplary communications
modules 1612 include networking interface cards, such as Ethernet cards and modems. In
certain aspects, the input/output module 1610 is configured to connect to a plurality of
devices, such as an input device 1614 and/or an output device 1616. Exemplary input
devices 1614 include a keyboard and a pointing device (e.g., a mouse or a trackball), by
which a user can provide input to the computer system 1600. Other kinds of input devices
1614 can be used to provide for interaction with a user as well, such as a tactile input device,
visual input device, audio input device, or brain-computer interface device. For example,
feedback provided to the user can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback; and input from the user can be received in any form,
including acoustic, speech, tactile, or brain wave input. Exemplary output devices 1616
include display devices, such as a LCD (liquid crystal display) or light-emitting diode (LED)

display, for displaying information to the user.

[00104]  According to one aspect of the present disclosure, user device 110, try-on servers
130, and/or third-party server 140 can be implemented using a computer system 1600 in
response to processor 1602 executing one or more sequences of one or more instructions
contained in memory 1604. Such instructions may be read into memory 1604 from another
machine-readable medium, such as data storage device 1606. Execution of the sequences of
instructions contained in main memory 1604 causes processor 1602 to perform the process
steps described herein. One or more processors in a multi-processing arrangement may also
be employed to execute the sequences of instructions contained in memory 1604. In
alternative aspects, hard-wired circuitry may be used in place of or in combination with
software instructions to implement various aspects of the present disclosure. Thus, aspects of
the present disclosure are not limited to any specific combination of hardware circuitry and

software.
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[00105] Various aspects of the subject matter described in this specification can be
implemented in a computing system that includes a back end component (e.g., as a data
server), or that includes a middleware component (e.g., an application server), or that
includes a front end component, e.g., a client computer having a graphical user interface or a
Web browser through which a user can interact with an implementation of the subject matter
described in this specification, or any combination of one or more such back end,
middleware, or front end components. The components of the system can be interconnected
by any form or medium of digital data communication (e.g., a communication network). The
communication network (e.g., network 150) can include, for example, any one or more of a
LAN, a WAN, the Internet, and the like. Further, the communication network can include,
but is not limited to, for example, any one or more of the following network topologies,
including a bus network, a star network, a ring network, a mesh network, a star-bus network,
tree or hierarchical network, or the like. The communications modules can be, for example,

modems or Ethernet cards.

[00106] Computer system 1600 can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other. Computer system
1600 can be, for example, and without limitation, a desktop computer, laptop computer, or
tablet computer. Computer system 1600 can also be embedded in another device, for
example, and without limitation, a mobile telephone, a PDA, a mobile audio player, a Global

Positioning System (GPS) receiver, a video game console, and/or a television set top box.

[00107] The term “machine-readable storage medium”™ or “computer readable medium™ as
used herein refers to any medium or media that participates in providing instructions to
processor 1602 for execution. Such a medium may take many forms, including, but not
limited to, non-volatile media, volatile media, and transmission media. Non-volatile media
include, for example, optical or magnetic disks, such as data storage device 1606. Volatile
media include dynamic memory, such as memory 1604. Transmission media include coaxial
cables, copper wire, and fiber optics, including the wires that comprise bus 1608. Common
forms of machine-readable media include, for example, a floppy disk, a flexible disk, a hard
disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD, any other optical

medium, punch cards, paper tape, any other physical medium with patterns of holes, a RAM,
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a PROM, an EPROM, a FLASH EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read. The machine-readable storage medium can be a
machine-readable storage device, a machine-readable storage substrate, a memory device, a
composition of matter effecting a machine-readable propagated signal, or a combination of

one or more of them.

[00108] As used herein, the phrase “at least one of” preceding a series of items, with the
terms “and” or “or” to separate any of the items, modifies the list as a whole, rather than each
member of the list (i.e., each item). The phrase “at least one of”” does not require selection of
at least one item; rather, the phrase allows a meaning that includes at least one of any one of
the items, and/or at least one of any combination of the items, and/or at least one of each of
the items. By way of example, the phrases “at least one of A, B, and C” or “at least one of A,
B, or C” each refer to only A, only B, or only C; any combination of A, B, and C; and/or at

least one of each of A, B, and C.

[00109] To the extent that the term “include™, “have”, or the like is used in the description
or the claims, such term is intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as a transitional word in a claim.
The word “exemplary” is used herein to mean “serving as an example, instance, or
illustration”. Any embodiment described herein as “exemplary” is not necessarily to be

construed as preferred or advantageous over other embodiments.

[00110] A reference to an element in the singular is not intended to mean “one and only
one” unless specifically stated, but rather “one or more”. All structural and functional
equivalents to the elements of the various configurations described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are expressly
incorporated herein by reference and intended to be encompassed by the subject technology.
Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of

whether such disclosure is explicitly recited in the above description.

[00111] While this specification contains many specifics, these should not be construed as
limitations on the scope of what may be claimed, but rather as descriptions of particular
implementations of the subject matter. Certain features that are described in this specification
in the context of separate embodiments can also be implemented in combination in a single

embodiment. Conversely, various features that are described in the context of a single
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embodiment can also be implemented in multiple embodiments separately or in any suitable
subcombination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed

combination may be directed to a subcombination or variation of a subcombination.

[00112] The subject matter of this specification has been described in terms of particular
aspects, but other aspects can be implemented and are within the scope of the following
claims. For example, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. The actions recited in the claims can be performed in a different order and
still achieve desirable results. As one example, the processes depicted in the accompanying
figures do not necessarily require the particular order shown, or sequential order, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the aspects
described above should not be understood as requiring such separation in all aspects, and it
should be understood that the described program components and systems can generally be
integrated together in a single software product or packaged into multiple software products.

Other variations are within the scope of the following claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A computer-implemented method, comprising:

capturing, with a camera of an electronic device, an image of a face of a user;

obtaining, using a sensor of the electronic device, three-dimensional location
information for the user;

obtaining a three-dimensional model of a pair of spectacles;

determining a position of a virtual representation of the spectacles based on
the image and the three-dimensional location information;

determining a size of the virtual representation of the spectacles based on the
image and the three-dimensional location information; and

displaying, with a display of the electronic device, a combined image
including the image of the user and the virtual representation of the spectacles with

the determined size and the determined position.

2. The computer-implemented method of claim 1, wherein the size and
the position of the virtual representation of the spectacles are respectively determined
to accurately represent the size of the spectacles and the position of the spectacles in
the combined image, as the spectacles would appear if physically placed on the face

of the user.

3. The computer-implemented method of claim 2, wherein determining
the size comprises:

determining, using the three-dimensional location information, a physical size
of the face of the user;

determining, using the image and the determined physical size, a size of the
face of the user in image pixels;

determining a pixel size for each image pixel in the image using the
determined physical size and the size of the face of the user in image pixels; and

determining, based on a known size of the spectacles and the determined pixel

size, the size of the virtual representation of the spectacles.
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4, The computer-implemented method of claim 3, wherein determining
the position of the virtual representation of the spectacles comprises intersecting the
three-dimensional model of the spectacles with the three-dimensional location

information for the user.

5. The computer-implemented method of claim 4, wherein the
intersecting comprises performing at least one collision detection operation between
the three-dimensional model of the spectacles and the three-dimensional location

information for the user.

6. The computer-implemented method of claim 5, wherein performing
the at least one collision detection operation comprises iteratively performing a
plurality of collision detection operations between the three-dimensional model of the
spectacles and the three-dimensional location information for the user, at a

corresponding plurality of positions for the three-dimensional model of the spectacles.

7. The computer-implemented method of claim 6, wherein iteratively
performing the plurality of collision detection operations comprises iteratively

determining the plurality of positions using a binary search operation.

8. The computer-implemented method of claim 5, wherein the three-
dimensional location information for the user comprises at least one of: a plurality of
measurement point absolute three-dimensional locations, a three-dimensional model

of the user, and a plurality of facial landmark absolute locations.

9. The computer-implemented method of claim 8, wherein the sensor
comprises an additional camera, the method further comprising:

generating, with a light source of the electronic device, a plurality of light
beams, at least some of which are directed at the face of the user; and

capturing a second image using the additional camera, while the at least some

of the light beams are directed at the face of the user.
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10.  The computer-implemented method of claim 9, further comprising
determining the plurality of measurement point absolute three-dimensional locations
based on reflections of the at least some of the light beams in the captured second

image.

11.  The computer-implemented method of claim 1, wherein the sensor
comprises an additional camera, the method further comprising:

capturing an additional image of the user using the additional camera; and

generating the three-dimensional location information for the user based on a
known distance between the camera and the additional camera and a parallax effect

between the image and the additional image.

12. The computer-implemented method of claim 1, wherein the sensor
comprises at least one of a time-of-flight sensor, a laser range finder, a motion sensor,

a proximity sensor, a structured light sensor, and an additional camera.

13. A computer-implemented method, comprising:

capturing an image of a face of a user;

obtaining a three-dimensional model of the user at a time of capture of the
image;

obtaining a three-dimensional model of a pair of spectacles;

determining a size and a position for a virtual representation of the spectacles
based on the image, the three-dimensional model of the user at the time of capture of
the image, and the three-dimensional model of the pair of spectacles; and

displaying the virtual representation of the spectacles, with the determined size

and at the determined position, overlaid on the image of the face of the user.

14. The computer-implemented method of claim 13, wherein determining
the position of the virtual representation comprises performing a plurality of collision
detection operations between the three-dimensional model of the user and the three-
dimensional model of the pair of spectacles, with the three-dimensional model of the
pair of spectacles at a plurality of test positions in a facial coordinate system having

an origin at a facial landmark on the three-dimensional model of the user.
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15. The computer-implemented method of claim 14, wherein:

the origin of the facial coordinate system is at a sellion of the three-
dimensional model of the user at the time of capture of the image;

an x axis of the facial coordinate system extends between a left side and a right
side of the three-dimensional model of the user at the time of capture of the image,
where a positive x axis extends from the origin toward the left side of the three-
dimensional model of the user at the time of capture of the image;

a y axis of the facial coordinate system extends orthogonally to the x axis and
between a top and a bottom of the three-dimensional model of the user at the time of
capture of the image, where a positive y axis extends from the origin toward the top of
the three-dimensional model of the user at the time of capture of the image; and

a z axis extends orthogonally to the x axis and the y axis between a front and a
back of the three-dimensional model of the user at the time of capture of the image,
where a positive z axis extends from the origin toward the front of the three-

dimensional model of the user at the time of capture of the image.

16. The computer-implemented method of claim 15, wherein each of the
plurality of test positions in the facial coordinate system has a different y offset along

the y axis, a zero x offset along the x axis, and a common z offset along the z axis.

17. The computer-implemented method of claim 16, wherein the

spectacles include an acetate frame.

18. The computer-implemented method of claim 15, wherein each of the
plurality of test positions in the facial coordinate system has a different z offset along

the z axis, a zero x offset along the x axis, and a common y offset along the y axis.
19. The computer-implemented method of claim 18, wherein the

spectacles include metal frames having nose pads on adjustable arms that extend from

the metal frames.
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20.  The computer-implemented method of claim 14, wherein the plurality
of test positions include at least one test position at which the three-dimensional
model of the user at the time of capture of the image is not in contact with the three-
dimensional model of the pair of spectacles, and wherein determining the position of
the virtual representation comprises iteratively moving the test position toward the
origin of the facial coordinate system and performing the plurality of collision
detection operations until a first contact between the three-dimensional model of the
user at the time of capture of the image and the three-dimensional model of the pair of

spectacles is detected.

21.  The computer-implemented method of claim 13, further comprising

storing, at a server, three-dimensional models for a plurality of pairs of spectacles.

22, The computer-implemented method of claim 21, further comprising:

determining, based on the three-dimensional model of the user and the three-
dimensional model of the spectacles, that the spectacles are mis-sized for the user;

identifying a different one of the pairs of spectacles based on the three-
dimensional model of the user; and

providing a recommendation for the identified different one of the pairs of

spectacles.

23. A system, comprising:
a server having a database storing three-dimensional models for a plurality of
pairs of spectacles; and
a user device of a user, wherein the user device includes memory storing code
that, when executed by a processor of the user device, causes the processor to:
capture an image of a face of the user;
obtain a three-dimensional model of the user;
obtain, from the server, the three-dimensional model of a selected one

of the pairs of spectacles;
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determine a size and a position for a virtual representation of the
selected one of the pairs of spectacles based on the image, the three-
dimensional model of the user, and the three-dimensional model of the
selected one of the selected one of the pairs of spectacles; and

provide, for display, the virtual representation of the selected one of
the pairs of spectacles, with the determined size and at the determined

position, overlaid on the image of the face of the user.
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