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400 Z

Choosing Initial Population of Avatars
402

Evaluating Individual Fitness of Avatars
In Avatar Populations

Selecting Best-Fit Avatars For Reproduction

406

Creating New Avatars Through Genetic Operations
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Evaluating Fithess of New Avatars

Replacing Least Fit Avatars In Avatar Population
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412
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1
AUTOMATIC AVATAR CREATION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 8,692 ,830. Specifically, this

application is a divisional veissue application of U.S. patent

application Ser. No. 15/092,463, filed Apr. 6, 2016, which is
an application for reissue of U.S. Pat. No. 8,692,830, the

entive disclosures of which are incorporated herein by
reference for all purposes.

TECHNICAL FIELD

This disclosure relates generally to avatar creation for
computer systems and other devices.

BACKGROUND

Avatars are increasingly used 1n online social networking,
gaming, and other communications, typically as a surrogate
for an actual photograph of the user. Avatars ofler a measure
of privacy, while allowing the user to have control over their
online identity. Although users sometimes choose an avatar
that 1s unrelated to their physical appearance, 1t 1s often
desirable to have the avatar resemble the actual user.

There are several conventional tools for avatar creation
and editing. These conventional tools generally allow the
user to select from a palette of predefined avatar parts, and
in some cases to manually modify the position, shape, or
color of these parts. Using these conventional tools to create
an avatar that looks like the user can be a time-consuming
process that requires some degree of artistic skall.

SUMMARY

A three-dimensional (*3D”) avatar can be automatically
created that resembles the physical appearance of an indi-
vidual captured 1n one or more input images or video frames.
The avatar can be further customized by the individual 1n an
editing environment and used 1n various applications,
including but not limited to gaming, social networking and
video conferencing.

In some 1mplementations, a space of avatars 1s searched
to find an avatar that most closely approximates the appear-
ance of the individual in the input 1image. A genetic process
can be used to elliciently search the space, and thereby
estimate key parameters describing an avatar that resembles
the person 1n the input image. During the genetic process, an
individual “genome” can be evaluated by generating an
avatar according to parameter values in the individual
genome. In some implementations, the individual genome
parameterizes a 3D avatar model, which can be rendered on
a device using a graphics engine. The 3D model can include
an avatar head with adjustable widths at multiple elevations,
as well as several mesh models for hair, nose, eyes, mouth,
cars, glasses, mustache, etc. Each of these mesh models can
be scaled, positioned, and oriented under parametric control.
The 3D model can be constrained to keep the facial com-
ponents attached to the head, and 1n reasonable locations on
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the head. The 3D model also can include ambient and
directional light sources, and the ability to control the color
of the lighting and of the facial components. By rendering
the blank avatar head without features, and then applying the
facial components one at a time, binary masks can be
generated indicating the two dimensional extent of each
facial component.

The 1input 1image (s) (or video frame) of the individual can
be processed to produce binary masks and grayscale images
that are specific for the facial elements. An overall fitness
can be computed for each avatar 1n the avatar population by
comparing digital representations of rendered avatar facial
clements (e.g., binary masks) with digital representations
(e.g., binary masks, grayscale images) of facial elements of
the individual genome generated from the input image(s).

In some wmplementations, a computer implemented
method 1ncludes: receiving one or more digital images of an
individual; determining, 1n a computer, digital representa-
tions of facial elements of the individual from the one or
more digital images; searching a population of avatars using,
a genetic process, where the genetic process includes using
the computer to evaluate the overall fitness of the avatars
using a fitness function that compares the digital represen-
tations of the individual’s facial elements to digital repre-
sentations of corresponding avatar facial elements; and
selecting, or receiving a selection of, one or more avatars
from the population of avatars based on fitness values
associated with the avatars.

In some implementations, a system includes one or more
processors and a computer-readable storage medium
coupled to the one or more processors. The computer-
readable storage medium includes instructions. The one or
more processors execute the instructions to perform the
following operations: receiving one or more digital 1images
of an individual; determining, 1n a computer, digital repre-
sentations of facial elements of the individual from the one
or more digital images; searching a population of avatars
using a genetic process, where the genetic process includes
using the computer to evaluate the overall fitness of the
avatars using a fitness function that compares the digital
representations of the imdividual’s facial elements to digital
representations of corresponding avatar facial elements; and
selecting or receiving a selection of one or more avatars

from the population of avatars based on fitness values
associated with the avatars.

The details of one or more implementations of automatic
avatar creation are set forth in the accompanying drawings
and the description below. Other features, aspects, and
advantages of automatic avatar creation will become appar-
ent from the description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 illustrates an exemplary system for automatic
avatar creation using a genetic process.

FIG. 2 1s a flow diagram of an exemplary preprocessing
of mput 1images for automatic avatar creation.

FIG. 3 15 a flow diagram of an exemplary facial element
processing stage for automatic avatar creation.

FIG. 4 15 a tlow diagram of an exemplary genetic process
for automatic avatar creation.

FIG. 5 15 a block diagram of an exemplary device archi-
tecture for automatic avatar creation.

FIG. 6 1llustrates an example network operating environ-
ment for a device that automatically creates avatars.



US RE49.,044 E

3

FIG. 7 illustrates an exemplary user interface for an
automatic avatar generator.

DETAILED DESCRIPTION

Overview of Genetic Process

Genetic algorithms (GAs) are a class of search algorithms
well-suited for searching large spaces. GAs roughly mimic
the biological process of evolution to find an individual or
population of individuals with the highest possible fitness
for a given environment. Borrowing from biological termi-
nology, the set of parameters that defines an individual
solution 1s the genome, and each parameter 1s a gene.
Further, the collection of individuals currently being evalu-
ated 1s the population, and each iteration in the search 1is
referred to as a generation.

For example, an avatar genome might consist of 30 genes,
and the genetic process might maintain a population of 10
genomes at a given time. Starting with an 1nitial population
of randomly generated individuals, a GA can iterate over
hundreds of generations before converging on a final popu-
lation. To create a new population from an old population
(and so begin a new generation), the old population can be
sorted according to the fitness of the individuals. Next,
parents are selected from the population, with the probabil-
ity of being selected as a parent being proportional to the
individual’s fitness, the individual’s rank 1n the population,
or some other metric. The selected parents are grouped
(typically 1n pairs) to produce the children that make up the
new population. In some implementations, some number of
the best parents are added to this population and compete
with their children; this i1s called an elitist strategy, and
ensures that the maximal fitness value of the GA monotoni-
cally increases as a function of the generation. For example,
the best individual of each generation 1s as good or better
than the best individual of the previous generation. The GA
can iterate untill a maximum number of generations 1s
reached, or until some termination condition 1s satisfied.

Automatic Avatar Creation—QOverview

FIG. 1 1llustrates an exemplary system 100 for automatic
avatar creation using a genetic process. In some implemen-
tations, an mdividual genome can be evaluated by generat-
ing digital representations of avatar facial elements 118 from
an avatar population. The digital representations can include
a color avatar 1image, as well as binary masks for individual
facial elements. One or more input images 104 of an
individual can be captured by digital image capture device
(c.g., a digital camera, webcam, video camera). Image
processing 106 can be performed on the one or more input
images 104 to produce digital representations 108 of the
individual’s facial elements (e.g., binary masks and gray-
scale images). Some examples of facial elements include but
are not limited to: face (skin), eyebrows, eyes, nose, mouth,
chin, hair, bears, ears, etc.

The fitness of individual avatars can be evaluated using
fitness function 126, which compares digital representations
108 of an individual’s facial elements with digital represen-
tations 118 of corresponding avatar facial elements. The
comparison can be performed using two different logical
operations: a pixel-wise XOR operation and a pixel-wise
AND operation. The AND operation can be used for mea-
suring the alignment of edges of facial elements and the
XOR operation can be used for measuring the area of
non-overlap between digital representations 108 and digital
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representations 118. Fitness function 126 can be used to
retain high fitness oflspring in avatar population 122 by

replacing less {it avatars in avatar population 122 with new
avatars or oilspring. Genetic operations 114 (e.g., crossover,
mutation) can be used to generate new facial elements for
the avatar population. Avatar mask generator 116 can gen-
crate new digital representations 118 from the new facial
clements, which can be evaluated by fitness tunction 126.
The foregoing genetic process repeats until a termination
condition 1s met. When the termination condition 1s met, the
avatars 1n avatar population 122 can be ranked or sorted
according to their overall fitness as determined by fitness
function 126. One or more of the avatars can be selected for
presentation (e.g., as a grid display) to a user (e.g., the
individual) for manual selection 1n a computing environment

(e.g., 1n a game environment, chat session, avatar editor,
etc.)

First Stage Image Processing of Input Images

FIG. 2 1s a flow diagram of an exemplary preprocessing,
of input 1mages 104 for automatic avatar creation. Image
processing 106 can be divided 1nto two stages. In first stage
200, mmput image 104 can be preprocessed and resulting
output 1mages can be used by various facial element-specific
image processing modules 1n second stage 300, as described
in reference to FIG. 3. In some implementations, first stage
200 can include the following 1mage processing modules:
resizing 202, color space conversion 204, inverted square
root v channel (ISRY) 206, fine texture 208, cartoon texture
210 and face detection 212. All or some of the processing
modules 1n first stage 200 can be applied to input 1image 104
to prepare input image 104 for further processing in second
stage 300. Each of the processing modules 1n first stage 200
will now be discussed 1n turmn.

Resizing

Input 1mage 104 can be processed by resizing module
202, which can downsampled mmput image 104 to a lower
resolution. Downsampling improves the speed of subse-
quent processing in second stage 300. Additionally, 1n some
cases downsampling can also act as a lowpass anti-aliasing
filter on 1put 1mage 104.

Color Space Conversion

Input 1mage 104 can be processed by color space con-
version module 204, which can convert mput image 104
from a first color space to a second color space. For example,
converting input image 104 from Red, Green, Blue (RGB)
color space to Hue, Saturation, Value (HSV) color space
would allow hue to be operated by image processing mod-
ules 1n second stage 300.

Inverted Square Root Y Channel (ISRY)

Input 1mage 104 can be processed by ISRY module 206,
which converts input image 104 to an intensity channel of
Y'UV color space, followed by an operation 1-sqrt(Y),
which has the effect of boosting lower intensity signals. The
result 1s then inverted so that dark areas in input 1mage 104
are the brightest areas in a grayscale image.

Fine Texture

Fine texture module 208 performs several steps on input
image 104. First, homomorphic filtering 1s applied to
remove lower spatial frequencies (e.g., only vanations over
a few pixels are preserved). Next a standard deviation image
1s generated by replacing each pixel 1n input image 104 by
the square root of the average of the squared difference
between that pixel and the other 8 pixels adjacent to that
pixel. This resulting 1mage 1s bright only where there 1s fine
texture or detail.
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Cartoon lexture
Cartoon texture module 210 can perform a combined

downsample-upsample operation. The downsample opera-
tion use a conventional downsample process, and the
upsample can be a spline-based process. The resulting image
1s a cartoon eflect, where fine details are lost and the
sharpness of large edges 1s maintained.
Face Detection

Face detection module 212 determines an approximate
center, width and height of an individual’s face captured 1n

input 1mage 104 using a face detector process (e.g., Open
CV face detector).

Second Stage Processing of Input Images

FIG. 3 1s a flow diagram of an exemplary second stage
300 of image processing 106. In second stage 300, image
processing modules are applied to output 1images generated
in {irst stage 200 to produce digital representations of facial
clements of the individual genome (e.g., binary masks,
grayscale images). Each of the processing modules 1n sec-
ond stage 300 will now be discussed 1n turn.

Face Mask

Face mask module 302 can use a linear discriminant
analysis (LDA) classifier that 1s built from two sets of data:
(1) data from a rectangular region 1n the center of the 1mage,
and (2) data from the periphery of the image. For each pixel
of 1mage, an 1nput can be vector generated that contains
RGB and HSV values for that pixel. The H or hue value can
be rotated to avoid a discontinuity in the red range of the
color space. A second-order statistics of the vectors in the
two datasets can be used to determine a hyperplane, which
separates two classes: class-1 and class-2. The 1mage can
then be classified with this hyperplane to produce a binary
image where white pixels belong to class-1 and black pixels
belong to class-2. The white pixels or class-1 define the face
skin.

Evebrows Mask

Eyebrows mask module 304 can use the ISRY image
output from ISRY module 206 1n first stage 200 with two
edge detectors: one horizontal and one vertical. An output
image can be prepared, which can be black for pixels with
a horizontal edge value below a threshold tH, or vertical
edge value above another threshold tV. The remaining pixels
can have nonzero values given by

1 1
(1 +exp(w =@V —pV))) (1 + exp(—w # (tH — pH)))”

(1)

where pH and pV are the horizontal and vertical edge values
for the pixel, respectively.

Eves Mask

Eyes mask module 306 can use a weighted average of the
output 1image of ISRY module 206 of first stage 200 and
output 1mage cartoon texture module 210 of first stage 200.
The result can then processed as

max(0, p — k)
(1-k)

which reduces all intensities by k, and rescales to increase
the dynamic range, where p 1s a pixel value. Next, pixels
outside of a rectangular region around the eyes (roughly
determined from the output image of face detector module

10

15

20

25

30

35

40

45

50

55

60

65

6

212) can be set to black. This image can then be converted
to a binary 1image by applying a threshold at some fixed
percentage between minimum and maximum pixel values.
Nose Image

Nose module 308 can mask the horizontal edge detected
RGB 1mage to leave a rectangular region of nonzero pixels
around the tip of the nose, as determined from the output
image ol face detector module 212.

Mouth Mask

Mouth mask module 310 can use an the output image
from color space conversion module 204 to generate a
mouth mask. In some implementations, an HSV 1mage 1s
used with the H channel modified to produce large values for
colors near red. The modified H channel can be multiplied
with the S channel to produce a grayscale image, which can
be bright 1n regions that contain saturated colors near red.
This 1image can be multiplied with the horizontal edge
detector result on the RGB 1mage, masked to zero-out all but
a rectangular area around the mouth (e.g., as roughly deter-
mined by the output of face detector module 212) and then
thresholded to produce a binary image. A connected com-
ponents analysis can be performed on the binary image to
identify the largest contiguous collection of white pixels. A
morphological closing operation can be performed on the
binary image (e.g., dilation followed by erosion filters) to fill
n gaps.

Chin Image

Chin Image module 312 can mask the horizontal edge
detected RGB 1mage to leave a rectangular region of non-
zero pixels around the bottom of the chin (e.g., as deter-
mined from the output of face detector module 212). The
results can be masked further by a morphological closing of
the skin mask, leaving only edges that are within the skin
regions. The final grayscale image can be amplified by a gain
factor to increase contrast.

Hair Mask

Hair mask module 314 can use several output images
from first stage 200. The output image from cartoon texture
image module 210 can be thresholded to produce a binary
mask (Mask-A) for the hair regions using the output of the
face detector module 210 to isolate the head. The output
image from fine texture module 208 can be thresholded to
produce a binary mask (Mask-B) of all high-texture pixels.

The RGB image can be modified by converting the image
to Y'UV color space, replacing the Y channel with 0.6*sgrt
(Y), and then converting back to RGB colorspace. This
process increases the dynamic range of dark areas and
diminishes the overall intensity in the image, making color
more dominant. The alpha channel of this image can be
replaced by an output 1mage of cartoon texture module 210,
so that most areas are transparent, except for areas with
textures such as the hair and eyes. After completion of the
foregoing process, each pixel 1n the resulting image (Image-
A) now contains both color and texture information. Next,
the statistics of pixels 1n Image-A over the area in Mask-A,
and also compute the statistics for pixels in Mask-B. These
two sets of statistics can be combined to classify an Image-A
pixel as belonging to a hair-class or other-class.

A binary 1image can be produced for the hair-class pixels
(Mask-C). Mask-C can then be processed by a morphologi-
cal closing operation to {ill 1n gaps (Mask-D). Mask-D can
be used to generate an LDA classification (e.g., the mask
denotes the 1n-class pixels) using the same LDA classifier
design used for skin detection, described 1n reference to FIG.
2. The LDA classification can be refined by removing pixels
that are also classified as skin. A morphological opening
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operation can be used to remove 1solated pixels, and a
morphological closing operation can be used to fill in the
gaps (Mask-E).

Finally, a connected components analysis can be per-
tformed on Mask-E to retain a contiguous pixel group with
a shortest average distance to the centroid of Mask-D.
Mask-E can be combined via a logical OR operation with
Mask-D to produce the final desired mask.

Beard Mask

Beard mask module 316 can threshold the output image of
cartoon texture module 210, and a trapezoidal region around
the chun (e.g., determined by face detector module 212) 1s
retained.

Genetic Process—Overview

FI1G. 4 1s a flow diagram of an exemplary genetic process
400 for automatic avatar creation. In some implementations,
process 400 can be implemented by system 100 shown in
FIG. 1.

Referring to FIGS. 1 and 4, process 400 can begin by
choosing an initial population of avatars (402). The initial
population of avatars can be generated randomly. The avatar
population size can be selected to cover a desired compari-
son space. In some implementations, the avatar population
can be “seeded” with avatars that are selected to provide
optimal solutions.

After the mitial avatar population 1s created, the indi-
vidual fitness of each avatar 1n the 1mitial avatar population
1s evaluated (404). The evaluation can be accomplished
using a fitness function. For example, the fitness of 1ndi-
vidual avatars can be evaluated by comparing digital repre-
sentations of the individual’s facial elements from input
image(s) with digital representations of facial elements of
avatars in the avatar population. The comparison can be
performed using two different logical operations: a pixel-
wise XOR operation and a pixel-wise AND operation. The
AND operation can be used for measuring the alignment of
edges of facial elements and the XOR operation can be used
for measuring the area of non-overlap between the digital
representations. One or more pairs of best-fit avatars (based
on an overall fitness value obtained from the fitness func-
tion) can be selected for reproduction (406). New avatars
can be created through genetic operations (e.g., crossover,
mutation) on the pair(s) of avatars selected for reproduction
(408). Crossover 1nvolves randomly selecting a contiguous
group ol genes within the new genome, and replacing those
genes with the corresponding genes from one of the parents
genomes. In this way, a new genome can be constructed
from randomly chosen sections of the genomes of both
parents. Mutation of the newly created genome can be
performed by randomly selecting individual genes, and
randomly changing the value of those genes.

The individual fitness of the new avatars (oflspring) are
evaluated (410). The evaluation can be accomplished using
the same fitness function as used with the imitial avatar
population. A number of least fit avatars (based on a ranking
or sorting of overall fitness values) 1n the avatar population
can be replaced by the new avatars (412). The number of
replaced avatars can be a fixed number or fixed percentage
of the current avatar population. If a termination condition
1s met (414), a best matching avatar or set of avatars can be
selected from the current avatar population based on a
ranking or sorting of overall fitness values of the avatars in
the current avatar generation (416).

If the termination condition 1s not met (414), process 400
can return to step 404 and repeated from step 404 until the
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termination condition 1s met. Some examples of terminating
conditions include but are not limited to: (1) an avatar 1s

found that satisfies some mimimum criteria; (1) a fixed
number of generations 1s reached; (111) the highest ranking
avatar 1s reaching or has reached a plateau such that suc-
cessive iterations no longer produce better results; (1v)
manual inspection; or (v) combinations of the above.

In some implementations, process 400 can be run multiple
times on the same input image, and the avatar with the
highest overall fitness value can be selected. Alternatively,
the individual can be presented with a small selection of the
best avatars to choose from. For example, a grid of candidate
avatars can be displayed to the imndividual on a display of a
device (e.g., a personal computer, mobile phone, electronic
pad, etc.), and the individual can manually select the avatar
with the closest resemblance (e.g., using touch mput with a
finger or stylus).

Generating Individual Facial Flement Fitness
Values

As described above, the overall fitness of an individual
genome can be computed by comparing masks produced
from facial elements of avatars in the avatar population
against masks and images produced from input images
containing an image of an individual whose genome 1s being
matched to an avatar. As described below, this comparison
can be performed separately on various facial elements to
produce a fitness value (e.g., a value between 0 and 1) for
cach facial element.

Face Fitness Value

Avatar masks for face and ears can be added together and
a mask for the avatar hair can be subtracted from the result.
The resulting mask can be compared against the input face
mask (computed 1n second stage 300) using a pixel-wise
exclusive- or operation (XOR) to 1dentily regions in either
mask, which do not overlap the other mask. The resulting
XOR mask can be averaged to produce a scalar error value,
Creer Lhe face fitness can be computed as max (0,
1-24, . Crce)» Where g 1s a constant gain.

Evyebrow Fitness Value

The XOR of the eyebrows masks from the avatar and
from the input 1image can be averaged to produce a scalar
error value, &, ..., The eyebrow fitness value can be
computed as max(0, 1-g,,..4,0.," S 1S a constant gain.
Eves and Glasses Fitness Value

The avatar eyeglasses mask can be edge-detected to
produce a mask of just the frames. This mask can be added
to the avatar eyes mask, and the result XORed with the eyes
mask from the mput image. The XOR 1mage can be aver-
aged to produce a scalar error value, €_,,,. The eyes and
glasses {fitness value can be computed as max(0,
1-8, 05 Cores)» Where g 15 a constant gain.

Nose Fitness Value

The avatar nose mask can be edge-detected, and trimmed
to include only the lower portion; additional trimming
removes any area below the top of the avatar’s mouth or
above the bottom of the avatar’s glasses or eyes. The
trimmed nose mask can be compared with the nose 1mage
output from nose module 308 (which can be a grayscale
image) using a pixelwise multiplication (analogous to a
logical AND operation). The resulting 1mage can be aver-
aged over only the nonzero pixels to produce a scalar fitness
value.

Mouth Fitness Value
The XOR of the mouth masks from the avatar and from

the input 1mage can be averaged to produce a scalar error

evebrow
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value, € .. The mouth fitness value can be computed as
max(0, 1-g__ . *& ), whereg . 15 a constant gain.
Hair Fitness Value

The XOR of the hair masks from the avatar and the output
from hair module 314 can be averaged to produce a scalar
error value, €, .. The hair fitness value can be computed

as max(0, 1-g, . *&, ), where g, . 1s a constant gain.
Beard Fitness Value

The XOR of the beard masks from the avatar and the

output from beard module 316 can be averaged to produce
as scalar error value, €, .. The beard fitness value can be
computed as max(0, 1-g, *&, ., where g, . 15 a
constant gain.

Chin Fitness Value

The avatar face mask can be edge detected and trimmed
to retain only the chin area. As with the nose fitness, this
mask can be multiplied with the chin 1mage from the mput.
The product image 1s summed over only the nonzero pixels,
and divided by a constant fraction of the image width to
provide a normalization fitness value that does not penalize
larger chins.

Once the fitness values for the facial elements are com-
puted, an overall fitness of the genome can be computed as
a Tunction of the individual facial element fitness values.
Denoting the above individual facial element fitness values
as 1, an overall fitness function can be computed as:

(2)

f=) o,

where o, and v, are linear and geometric weights for each
tacial element fitness value, respectively, and 1 1s an 1index
into the facial elements. The overall fitness function (2) can
be used as fitness function 126 1n system 100, as described
in reference to FIG. 1.

Exemplary Device Architecture

FIG. 5§ 1s a block diagram of an exemplary device archi-
tecture 500 for automatic avatar creation. The architecture
500 1includes one or more processors or processing cores 502
(e.g., PowerPC®, Intel Pentium® or Duo Core, etc.), one or
more display devices 504 (e.g., CRI, LCD), a camera
interface 506 (e.g., USB), a network interface 508 (e.g.,
Ethernet), mput devices 510 (e.g., keyboard, mouse, efc.),
and one or more computer-readable mediums 512 (e.g.,
RAM, ROM, SDRAM, hard disk, optical disk, flash
memory, L1 and L2 cache, etc.). These components
exchange communications and data via one or more buses
514 (e.g., EISA, PCI, PCI Express, etc.). In some imple-
mentations, one or more displays can be touch sensitive
displays or surfaces responsive to multi-touch input (e.g.,
gesture nput).

The term “computer-readable medium” refers to any
medium that participates in providing instructions to a
processor 302 for execution, including without limitation,
non-volatile media (e.g., optical or magnetic disks) and
volatile media (e.g., memory).

The computer-readable medium 512 further includes
instructions, which when executed by processor(s) 502,
implements an operating system 516 (e.g., Mac OS®, Win-
dows®, Linux, etc.), a network communication module 518,
image processing modules 520, genetic processing modules
522 and one or more avatar environments 524. The operat-
ing system 316 can be multi-user, multiprocessing, multi-
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tasking, multithreading, real-time and the like. The operat-
ing system 516 performs basic tasks, including but not
limited to: recognizing input from input devices 510; send-
ing output to display devices 504; keeping track of files and
directories on computer-readable mediums 512 (e.g.,
memory or a storage device); controlling peripheral devices
(e.g., disk drives, printers, camera interface 506, etc.); and
managing traflic on the one or more buses 514. The network
communications module 518 includes various components
for establishing and mamtaiming network connections (e.g.,
software for implementing communication protocols, such
as TCP/IP, HI'TP, Ethernet, etc.). The image processing
modules 520 enables the features and processes described in
reference to FIGS. 2 and 3. The genetic processing modules
522 enables the features and processes described in refer-
ence to FIGS. 1 and 4. One or more avatar environments 524
can include an editing environment and/or an application,
including but not limited to gaming, social networking,
video conferencing or any other application where an avatar
can be used.

Exemplary Operating Environment

FIG. 6 illustrates an example network operating environ-
ment 600 for a device 610 that automatically creates avatars.
In some implementations, device 610 can communicate over
one or more wired and/or wireless networks 616. For
example, wireless network 602 (e.g., a cellular network) can
communicate with wide area network 604 (e.g., the Internet)
by use of gateway 606. Likewise, access point 608 (e.g., an
802.11 wireless access point) can provide communication
access to network 604. In some implementations, both voice
and data communications can be established over wireless
network 602 and access point 608. For example, device 610
can place and receirve phone calls (e.g., using VoIP proto-
cols), send and receive e-mail messages (e.g., using POP3
protocol), and retrieve electronic documents and/or streams,
such as web pages, photographs, and videos, over wireless
network 602, gateway 606, and network 604 (e¢.g., using
TCP/IP or UDP protocols). Likewise, device 610 can place
and receive phone calls, send and receive e-mail messages,
and retrieve electronic documents over access point 608 and
network 604. In some implementations, device 610 can be
physically connected to access point 608 using one or more
cables and access point 608 can be a personal computer. In
this configuration, device 610 can be referred to as a
“tethered” device.

Device 610 can also establish communications by other
means. For example, device 610 can commumicate with
other devices, e.g., other wireless devices, cell phones, etc.,
over wireless network 602. Likewise, device 610 can estab-
lish peer-to-peer communications, €.g., a personal area net-
work, by use of one or more communication subsystems,
such as a Bluetooth™ communication device. Other com-
munication protocols and topologies can also be imple-
mented.

Device 610 can communicate with one or more services
over the one or more wired and/or wireless networks 616.
For example, device can communicate with avatar creation
service 612, which can provide the features and process

described in reference to FIGS. 1-4. Another example ser-
vice can be an avatar environment service 614. Avatar
environment service can provide various environments
where an avatar can be used (e.g., an avatar editing envi-
ronment, a game center for online gaming).

Exemplary User Interface Worktlows

A user iterface can be used to grab visual data, monitor
the progress of the genetic process and display a resulting
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3D avatar model. In some implementations, a user interface
can be configured to capture live video to allow for a
progressive display of genetic process results. For example,
a real-time work tlow can include grabbing video mput and
running the genetic process iterations at the same time. The
successive video frames can be submitted to the genetic
process to refine the search for the best matching avatar
model.

In some implementations, an automatic avatar generator
application can be run on a device (e.g., a personal computer,
mobile phone) as a stand alone application or can be a
service (€.g., a library function) accessible through an Appli-
cation Programming Interface (API). An automatic avatar
generator can also be accessed through a network service,
where user interfaces are presented as web pages by a
remote server computer.

FIG. 7 illustrates an exemplary user interface 700 for an
automatic avatar generator. User interface 700 can include a
video preview window 702 for viewing live video captured
by a digital capture device (e.g., a web cam). A button 704
or other user iterface element can be used to trigger
automatic avatar generation. An results panel 706 can be
included for displaying candidate avatars that best match the
user’s physical appearance or genome.

In a real-time worktlow, video preview window 702 can
be augmented with the latest best 3D avatar model found by
the avatar generator. While checking the 3D avatar model
rendered over video preview window 702 with alpha trans-
parency, the user can make the head posture vary i the
successive frames submitted to the genetic process. To
improve the matching performed by the genetic process
fitness function, visual marker 708 can be inserted 1nto video
preview window 702. In a sequential worktlow, visual
marker 708 can constrain the user posture. For example, a
head guide can be used during the image capture step to
constrain the position of the user’s head while successive
images are captured during the genetic process. In a real-
time workilow, moving marker 710 can be 1included 1n video
preview window 702 for providing visual feedback to the
user about the facial elements that are currently being
cvaluated by the genetic process fitness function. For
example, a semi-transparent rectangle can be overlaid on the
user’s right eye to indicate that the right eye i1s currently
being processed by the fitness function of the genetic
process. When the eye processing 1s completed, the moving
marker 710 can be overlaid on the next facial element to be
processed (e.g., overlaid on the user’s mouth). Progress
indicator 712 (e.g., a bar) can visually indicate to the user the
progress of the genetic process.

In a sequential worktlow, a progress panel (not shown)
can replace video preview window 702 once the avatar
generation starts. If the mput 1s a picture or a set of pictures,
the picture or pictures can remain visible in the progress
panel until the genetic processes terminates. Intermediate
avatar results can appear as semi-fransparent 1mages over
cach picture. If the mput 1s a video sequence, the video
sequence can be played 1n a loop mode until the genetic
process terminates. During each loop, the 3D avatar model
obtained from a previous genetic process iteration can be
rendered over the video in accordance with the estimated
head view angle at each frame. The playback speed can be
adjusted automatically to match the average computation
time of one genetic process iteration.

In a real-time worktlow, the successive 3D avatar models
can be shown as transparent overlays over video preview
window 702, similar to the sequential worktlow for a video.
In the real-time workflow, however, the user can decide to
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stop the evaluation manually at any time 1if the 3D avatar
model looks satisfactory. For that purpose, the real-time
genetic process can have a “stop” button and an associated
keyboard shortcut.

Both sequential and real-time worktlows can generate
candidate avatar models that are presented 1n results panel
706. Alternatively, results panel 706 can replace video
preview window 702 once the video images have been
captured. Depending on the refinements of the genetic
process implementation, there can be one or more possible
candidate avatar models that best match the user’s physical
appearance for a given input image or video sequence. In the
case of a single best match, results panel 706 can contain the
avatar as a animated 3D model. Optionally, the avatar model
can be refined manually using an avatar editor interface,
such as the interfaces described in U.S. Provisional Patent
Application No. 61/321,840, for “Avatar Editing Environ-
ment,” filed Apr. 7, 2010.

If multiple candidate avatar models are produced by the
genetic process, the candidate avatar models (e.g., thumb-
nails of front-facing headshots) can be arranged on a gnd
layout in results panel 706. The user can then choose a
preferred candidate avatar model 1n results panel 706 by
clicking or touching on it. In some implementations, panel
706 can replace video preview window 702. In such an
implementation, a zoom animation can enlarge the selected
avatar model so that 1t occupies a large size version of the
results panel 706. The avatar editor can be entered auto-
matically upon selection of the candidate Avatar from results
panel 706, or by clicking or touching button 714.

The disclosed and other embodiments and the functional
operations described in this specification can be 1mple-
mented 1n digital electronic circuitry, or 1n computer soft-
ware, firmware, or hardware, including the structures dis-
closed 1n this specification and their structural equivalents,
or 1n combinations of one or more of them. The disclosed
and other embodiments can be implemented as one or more
computer program products, €.g., one or more modules of
computer program instructions encoded on a computer-
readable medium for execution by, or to control the opera-
tion of, data processing apparatus. The computer-readable
medium can be a machine-readable storage device, a
machine-readable storage substrate, a memory device, a
composition of matter effecting a machine-readable propa-
gated signal, or a combination of one or more them. The
term ““‘data processing apparatus” encompasses all apparatus,
devices, and machines for processing data, including by way
of example a programmable processor, a computer, or mul-
tiple processors or computers. The apparatus can include, in
addition to hardware, code that creates an execution envi-
ronment for the computer program in question, €.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. A propagated signal 1s
an artificially generated signal (e.g., a machine-generated
clectrical, optical, or electromagnetic signal), that 1s gener-
ated to encode information for transmission to suitable
receiver apparatus.

A computer program (also known as a program, software,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or
interpreted languages, and 1t can be deployed in any form,
including as a stand-alone program or as a module, compo-
nent, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily
correspond to a file 1n a file system. A program can be stored
in a portion of a file that holds other programs or data (e.g.,
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one or more scripts stored 1n a markup language document),
in a single file dedicated to the program in question, or 1n
multiple coordinated files (e.g., files that store one or more
modules, sub-programs, or portions of code).

The processes and logic flows described 1n this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on input data and generating,
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific itegrated cir-
cuit).

Processors suitable for the execution of a computer pro-
gram 1nclude, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive mstructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and
one or more memory devices for storing instructions and
data. Generally, a computer will also include, or be opera-
tively coupled to recerve data from or transfer data to, or
both, one or more mass storage devices for storing data, e.g.,
magnetic, magneto-optical disks, or optical disks. However,
a computer need not have such devices. Computer-readable
media suitable for storing computer program instructions
and data include all forms of non-volatile memory, media
and memory devices, including by way of example semi-
conductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated 1n, special purpose
logic circuitry.

To provide for interaction with a user, the disclosed
embodiments can be implemented on a computer having a
display device, e.g., a CRT (cathode ray tube), LCD (liqud
crystal display) monitor, touch sensitive device or display,
for displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the
user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory
teedback, or tactile feedback; and mput from the user can be
received 1n any form, mcluding acoustic, speech, or tactile
input.

While this specification contains many specifics, these
should not be construed as limitations on the scope of what
1s being claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments.
Certain features that are described 1n this specification 1n the
context of separate embodiments can also be implemented 1n
combination i a single embodiment. Conversely, various
teatures that are described 1n the context of a single embodi-
ment can also be implemented 1n multiple embodiments
separately or 1n any suitable subcombination. Moreover,
although features may be described above as acting 1n
certain combinations and even mitially claimed as such, one
or more features from a claimed combination can i1n some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

Similarly, while operations are depicted in the drawings 1n
a particular order, this should not be understand as requiring
that such operations be performed in the particular order
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shown or 1n sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components in the embodiments described above should not
be understood as requiring such separation 1n all embodi-
ments, and i1t should be understood that the described
program components and systems can generally be inte-
grated together 1n a single software product or packaged into
multiple software products.

The systems and techniques described here can be imple-
mented 1 a computing system that includes a back end
component (€.g., as a data server), or that includes a middle-
ware 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
systems and techniques described here), or any combination
of 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). Examples of communication net-
works include a local area network (“LAN"), a wide area
network (“WAN™), and the Internet.

The computing system 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.

Although a few implementations have been described 1n
detail above, other modifications are possible. For example,
the tlow diagrams depicted in the figures do not require the
particular order shown, or sequential order, to achieve
desirable results. In addition, other steps may be provided,
or steps may be eliminated, from the described flow dia-
grams, and other components may be added to, or removed
from, the described systems. Accordingly, various modifi-
cations may be made to the disclosed implementations and
still be within the scope of the following claims.

What 1s claimed 1s:

[1. A computer implemented method, comprising:

recerving one or more digital images of an individual;

determining, 1 a computer, digital representations of
facial elements of the individual from the one or more
digital 1mages;

searching a population of avatars using a genetic process,

where the genetic process mncludes using the computer
to evaluate the overall fitness of the avatars using a
fitness function that compares the digital representa-
tions of the individual’s facial elements to digital
representations of corresponding avatar facial ele-
ments; and

selecting or receiving a selection of one or more avatars

from the population of avatars based on fitness values
associated with the avatars;

wherein evaluating the overall fitness of the avatars using

a fitness function includes calculating fitness values for
individual facial elements of the avatars based on linear
and geometric weights corresponding to each of the
individual facial elements.]

[2. The method of claim 1, where determining digital
representations of facial elements of the individual, further
COmprises:

image processing the input images to i1dentity the indi-

vidual’s facial elements; and
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generating binary masks or images for the identified facial

elements.]

[3. The method of claim 1, where the digital representa-
tions of the corresponding avatar facial elements are binary
masks.]

[4. The method of claim 1, further comprising:

initializing the genetic process by randomly generating a

population of avatars having the facial elements.}

[5. The method of claim 1, further comprising:
initializing the genetic process by seeding the avatar
population with avatars having the facial elements.]

[6. The method of claim 1, where evaluating the overall
fitness of the avatars using a fitness function, further com-
prises: calculating the overall fitness values for the avatars
based on the individual fitness values.}

[7. The method of claim 6, where the overall fitness
function 1s given by

fzzm-f?f,

where ., and v, are linear and geometric weights for each
facial element fitness value {.", respectively, and 1 1s an
index into the facial elements.]

[8. The method of claim 1, where the facial elements are
from a group of facial elements including face, eyebrows,
eyes, nose, mouth, chin and hair.]

[9. The method of claim 1, further comprising:

preprocessing the input images using one or more of the

following processes: resizing, color space conversion,
inverted square root y channel, fine texture, cartoon
texture and face detection.]

[10. The method of claim 1, further comprising:

presenting the selected one or more avatars on a touch

sensitive display; and

receiving input from the touch sensitive display selecting

an avatar.]

[11. A system, comprising:

a processor; and

a computer-readable storage medium coupled to the pro-

cessor and including instructions, which, when
executed by the processor, causes the processor to
perform operations comprising:

receiving one or more digital images of an mdividual;

determining, in a computer, digital representations of

facial elements of the individual from the one or more
digital 1mages;

searching a population of avatars using a genetic process,

where the genetic process includes using the computer
to evaluate the overall fitness of the avatars using a
fitness function that compares the digital representa-
tions of the individual’s facial elements to digital
representations of corresponding avatar facial ele-
ments; and

selecting or receiving a selection of one or more avatars

from the population of avatars based on fitness values
assoclated with the avatars;

wherein evaluating the overall fitness of the avatars using

a fitness function includes calculating fitness values for
individual facial elements of the avatars based on linear
and geometric weights corresponding to each of the
individual facial elements.]

[12. The system of claim 11, where determining digital
representations of facial elements of the individual, further
COmMprises:
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image processing the mput images to identily the indi-

vidual’s facial elements; and

generating binary masks or images for the identified facial

elements.]

[13. The system of claim 11, where the digital represen-
tations of the corresponding avatar facial elements are
binary masks.}

[14. The system of claim 11, where evaluating the overall
fitness of the avatars using a fitness function, further com-
prises: calculating the overall fitness values for the avatars
based on the individual fitness values.}

[15. The system of claim 11, further comprising:

preprocessing the mput images using one or more of the

following processes: resizing, color space conversion,
inverted square root y channel, fine texture, cartoon
texture and face detection.}

[16. The system of claim 11, further comprising:

presenting the selected one or more avatars on a touch

sensitive display; and

recetving input from the touch sensitive display selecting

an avatar.]

[17. A non-transitory computer-readable storage medium
having instructions stored thereon, which, when executed by
one or more processors, causes the one or more processors
to perform operations comprising:

recerving one or more digital images of an individual;

determiming, 1n a computer, digital representations of

facial elements of the individual from the one or more
digital images;

searching a population of avatars using a genetic process,

where the genetic process mncludes using the computer
to evaluate the overall fitness of the avatars using a
fitness function that compares the digital representa-
tions of the individual’s facial elements to digital
representations of corresponding avatar facial ele-
ments; and

selecting or recerving a selection of one or more avatars

from the population of avatars based on fitness values
associated with the avatars;

wherein evaluating the overall fitness of the avatars using

a fitness function includes calculating fitness values for
individual facial elements of the avatars based on linear
and geometric weights corresponding to each of the
individual facial elements.]

[18. The non-transitory computer-readable storage
medium of claim 17, where determining digital representa-
tions of facial elements of the individual, further comprises:

image processing the input images to i1dentity the indi-

vidual’s facial elements; and

generating binary masks or images for the identified facial

elements.]

[19. The non-transitory computer-readable storage
medium of claim 17, where the digital representations of the
corresponding avatar facial elements are binary masks.]

[20. The non-transitory computer-readable storage
medium of claim 17, where evaluating the overall fitness of
the avatars using a fitness function, further comprises:
calculating the overall fitness values for the avatars based on
the individual fitness values.]

21. A method, comprising:

at an electronic device with a display, a camera, and one

or more input devices:

displaving, on the display, a first user interface that
provides information about genervation, by the elec-
tronic device, of an avatar of a user of the electronic
device;
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while displaying the first user interface, veceiving, via
the one or movre input devices, a request to initiate
the generation of the avatar based on a digital
representation of the user of the electronic device
that is being captured by the camera of the electronic
device;
in vesponse to rveceiving the request to initiate the
generation of the avatar, while capturing the digital
representation of the user, displaying, on the display,
a second user interface that includes:
the digital representation of the user as it is being
captured by the camera of the electronic device,
and
a visual indication of a current status of evaluating
the digital vepresentation of the user of the elec-
tronic device that is being capturved by the camera
of the electronic device, wherein:
the visual indication is overlaid on the digital
representation of the user as the digital repre-
sentation of the user is being evaluated, and
the visual indication moves from being overlaid on
a first portion of the digital representation of the
user corrvesponding to a first facial element to
being overlaid on a second portion, different
from the first portion, of the digital representa-
tion of the user corresponding to a second facial
element, different from the first facial element,
as the digital vepresentation of the user is being
evaluated;
after displaving the second user interface, displaying,
on the display, a first proposed avatar based on the
digital vepresentation of the user; and
while displaying the first proposed avatar, providing
the user with options for customizing the first pro-
posed avatar.
22. The method of claim 21, further comprising:
after displaving the second user interface, concurrently
displaying, on the display, the first proposed avatar and
a second proposed avatar based on the digital repre-
sentation of the user.
23. The method of claim 22, further comprising:
while concurrently displaying the first proposed avatar
and the second proposed avatar on the display, receiv-
ing, via the omne or more input devices, an input
corresponding to a selection of a rvespective proposed
avatar of the first and second proposed avatars,; and
in response to rveceiving the input, entering a manual

editing mode on the electronic device for manually
editing the rvespective proposed avatar.

24. The method of claim 21, wherein displaying the
second user interface includes displaving dynamic feedback
for guiding a position of the user that will improve an
accuracy of the avatar that is being generated by the
electronic device, and the feedback for guiding the position
of the user comprises feedback for constraining the position
of the user.

25. The method of claim 24, wherein the feedback for
constraining the position of the usev comprises feedback for
constraining a position of the user’s head while the camera
captures successive images of the user.

26. The method of claim 21, further comprising:

while displaying the first proposed avatar on the display,

receiving, via the one or more input devices, a touch
input from the user with vespect to the first proposed
avatar; and
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in response to receiving the touch input, performing a
corresponding action on the electronic device with
respect to the first proposed avatar.

27. The method of claim 26, wherein the touch input with
respect to the first proposed avatar comprises touching of
the first proposed avatar on the display.

28. The method of claim 26, wherein the corresponding
action comprises changing a display characteristic of the

fivst proposed avatar on the display.

29. The method of claim 28, wherein changing the display
characteristic of the first proposed avatar on the display
comprises enlarging the first proposed avatar on the display.

30. The method of claim 21, wherein the visual indication
of the current status indicates a respective portion of the
user currvently being evaluated.

31. The method of claim 21, wherein the second user
interface includes a latest candidate avatar of the user,
overlaid on the digital vepresentation of the user as it is
being captured by the camera, based on a current progress
of the evaluation of the digital representation of the user.

32. A non-transitory computer-readable medium storing
instructions, which when executed by one or more proces-
sors of an electronic device with a display, a camera, and
one or move input devices, cause the one ov more processors
to perform a method comprising:

displayving, on the display, a first user interface that

provides information about generation, by the elec-
tronic device, of an avatar of a user of the electronic
device;

while displaving the first user interface, receiving, via the

one or more input devices, a request to initiate the
generation of the avatar based on a digital represen-
tation of the user of the electronic device that is being
captured by the camera of the electronic device;

in response to receiving the request to initiate the gen-

eration of the avatar, while capturing the digital vep-
resentation of the user, displayving, on the display, a
second user interface that includes.:
the digital vepresentation of the user as it is being
captured by the camera of the electronic device, and
a visual indication of a current status of evaluating the
digital representation of the user of the electronic
device that is being captured by the camera of the
electronic device, wherein:
the visual indication is overlaid on the digital vep-
resentation of the user as the digital vepresenta-
tion of the user is being evaluated, and
the visual indication moves from being overlaid on a
first portion of the digital vepresentation of the
user corresponding to a first facial element to
being overlaid on a second portion, different from
the first portion, of the digital representation of the
user corresponding to a second facial element,
different from the first facial element, as the digital
representation of the user is being evaluated;
after displaving the second user interface, displaying, on
the display, a first proposed avatar based on the digital
representation of the user; and
while displaying the first proposed avatar, providing the
user with options for customizing the first proposed
avalar.

33. The non-tramsitory computer-readable medium of
claim 32, the method further comprising:

after displaying the second user interface, concurrently

displaving, on the display, the first proposed avatar and
a second proposed avatar based on the digital repre-
sentation of the user.
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34. The non-transitory computer-readable medium of
claim 33, the method further comprising:
while concurvently displaying the first proposed avatar
and the second proposed avatar on the display, receiv-
ing, via the ome or more input devices, an input 35
corresponding to a selection of a rvespective proposed
avatar of the first and second proposed avatars,; and

in response to rveceiving the input, entering a manual
editing mode on the electronic device for manually
editing the rvespective proposed avatar.

35. The non-transitory computer-readable medium of
claim 32, wherein displaving the second user interface
includes displayving dynamic feedback for guiding a position
of the user that will improve an accuracy of the avatar that
is being generated by the electronic device, and the feedback 15
for guiding the position of the user comprises feedback for
constraining the position of the user.

36. The non-transitory computer-readable medium of
claim 35, wherein the feedback for constraining the position
of the user comprises feedback for constraining a position of 20
the user’s head while the camera captures successive images
of the user.

37. The non-transitory computer-readable medium of
claim 32, the method further comprising:

while displaying the first proposed avatar on the display, 25

receiving, via the one ov more input devices, a touch
input from the user with respect to the first proposed
avatar; and

in response to receiving the touch input, performing a

corresponding action on the electronic device with 30
respect to the first proposed avatar.

38. The non-transitory computer-readable medium of
claim 37, whervein the touch input with vespect to the first
proposed avatar comprises touching of the first proposed
avatar on the display.

39. The non-transitory computer-readable medium of
claim 37, wherein the corresponding action comprises
changing a display characteristic of the first proposed
avatar on the display.

40. The non-transitory computer-readable medium of 40
claim 39, wherein changing the display characteristic of the
first proposed avatar on the display comprises enlarging the
first proposed avatar on the display.

41. The non-transitory computer-readable medium of
claim 32, wherein the visual indication of the current status 45
indicates a respective portion of the user currvently being
evaluated.

42. The non-transitory computer-readable medium of
claim 32, wherein the second user interface includes a latest
candidate avatar of the user, overlaid on the digital repre-
sentation of the user as it is being captuved by the camera,
based on a curvent progress of the evaluation of the digital
representation of the user.

43. An electronic device comprising:

one or more processors;

a display;

a camera;

one orv more input devices; and

memory stoving instructions, which when executed by the

Oone or more processors, cause the one or more pro-
cessors to perform a method comprising:

displaving, on the display, a first user interface that

provides information about generation, by the elec-
tronic device, of an avatar of a user of the electronic
device;

while displaying the first user interface, veceiving, via the

one or movre input devices, a request to initiate the

10

35

50

55

60

65

20

generation of the avatar based on a digital represen-
tation of the user of the electronic device that is being
captured by the camera of the electronic device;

in response to receiving the request to initiate the gen-

eration of the avatar, while capturing the digital vep-
resentation of the user, displayving, on the display, a
second user interface that includes.:
the digital rvepresentation of the user as it is being
captured by the camera of the electronic device, and
a visual indication of a current status of evaluating the
digital representation of the user of the electronic
device that is being captured by the camera of the
electronic device, wherein:
the visual indication is overlaid on the digital vep-
vesentation of the user as the digital representa-
tion of the user is being evaluated, and
the visual indication moves from being overlaid on a
first portion of the digital vepresentation of the
user corresponding to a first facial element to
being overlaid on a second portion, diffevent from
the first portion, of the digital representation of the
user corresponding to a second facial element,
different from the first facial element, as the digital
representation of the user is being evaluated;
after displaving the second user interface, displaying, on
the display, a first proposed avatar based on the digital
representation of the user; and
while displaying the first proposed avatar, providing the
user with options for customizing the first proposed
avalar.

44. The electronic device of claim 43, the method further
COmprising:

after displaying the second user interface, concurrently

displaving, on the display, the first proposed avatar and
a second proposed avatar based on the digital repre-
sentation of the user.
45. The electronic device of claim 44, the method further
COmprising.
while concurrently displaving the first proposed avatar
and the second proposed avatar on the display, receiv-
ing, via the omne or more input devices, an input
corresponding to a selection of a respective proposed
avatar of the first and second proposed avatars; and

in response to receiving the input, entering a manual
editing mode on the electronic device for manually
editing the rvespective proposed avatar.

46. The electronic device of claim 43, wherein displaving
the second user interface includes displaying dynamic feed-
back for guiding a position of the user that will improve an
accuracy of the avatar that is being generated by the
electronic device, and the feedback for guiding the position
of the user comprises feedback for constraining the position
of the user.

47. The electronic device of claim 46, wherein the feed-
back for constraining the position of the user comprises
feedback for constraining a position of the user’s head while
the camera captures successive images of the user.

48. The electronic device of claim 43, the method further
COmMprising:

while displayving the first proposed avatar on the display,

receiving, via the one or more input devices, a touch
input from the user with vespect to the first proposed
avatar; and

in vespomnse to receiving the touch input, performing a

corresponding action on the electronic device with
respect to the first proposed avatar.
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49. The electronic device of claim 48, wherein the touch
input with respect to the first proposed avatar comprises
touching of the first proposed avatar on the display.

50. The electronic device of claim 48, wherein the corre-
sponding action comprises changing a display characteris-
tic of the first proposed avatar on the display.

51. The electronic device of claim 50, whervein changing
the display characteristic of the first proposed avatar on the
display comprises enlarging the first proposed avatar on the
display.

52. The electronic device of claim 43, wherein the visual
indication of the curvent status indicates a vespective portion
of the user currently being evaluated.

53. The electronic device of claim 43, wherein the second
user interface includes a latest candidate avatar of the user,
overlaid on the digital representation of the user as it is
being captured by the camera, based on a current progress
of the evaluation of the digital representation of the user.
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