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tified for the plurality of blendshapes, and it may be determined that the

the error function. The plurality of blendshapes may then be applied to a
second subject to generate a new animation.
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IMAGE REGULARIZATION AND RETARGETING S5YSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
{00011  The present patent application claims the priority benefit of New Zealand patent
application number 711,968, filed September 07, 2015, entitled "IMAGE REGULARISATION
OR INTERPRETATION SYSTEM,” the discdosure of which is incorporated herein by

reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention
[6002] The present invention relates generally to computer-generated graphics, and

more specifically to the generation of 3D characters for use in animation.

2. Description of Related Art

[0003]  Three-dimensional animation using computer-generated images ("CGI”) has
evolved to take advantage of increased computing power, but still presents serious
challenges in the creation of realistic depictions of complex geomelries. The prior art
methods and systemis for modeling virtual surfaces have a limited ability to accurately
model complex or subtle forms such as human faces. As such, resulting animations are often
limited in their effectivencss and ability to convey emwotion, natural movement, or other
appropriate effects. Part of the challenge in producing convincing animations is that the
human brain is extremely sensitive at recognizing and reading emotions based on a variety
of different subtle shifis in facial and body language. As a result, even slight deviations from
normal movement patterns can lead to a strong sense of unfamiliarity that detracts from the
realism of the user experience.

{6004] Performance-driven facial animation has been industry-standard for creating
realistic animation of human and/or creature faces. In some approaches, the process involves
capturing and tracking actors’ performances using either 2-D or 3-D cameras, and in
retargeting an existing blendshape rig onto these performances. Such fechnigques can create
realistic facial animations through performance-driven approaches where an actor’s

criormance is transferred onto a target (e.¢., virtual) character animation. This process
& ;
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typically consists of four stages: (1} performance capturing; (2) tracking; (3} retargeting; and
{4) animation deanup.

[0005] During animation cleanup, an artist removes noise in animation curves by, for
example, applying smoothing filters, low-pass filters, and sometimes by fitting mdividual
curves to smooth parameterized functions. Animation cleanup can be a time-consuming and
iterative process, and can require a lot of user experience to achieve satisfactory results.
Some animation systems employ a large number of markers to improve performance, such

as described in U.5. Patent No. 8,842,933, which is incorporated herein by reference.

SUMMARY OF THE CLAIMED INVENTION

[0006] The following presents a simplified stommary of one or more embodiments in
order to provide a basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended to neither identify
key or critical elements of all embodiments nor delincate the scope of any or all
embodiments. Hs sole purpose is to present some concepts of one or more embodiments in a
simplified form as a prelude to the more detailed description that is presented later.

{66071 The disdosed subject matter relates to a computer-implemented method for
image retargeting. Such a method may include steps for acquiring motion capture data
based on a plurality of markers disposed on a surface of a first subject, associating each of
the markers with a respective location on the first subject, and calculating a plurality of
blendshapes for the motion capture data where cach of the plurality of blendshapes is based
on a configuration of the markers. In some embodiments, the method can further incude
steps for identifying an error function for the plurality of blendshapes and determining if the
plurality of blendshapes can be used to retarget a second subject based on the error function.
{6008] Other embodiments of the disclosed subject matter relate to an image retargeting
systern. Such an image retargeting system may include at least one processor and a memory
device storing instructions executable by the at least one processor to cause the image
retargeting system to acquire motion capture data regarding a first subject where the motion
capture data is based on a plurality of markers disposed on a surface of the first subject,

associate each of the markers with a respective location on the first subject, and calculate a
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plurality of blendshapes for the motion capture data where ecach of the plurality of
blendshapes is based on a configuration of the markers. In some aspects, the processors can
be further configured to perform operations to identify an error function for each of the
plurality of blendshapes and determine if the plurality of blendshapes can be used to
vetarget a second subject based on the error function.

{000%9]  In yet another aspect, the discdlosed subject matter relates to a computer-readable
storage mediumm storing execuiable instructions for performing a method of image
retargeting as discussed herein.

[0010] It is an object of the present invention fo at least provide the public or industry
with a usefui choice in image refargeting.

{0111 In a further aspect the present invent consists in a method for retargeting from an
fimage or sequence of images, the method comprising the step of evaluating an error
tunction, the error function comprising a weighted combination of a plurality of shape
primifives, wherein at least one of the plurality of shape primitives is based on a
physiological characteristic of a subject of the image.

{0012]  Preferably the method further comprising the steps of: obtaining a body surface
using marker points from the body surface of a subject of the image; and generating a
representation of the body surface by reference to a group of known body surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiological
based energy equation.

{B013] Preferably further comprising the step of adjusiing the value of the energy
equation towards a target value.

[0014]  Preferably further comprising the step of adjusting the value of the error function
towards a target value.

{00151  Preferably the method retargets from the image to an animation.

{0016]  Preferably associating the shape primitives to a target animation; wherein at least
one of the plurality of shape primitives is associated with the target animation.

{60171 Preferably the retargeting is for use in animation of a body or part thereof.

{0018] Preferably the retargeting is for use in facial animation.

[06019] Preferably regularizaiion is used for retargeting animation.

[
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{0020] Preferably the physioclogical characteristic is a muscle or collection of muscles.
[0021]  Preferably the physiological characteristic is an observable feature of the image,
animation and/or sequence of images.

{60221  Preferably the weighting of at least one of the plurality of shape primitives is
based on a probability of activation of the shape primitive.

{0023]  Preferably the weighting of a plurality of the shape primitives is based on their
relative probability of activation.

{06024 Preferably the weighted combination has a control factor.

[0025] Preferably the method comprises the step of solving the error function with a
non-linear solver.

{0026]  Preferably the shape primitives are basis shapes or action units.

{6027] Preterably the weights are adjusted to depend on a previous animation.

{0028]  Preferably the weights comprise an activation threshold which restricts activation.
{60291 Preferably the aclivation threshold is based, in part, on prior action of the
activation.

{60301 Preferably the weights are adjusted o have a temporal dependence.

{0031] Preferably the method includes the step of updating the temporal dependence of
one or more of the plurality of weights.

[0032] Preferably the temporal dependence is expressed as a response curve or equation.
[0033] Preferably the temporal dependence comprises a resiricted rate of change of the
shape primitives.

{0034]  Preferably the rate of change is calculated from experimental data.

{B035] Preferably the temporal dependence comprises a difference between the
proposed weight and the running average of a weight.

[0036] Preferably the image is one of a plurality from a motion capture.

{60371 Preferably the image includes a human or a portion of a human.

{6038] Preferably the image includes a human face.

{803%]  Preferably the shape primitives are blendshapes.

{00401  Inafurther aspect the present invent consists in a method for retargeting from an
image or a sequence of images, the method comprising the step of evaluating an error

function, the error function comprising a weighted combination of a plurality of shape
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primitives; wherein at least one of the weighted combinations comprises a non-linear
combination of a plurality of shape primitives.

[0041] Preferably the method further comprising the steps of: obtaining a body surface
using marker points from the body surface of a subject of the image; and generating a
representation of the body surface by reference o a group of known body surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiclogical
based energy equation.

[0042] Preferably further comprising the step of substantially optimizing the value of
the energy equatiorn.

{0043]  Preferably further comprising the step of substantially optimizing the value of
the error function.

{0044 Preferably further comprising the step of adjusting the value of the exror function
towards a target value.

[0045] Preferably the non-linear combination uses an algebraic expansion of the
weighted combination function.

[0046]  Preferably the expansion is a Taylor expansion.

{60471 Preferably the non-linear combination uses HDMR shape primitives.

[0048] Preferably a covariance between shape primitives is stored or calculated in the
model and at least one pair or set of opposing action units are defined as having
substandially zero covariance.

{0048]  Preferably the shape primitives are blendshapes.

{B050]  In a further aspect the present invent consists in a system for retargeting from an
image or sequence of images, the system comprising: at least one image capture device, the
at least one image capturing device capturing an image or a sequence of images; a processor
prograromed to track a plurality of markers in the captured image or sequence of images
and programmed to determining a corresponding plurality of shape primitives, wherein the
processor is programuned to evaluate an error function, the error function comprising a
weighted combination of a plurality of shape primitives, at least one of the plurality of shape
primitives based on a physiological characteristic of the animation and the processor is

further progranumned to transmit the shape primitives o an animation generator.
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{0051]  Preferably the processor is further programmed to: obtaining a body surface
using marker points from the body surface of a subject of the image; and generating a
representation of the body surface by reference to a group of known body surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiological
based energy equation.

{B052] Preferably the processor is further programumed to substantially optimize the
value of the energy equation.

[0053] Preferably the shape primitives are blendshapes.

[0054]  In a further aspect the present invent consists in a method of retargeting from an
image to an animation, the method comprising the steps of: obtaining a body surface using
marker points from the body surface; and generating a representation of the body surface by
reference to a group of known body surface positions; wherein the representation is
obtained by applying a weight to at least one of the plurality of known body surface
positions, wherein the representation is generated from a physiological based energy
equation.

{B055] Preferably the method substantially optimizes the value of the energy equation.
{0056] Preferably the method adjusts the value of the energy equation towards a target
value.

[0057] Preferably the body surface positions are shape primitives or FACS.

[06058] Preferably the body surface comprises a fadial surface.

[B058]  Preferably the marker poinis comprise key poinis of the body surface.

{6060] Preferably the marker points are markerless.

[0061] Preferably the energy equation is a weighted combination of body shape
postitions.

{60621 In a further aspect the present inveni consists in a method of providing
animation to a target model from a base model, the method comprising the steps of:
receiving a motion sequence of a base model; associating the motion sequence of the base
model with one or more corresponding action units from of a plurality of action units; and
determining a fransformation for morphing the target model to replicate or reproduce the

motion sequence of the base model or a portion thereof, wherein the association comprises
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evaluation of an error function comprising a weighted combination of action units and
wherein each action unit is based on a physiological characterization of the base model.
[0063] In a further aspect the present invent consists in a method for identifying
expressions associated fo emotion in an image ot sequence of images, the method
comprising the steps of: identifying a plurality of shape primitives associated with at least
one face assodlated with the image or sequence of images; evaluating an error function, the
ervor function comprising a weighted combination of the plurality of shape primitives; and
relating at least one of the plurality of shape primitives to at least one of a plurality of
expressions the plurality of expressions being associated with an emotion or a combination
of emotions.

{0064]  Preferably the method further comprising the steps of: obtaining a face surface
using marker points from the face surface associated with the image; and generating a
representation of the face surface by reference to a group of known face surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiological
based energy equation.

{B065] Preferably further comprising the step of substantially optimizing the value of
the encrgy equation.

[0066]  Preferably further comprising the step of substantially optimizing the value of
the error function.

{60671 Preferably the shape primitives comprise emotion action units.

[B068]  Preferably the shape primitives comprise FACs.

[0069]  Preferably the method further comprises the step of identifying the at least one
face.

[0070] Preferably the face is identified using facial fidudal points.

{60711  Preferably the shape primitives are blendshapes.

{B072] In a further aspect the present invent consists in a method for identifying subject
characteristics in an image or sequence of images, the method comprising the steps of:
identifying a plurality of shape primitives associated with a subject of the image; evaluating

an error function, the error function comprising a weighted combination of the plurality of
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shape primitives; and relating at least one of the plurality of shape primitives to a subject
characteristic.

[0073] Preferably the method further comprising the steps of: obtaining a body surface
using marker points from the body surface of the subject of the image; and generaling a
representation of the body surface by reference o a group of known body surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiclogical
based energy equation.

[0074] Preferably further comprising the steps of substantially optimizing the value of
the energy equatiorn.

{0075] Preferably further comprising the steps of optimizing the value of the error
function.

{0076] Preferably further comprising the steps of substantially minimizing the error
function.

[0077] Preferably at least one of the plurality of shape primitives is based on a
physiclogical characteristic of the subject of the image.

[B078]  Preferably the subject characteristics comprise expressions.

{G6079] Preferably the expressions are associated with, or indicative of, emotion.

[008G] Preferably including the step of identifying features on the image.

[0081]  Preferably the features are associated with shape primitives.

{60821  Preferably further induding the step of associating the shape primitives with a
set of characteristics.

{B083]  Preferably associating the shape primitives with a set of characteristics uses a
look-up table.

[0084]  Alternatively associating the shape primitives with a set of characteristics
mrinirizes an error function conprising a weighted combination of emotions.

{G085] Pretferably the error function comprises a combination of error functions.

{0086] Preferably the pluralify of error functions relate to physiological characteristics.
[06087] Preferably the shape primitives are blendshapes.

[0088]  In a further aspect the present invent consists in a method of retargeting from an

image or sequence of images, the method comprising the step of evaluating an ervor
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function, the error function comprising at least one term assoctated with a physiological
characteristic of the subject of the image or sequence of images.

[0089] Preferably the method further comprising the steps of: obtaining a body surface
using marker points from the body surface of the subject of the image; and generaling a
representation of the body surface by reference o a group of known body surface positions;
wherein the representation is obtained by applying a weight to at least one of the plurality of
known body surface positions, wherein the representation is generated from a physiclogical
based energy equation.

[009G] Preferably further comprising the step of substantially optimizing the value of
the energy equatiorn.

{0091]  Preferably further comprising the step of optimizing the value of the error
function.

{0092]  Preferably further comprising the step of adjusting the value of the ervor function
towards a target value.

[0093]  ltis 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. The subject technology is capable of other and different configurations and its
several details are capable of modification in various respects without departing from the
scope of the subject technology. Accordingly, the detailed description and drawings are to
be regarded as ilustrative and not restriclive in nature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094]  Certain features of the subject technology are set forth in the appended claims.
However, the accompanying drawings, which are included to provide further
understanding, illustrate disclosed aspects and together with the description serve to
explain the principles of the subject technology. In the drawings:

[0095] FIG. 1A s a flow diagram of an exemplary process for retargeting an image.
[0096]  FIG. 1B is a flow diagram of an exemplary process for minimizing etror for one
or more blendshapes.

[0097] FIC. 2 is a simplified block diagram of an exemiplary animation system that may

be used to implement image refargeting.
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{0098]  FIG. 3A illustrates a side-by-side comparison of a marker-less image of a physical
subject with an exemplary image of the same physical subject upon which markers have
been distributed.

{60991  FIG. 3B illustrates several examples of image retargeting between a physical
subject who has performed different motions and a virtual subject retargeted in accordance
with each of the different motions.

[00106]  FIG. 4 illustrates an exemplary electronic system with which some aspects of the

subject technology can be implemented.

10
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DETAILED DESCRIPTION

{00101} The detailed description set forth below is intended as a description of various
configurations of the subject technology and is not intended to represent the only
configurations in which the technology can be practiced. The appended drawings are
incorporated herein and constitute a part of the detailed desaription. The detailed
description includes specific details for the purpose of providing a more thorough
understanding of the fechnology. However, it will be clear and apparent that the technology
is not limited to the specific details set forth herein and may be practiced without some of
these details. In some instances, structures and components are shown in blodk diagram
form in order to avoid obscuring certain concepts of the technology.
{00102] Blendshape rigs are commonly-used animation systems that provide various
degrees of user customization. For example, specific art styles, creatures with different
anatomies {such as high-resolution wrinkles and/or folds) can be incorporated into a
blendshape rig. Moreover, blendshape rigs can be readily transferred other animation types,
such as skeleton or cluster-based facial system (e.g.. for condemporary game engines and
rendering environments). As used herein, a blendshape model B can be defined as the
weighted sum of predefined blendshape primitives (shape primitives} By, having a
relationship indicated by equation {1):
Blwi =B+ inﬁ — B} @

=t
[00103]  where Bois a resting shape (e.g., a neutral face or expression), N is the number of
non-resting shape primitives, and wi € [0,1]is the shape weight for the i-th shape channel. As
used herein, the difference between B (not equal to 0} and Bo (ABi= B-Be} is often described
as the “delta shape.”
{00104] As used here, blendshape primitives {e.g., blendshapes} can refer to a
parameterized geometric descriptor of an object that was pre-detfined based on a state of the
object. In addition, these parameter values can be altered to describe another state, where the
geometric descriptors can include: a geometric location of vertices for a blendshape mesh,
joint angles for rigid-body models, and/or control points for radial basis/spline

interpolations or skinning etc.
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{00105]  In some aspects, available blendshapes can be augmented using a Facial Action
Coding System (FACS), which categorizes facial movements into unigque musde driven
elementary action units (AUs). This allows various facial expressions to be formed from the
combination (summation} of individual action unils. Thus, a blendshape rig often contains a
large number of shape primitives, as is needed {o anticipate a wide range of skin movements
and soft-tissue interactions needed for formation of the various expressions. Further detail
regarding the use of shape primitives is provided by UJS. Patent Publication No.
2008/0025569, which is incorporated herein by reference.

[00106] However, as the number of blendshapes increases, various problems arise. Firsi,
an increasing numbet of blendshapes introduces the possibility of having an undetermined
system of equations, which can be a major problem especially for real-time marker-less
performance transfer. This is due o the fact that the number of independent facial features
trom a marker-fess tracker is often limited; hence, there may not be enough information to
obtain a unique animation output solution. Second, as the mumber of non-orthogonal shape
primitives expands, the solution can be increasingly sensitive to small amounts of noise {e.g.,
in the marker tracking). For example, factal expressions with slight differences can be
represented from different combinations of primitives, and small inaccuracies in the tracking
data can therefore produce very different animation curves.

[00167] Previous work in solving or regularizing the blendshape rig retargeting problem
includes mapping the blendshape model onlo linear sub-spaces, such as described by UL
Patent No. 6,967,658, which is incorporated herein by reference. Some retargeting methods
can include principal component analysis (PCA) and/or canonical correlation analysis
(CCA).

[00108] In PCA, the blendshape model is projected onto an orthogonal Eigenspace. The
Eigenspace is then fruncated to remove those eigenwvectors with the smallest variance,
thereby elimdnating redundant information from the model In CCA, reductions in
regression are then performed to construct a direct relationship between the two projected
sub-spaces. It can be difficult, however, to apply meaningful constraints {o eigenvedctors of
the blendshape system during the retargeting process using either of these techniques.
[00169]  Aspects of the subject technology address the aforementioned need for systems

and methods that facilitate image regularization. As used hevein, “regularization” generally
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refers to a process of introducing additional information the help solve an ill-posed problem,
or to prevent data over-fitting. As discussed in further detail below, the additional
information can take the form of a penalty for complexity, such as restrictions for
smoothness, or bounds on an error function for a blendshape model.

[00116]  FIG. 1A is a flow diagram of an exemplary process 100 for retargeting an image.
Such an image retargeting (or regularization) method 100 (eg., using a non-linear
blendshape model) may begin with step 102, in which motion capture data is acquired {e.g.,
trom a camera or other source for recording a physical subject {e.2., human actor). Motion
capture data can be acquired using at least one camera, and typically can involve several
cameras that are used {o photograph or otherwise image the physical actor. Although
varicus image capture or recording means may be what actually captures the images
including the motion capture data, such image data may be subsequently stored for access at
other sources, such as data storage devices or network storage locations.

[00111]  After motion capture data is acquired, process 100 proceeds to step 104 in which
a series of posifions in the motion capture data are tracked during one or more motions. The
physical subject {e.g. human actor}) may have multiple motion capture markers that are
attached to (e.2., glued ontc) one or more features being tracked (e.g., the actor’s face).
Depending on the desired implementation, each of the motion capture markers can be a
passive marker, active marker, or some combination thereof. A passive marker can be, for
example, a reflective optical marker that is optimized for a predetermined wavelength or
band of wavelengths. In contrast, an active marker can be, for example, an active optical
marker such as a Hght source (e.g., an LED}.

{00112} Alternatively, the motion capture data can be acquired without the use of
tracking markers {e.g., by tracking a series of marker-less tracking points). Regardless of
whether or not tracking is performed using a marker based on marker-less tracking method,
motion capture data can be processed to identify locations within the image frames that are
not based on the movement or motion of the tracked subject, and which can therefore be
ignored, discarded, or otherwise substantially eliminated from the data. An example of the
comparison between marker-based and marker-less tracking is discussed in further detail

with respect to FIG. 3A below.
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{60113} In step 106, the marked (or marker-less) points on the physical subject are
associated with corresponding positions on a virtual subject. Where the face of the physical
subject is being tracked, for example, corresponding points are identified within the face of a
virtual person or creature that is the subject of the animation.

[00114] At step 108, the motion capture data is used to determine a set of blendshapes
that can be used to perform retargeting on a virtual subject or character. In some preferred
embodiments, blendshape calculations are performed by calculating a set of blendshapes
{e.g., from a blendshape rig}) that corresponds with the motion captured data.

[00115] Blendshape calculation requires making determinations {e.g., using a solver} for
each frame of motion capture data, which can include an assignment of weighis for each of a
plurality of predetermined facial animation states. In some aspects, such calculations can be
performed in a manner that optimizes a performance metric. Depending on implementation,
cach predetermined facial animation state can be developed as a set of multiple virtual
motion capture markers. Hach of the predetermined facial animation states can be
constructed in a virtual space as a 3-D representation of a facial expression by the physical
actor. Examples of image retargeting performed on a variety of facdial expressions by a
physical actor and resulting in corresponding expressions on a virtual subject is illustrated
in FIG. 3B,

{00116} As discussed in further detail below, changes in the positions of the virtual
markers between the mulliple predetermined facial states can follow a predetermined
anatomical model. For example, changes in facial states can follow a Facial Action Coding
System (FACS) model. In some aspects, facial states can be configured to extend across a
predetermined range; for example, a nurnerical range used to characterize the facial state can
be bounded. However in other embodiments, the range over which a particular facial state is
bounded is not be normalized with respect {o other facial states.

{60117} By way of example, blendshapes {also “shape primitives”) can be created from 3-
D scanned surface data and combinatorial shapes that are computer developed and/or
sculpted by an artist. In some approaches, blendshapes are generated from physically and
biomechanically based simulations. For example, combinational shapes may be created
using physical simulators that take account for nonlinear actions and contact constraints

between fadial structures. The blendshapes and action units can also be FACS-based and/or
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based on other mathematical decompositions. In some aspects, combination shapes can be
used to increase the non-linearity of the blendshape space, enabling the resulting animation
to perform more complex motions. However, as discussed above, if too many combination
shapes are used, the system of blendshape eguations can become oo non-linear, making it
difficult for the solver o find a unique animation solution.

{00118]  Subsequently, in step 110, a measurerent of the suitability of the calculated
blendshapes is determined. Blendshape suitability is based on the evaluation of one or more
error functions, as will be discussed in further detail with respect to FIG. 1B below. In some
aspects, one or more error functions corresponding with the calculated blendshapes can be
evaluated o produce an error ferm or error value corresponding with the selected
blendshape set. As such, suitability of a particular set of blendshapes can be evaluated by
comparing an associated error term with a predetermined threshold representing a
suitability cutoff (e.g., an error level below which bmage retargeting may be suitably
performed).

[00119] I it is determined in step 110 that the calculated blendshapes are unsuitable to
perform the image retargeting, process 100 proceeds to step 112, in which error assodated
with the blendshape set is reduced. As used herein, an error function for a particular
blendshape set can indude any of one or more error terms for a blendshape combination.
Therefore, the reduction of error can be performed by any method or process for selecting
blendshape combinations that achieve a minimum fotal error. In some aspects, error
minimization is performed in the context of other constraints such that, for example, error
mininization is achieved for the dosest possible blendshape combination or acceptable
solution. Thus, the retargeting or regularization of blendshapes can be understood as a
process o eliminate unnecessary or erroneous blendshapes, as well as to reduce the overall
blendshape space and thereby provide clarity to an artist or other user of the system.

{00126] In some instances, error minimization can be satisfactorily achieved by the
selection of appropriate blendshapes. Blendshape selection can be performed by trial and
error; in instances where too nwch error is present, however, blendshape selection may be
performed manually or automatically (e.g., using one or more of the variety of error

reduction techniques discussed below). In some aspects, error may be reduced by selectively
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increasing blendshape weights associated with a desired blendshape (e.g., to increase a
probability of convergence to the desired blendshape at a given time).

[00121]  Aliernatively, if it is determined at step 110 that a set of selected blendshapes are
suitable for image retargeting, process 100 proceeds to step 114, and the blendshapes are
cutputted/applied a virtual subject or character that is the focus of retargeting to create a
new animation. As used herein, the process of retargeting (or “cross-mapping”) is a process
of adapting the recorded body or face to a target character animation. In some aspects, the
target character may be a replica of the subject of the motion capture, or may be a different
object or subject altogether. In some aspects, the retargeting process involves minimizing a

fitting function, such as that provided by equation (2):

E.:"i:f = E EEKm - E{B{wh Q. R»\t}mgz ( )

[60122] where the subscript m represents the mtt marker, xm is positions of the marker; §
is the projective transformation; {3 is the camera projection matrix; and R and { are the head
rotation and translation parameters, respectively. In general, the shape weights, (w} and
head motion (R and t) are unknown. Therefore, minimizing the equation involves solving a
system of nonlinear equations. As discussed previously, the blendshape system may be
undetermined when the number of markers small compared to the number of shape
primitives {e.g., when m <<n).

{00123] FIG. 1B is a flow diagram of an exemplary process 101 for minimizing error for a
selected blendshape set. Process 101 begins with step 113, in which an error function
describing a selected set of blendshapes is evaluated. By way of example, the error function
may be evaluated to produce a value or term representing an amount of error for the error
function.

{00124] Optionally, process 101 may proceed to step 1154, in which the error term can be
compared to a predetermined threshold to determine, for example, if the assocdiated
blendshape set is suitable for use in performing an animation/retargeting. In some aspects, if
the error term is below the threshold, then an amount of error associated with the
blendshapes set may be small enough that andimation can proceed. Alternatively, if the error
term is greater than the acceptable threshold, process 101 may proceed to step 117 in which

the crror function is further reduced.
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{00125]  Alternatively, after evaluation of the error function, process 101 can proceed to
optional step 1158, in which an evaluation of the error function for the selected blendshapes
is made by determining whether or not an error term of the assodated error function is
equal to a target value. The desired target value may be different depending on
implementation. For example, the farget value can be negative infinity, 0, infinity, or some
other predetermined value.

[00126] Instep 117, one or more error reduction technigues may be applied.

{80127] In one aspect, the solver may be configured to compute blendshapes in both
forward and reverse time directions. Using this approach, two temporally dependent
blendshape sets are computed. After which, error minimization can be performed by
adjusting the relative blendshape weighting based on a correlation between the two sets
{e.g., the forward-time blendshape set and the reverse-time blendshape set). That is,
weighting can be adjusted where similar blendshape results are scored higher {¢.g., given a
higher weight).

[00128]  Other time-dependent relationships can also be exploited to reduce error. For
example, time-dependent blendshape calculations can be performed where weights are
adjusted for a particular blendshape in a manner that is based on weights for a previously
computed animation.

[00125] In another aspect, error reduction can be performed by selectively reducing the
number of blendshapes for which the error function is calculated. By way of example, an L1-
norm regularization method can be used to minimize a number of active shapes for a given
expression. That is, by finding a minimum value of the Ll-norm, a minimum number of
blendshape primitives can be determined. In some aspects, an Li-norm minimization
calculation can be performed in conjunction with another error function {e.g., that represents
the quality of the match) and/or further error functions as required by the Ll-norm
minimization technique.

[00136]  Insome aspects, by reducing the number of active shapes at a given time, the L1-
norm minimization can reduce the complexity of the system, enabling the solver to more
easily find a unique solution. By reducing the number of active shapes at a given time, a

mumber of unknown parameters can also be reduced despite the nonlinearity. As discussed
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in further detail below, other error minimization techniques can also be employed to reduce
the number of active shapes.

[00131] Blendshape minimization can also be facilitated by the elimination of
underutilized blendshapes, such as those that are less likely to be used for the expression of
known or common physiological states. For example, happiness, sadness, fear, anger,
surprise, and disgust are universally recognized fundamental emotions. Therefore, the
muscles {or action units) associated with these universal expressions are large, robusi, and
generally more active. Accordingly, given an arbitrary motion sequence, action units
corresponding to these essential muscles are expected to have a higher probability of
actuation as compared to other nonessential action units. That is, the movemend of these
muscles can be prioritized, as the likelihood of these muscles being responsible for fate facdial
movement is greater than that of the smaller musdles.

{00132] As such, a retargeting system of the subject technology can exploit known
physiclogical relationships by more greatly weighing blendshapes corresponding with those
movements of higher instanfiation probability. In some aspects, a regularization scheme can
be utilized where the weighted absolute sum {e.g.. L1-norm) of the blendshapes weights is
penalized according to equation (3), as follows:

(3)

I
Ep=ky z%gwx;
f=1

[00133] In other aspects, an alternative weighted sum of the shape weight could
alternatively be used (e.g., an L2-norm or any norm that prioritizes weight penalties for less
conunon blendshapes). However, an advantage of the L1 norm over L2-norm penalization is
that the L1 norm can produce sparse solutions due to its unique mathematical
characteristics. In particular, the Ll-norm can produce a smaller penaliy for the same
Eudidean distance with a fewer number of active bases. That is, the Li-norm error term is
sensitive to the doseness of the fit in the number of bases required to get that fit. In some
embodiments, the Ll-norm regularization may also be referred to as “basis pursuit
denoising” (BPDN) where Kx can be used to control the trade-off between sparsity of the
shape weights and reconstruction fidelity. That is, a high K (in comparison o error

threshold Er) encourages higher reconstruction fidelity because it punishes errors in fit.
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{00134] In some aspects, error minimization techniques of the subject technology can
involve a regularization framework that allows intuitive control of the facial performance
refargeting process. As discussed above, the retargeting process can be performed by
integrating physiclogically inspired regularizations and constraints (e.g., musde priority,
activation energy thresholds, and/or a rate of contraction, etc.) into the model. By way of
example, combinations of certain muscles {e.g., achion units) can be given an emotional
meaning, such that when a group of muscles is activated, it reflects a target emotional state.
{B0135] In some aspects, the retargeting process may rely on physiological foundations
that reference neural patterns and/or various underlying causes or factors behind external
results. For example, instead of concenirating on minimizing a number of active muscles, a
broader example may look at reducing activation of neural pathways or muscle control
features. This can be interpreted as reducing the energy used by the human body e.g., using
an energy equation. For example, an energy efficient system may be one in which the brain
only activates necessary musdcles or muscle groups in order to achieve a desired facial
expression.

{00136] In some aspects, a non-linear blendshape model can be utilized based on the
concept of calculating or using higher dimensions of the equations used in the model; this
atllows conunon additional shapes to be introduced, thereby improving the quality of the
resulting animation without extending the dimensionality of the blendshape system. In such
approaches, the system minimizes the number of active bases while producing high-quality
results, and it can be useful to ulilize psychological interpretations {e.g., where noisy and
often irrelevant channels are automatically removed).

{80137} 1t is understood that in some aspects energy function minimization can be
performed instead of (or in addition to} error funcion minimization as discussed above. For
example, one or more energy functions corresponding to musde activation in a body can be
used to model a retargeting process.

{B0138] In practice, musdle contraction occurs as a result of conscious effort originating in
the brain. That is, the brain sends signals in the form of action potentials via the nervous
systern {0 a motor neuron causing inmervation of one or more muscle fibers. To initiate a
contraction, a threshold of action potential needs to be reached. This action potential can be

considered as an “activation energy” or “activation energy threshold” of the musdle; in other
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words, the minimum energy required by muscle to initiate a contraction or movement. In
some aspects, an active musde requires less effort to remain active; likewise, if the muscle
was previously inactive, it would require some energy to initiate the confraction sequence.
In some aspects, in order to inhibit channels thal were previously idle, a temporal response

term is appended to A, from Equation (4}, as follows:
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[0013%] where wi ™! is the shape weight of the previous frame, Ai ank is the Lenorm
content that penalizes the fitting function based on the priority of the channel and A amis a
constant controfling the strength of a temporal regularization.

[00140] It can be seen that when wit! = 0, the second term in Equation [4] becomes Ai. dyn,
and the regularization term diminishes as wi'! increases. Moveover, parameter 7 can be used
to adjust the curvature of the temporal response function. Therefore, changing the value of p
changes the sensitivity of the response function to earlier weightings. For example, a high p
value results in a strong prodlivity to use the same shape weight for even a small correlation
measurement (e.g., when tracking a face). That is, if the muscle is active, is likely to stay
active. It should be understood that the exact format of the response function shown in
Equation {4] can be varied to change the dynamics of activation energy, without departing
from the scope of the subject technology. It is farther understood that different response
tunctions can be used, for examnple, depending on the desired implerentation and/or may
be varied to suit the physiclogy on the body of the desired animation.

[00141] In another aspect, a rate of reaction {or action} of various action units (AUs) or
blendshapes is considered in the retargeting process. By way of example, different fadal
muscles may be known to contract at different rates, such as the levator palpebrae superioris
muscles which are responsible for raising the eyelids. To improve retargeting, the solver can
be modified to adhere to various physical constrainis or characteristics. In some aspects, this
can be achieved by introducing a temporal smoothing function that is implemented based
on a rate of change of each action unit. By way of example the smoothing function may be

represented as:
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[00142] where Wi represents a running average of the shape weight w;, ks is a global
smoothing parameter and s;is a rate of change of the action unit. By assigning experimentally
determined s, Hquation [5] can be used to prevent physically unrealistic motions.
Additionally, in some aspects the smoothing function can also facilitate removal of jittering
artifacts, e.g., that can result from poor input data.

[00143] In some implementations, regularization parameters can be adjusted based on
non-physiological considerations. For example, an artist may clean up an animation curve
based on her own personal preferences and past experiences, such as, tuning varicus
regularization parameters based on those preferences.

{00144] In some aspects, combining the use of strain-rate, which constrains the speed of
activation and deactivation, with the FACS based shapes allows the strain-rates to be pre-
measured. This means that they can be introduced and/or applied o a new video sequence,
for example, without any video spedific tuning process. Strain-rate based constraints can be
derived from studying the actual motion of the faces, 1.e., biomimicry.

[00145] In some implementations a given linear combination of blendshapes and/or
FACS action units may be insufficient to reproduce all desired motions of an expressive
feature, such as a human face. This is because of the large range and nonlinear motion of the
vetargeted tissues (e.g.. the facial fissues). For example, when lips pucker the resulting
expression is not a simple swomation of two delta shapes. Most action units are not
mutually orthogonal; that is their effects cannot be completely separated or treated
independently. As such a corrective delfa shape can be used fo achieve a more accurate
expression. In some approaches, corrective blendshape {e.g., corrective deltas) can be
introduced by the user.

{00146] In other aspects, one solution to this problem is to create a combinatorial
blendshape {e.g., a shape primitives or blendshape that describes the combined influence of
different action units), and that can be created to describe the co-varying outcome. However,
the addition of combinatorial blendshapes increases the dimensionality of the blendshape
function, which in turn can result in an unwieldy dimensionality for the blendshape rig.

Additionally, the combined shapes are regarded as separate conirels and therefore dynamic
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transitions between primary and combined action units may not be straightforward. Por
example, potentially resulting indirect solutions can often result in a nonlinear solver getting
trapped in a local mininmm, e.g., not adjusting the norm correctly. In addition, applying any
temporal regularization on the combined channels can become problematic

[00147] In some aspects, rather than extending the dimensionality of the blendshape
space the shape space can be modeled as a nonlinear contribution to the blendshape model.
That is, it can be possible o reduce the number of blendshapes (or action units) required by
the model, for example, by incorporating mixtures of the units instead of requiring new
units. In some approaches, this can be achieved by using a high dimensional model
representation (HDMR), which takes advantage of a mathematical expression of nonlinear
combinations that can be solved o determine the base action units or blendshapes. If
implemented, such methods may require the calculation of an inverse that can be extended
to multiple equations. Other nonlinear (high dimensional) interpolation methods can also be
used without departing from the scope of the technology. By way of example, radial basis
interpolation and/or Lagrange inferpolation may be performed on an N-dimensional
hypercube. In some implementations, one advantage of HDMR is that it is much faster and
can vield more predictable results. In the case of radial basis interpolation, the interrelation
between points can be unprediciable, especially when there are a large number of scattered
poindts.

[00148] By way of example, for hypercubes, increasing a number of shape combinations
can exponentially increase the complexity of interpolation. In some aspecis, the expression
chosen should be differentiable, or able to be expressed algebraically to allow the inverse to
be performed. In some aspects, retargeting can be more complex than the construction of a
face because it is working backwards, e.g., from the resulting image to an approximation of
what caused it.

[00145] By way of further example, instead of extending the dimensionality the
blendshape space, the shape space can be modeled as a combination of nonlinear
contributions to the blendshape model, e.g., using the concept of a HDMR. Based on the

Taylor expansion, the biendshape function B can be expanded into:
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[00150]  Setting W = @ and approximating the partial derivatives using finite difference

scheme as:
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B= B+ l wil B, ~ Bt o+ sy { By, - B~ By 4 By

5 ' {8
+ ‘5‘ w:»w;&s-‘;\.{ﬁ;is: R B~ By + 8+ 8, 4+ B~ B{{} e

[00152] where the first two terms of this expression represent the linear blendshape
maodel. The additional terms can be interpreted as a nonlinear extension {o the blendshape
approach. That is, the third term is a sum (over all the blendshapes N) of the nonlinear effect
of combining each set of two blendshapes. Similarly, the third term combines the nonlinear
effect of triplets of blendshapes and so on. This means that a solver can now solve based on
combined blendshapes, or basic shapes, greatly improving the use of a similar set of basic
shapes.

{60153}  In the case where the shape primitives are orthogonal, i.e.:

B, — B, = AB; + 4B, and By — By = AB; + 4B, + 4B,

for all ij and & the HDMR blendshape mode} reduces back to the original linear model,
Therefore, higher order terms are only required when the corresponding channels covariate.
Since most action units are already spatially isolated, higher-order combinational shapes are
only needed for action units there on the same region of the face. Furthermore, according to
the sparsity-of-effects prindiple, a nonlinear system is usually dominated by main effects and

lower order interactions, and 2% and 3% order interactions {e.g. covariates of two and three
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channels respectively} are generally sufficient to generate most expressions. However, the
systermn may be expanded or continued higher-order effects were required, for example, by
simply calculating a further term of the expansion.

[60154] In some aspects, the nonlinear equation can be further exiended to allow
incremental and combinations of incremental shapes to be added. Incremental shapes may
add another layer of nonlinearity to the existing combination shapes to allow better control
the image formation. Depending on the structure of the shape increments, interpolators such
as raclial basis function and/or tensor product splines can be used. In some aspects an
alternative to this method, which has an expensive computational cost, may use regression-
based surrogate models to speed up the process. An example is the partial least squares
regression (PLSRY which is been shown fo speed up the biomechanically generated fadal
expressions. PLSR is a statistical system that can be used emulate a variety of complex
equations. The facial expressions are normally generated before applying PLSR.

[00135] In some aspects, blendshapes or action units may have opposite influences, for
example, that are not physically able to be co-activated. For example, “eyes left” and “eyes
right” are contradicting and therefore would not typically be activated simultanecusly.
Similarly “cheeks puff” and “cheeks suck” are also contradictory. To prevent co-activation
of opposing shape controls, combinations of these action units can be replaced by the resting
state. For instance, a lookup correlation table or matrix could be included to track covariance
between muscle groups. As a resull, co-activating the shapes would return to neutral, and in
embodiments where this is used with BPDN, which targets the most sparse solution, will
prevent the solver from aclivating these opposing channels concurrently.

{#0156] In some aspects, facial performances may be tracked semi-manually. However,
more automated trackers (e.g., based on cascade regression) can also be used. Combined
with an identity database this allows real-time person-independent performance tracking
and retargeting. In some aspects, a marker list regression-based {racker could benefit from
the proposed regularization method as a number of features being tracked are limited and
results are often noisy. In some embodiments the increase computational complexity of the
nonlinear blendshape models can be reduced by application of further constraints to prevent
urmatural animated expressions. Because FACS action units are spatially isolated, they can

be placed into regional groups and linear irequality constraints can be applied to these
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spatial regions. For example, each region can be restricted within the convex whole of the
blendshape space by constraining the combination or some of shape weights {o be less than
or equal to one. If the solution space is within a convex hull, it is almost always possible to
find a unique solution when the starting point is also within the convex huil.

[00157]  In some aspects the inequality constraints can be implemented using the method
of Lagrange multipliers with slack variables. Langrange multipliers are a strategy for finding
the local maxima and minima of the function subject to equality constraints. The method can
be further extended to allow inequality constrainis by adding a slack variable to the
maaltiplier.

[00158] The combined use of the regularization technigques and the nonlinear solver
allows neutral replacement shapes to be efficiently implemented without any {(or little}
additional computational work. Since an L-1 norm regularization look for the lowest set of
active weights, it will iry to avoid any combinational shapes unless there is enough energy
{or error) to drive it toward those combinations. The neutral replacement method essentially
removes thal energy by replacing those combinations with a neutral shape, thereby
preventing co-activation of those weighis without affecting the activation property of
individual shaped channels.

{#0159] FIG. 2 is a simplified functional block diagram of an exemplary animation
apparatus 200 used to implement some aspects of the image retargeting technology.
Awimation apparatus 200 includes a storage device 210 configured {o store motion capture
data. The mwotion capture data can be stored, for example, as a series of frames of motion
capture data. The motion capture data can include data that has been stabilized to remove
certain movements {e.g., head movernents such as tilf, rotation, and shitt). Storage device 210
can be virtually any tvpe of electronic storage device, such as solid state memory, RAM,
magnetic memory, hard disk memory, magnetic tape, optical memory, optical disks, or
some combination thereof.

{00168 Storage device 210 can be coupled to a reference capture module 220 and a
weight solver 230. The reference capture module 220 can be configured to establish a
relationship between a predetermined expression from a physical actor/character captured

in image data (incduding the motion capture data) to a corresponding predetermined facial
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expression of a virtual actor/character. The reference capture module 220 can be coupled to
the weight solver 238, as well as to an animation library 240.

[00161] The reference capture module 220 is typically utilized during a calibration phase
that occurs prior fo filming of the motion sequence that forms the basis for the motion
capture data. In particular, the reference capture modude 220 can be used to establish a
relationship or mapping between a captured expression of a physical actor and a
corresponding predetermined expression stored as a virtual reference image 242 in
animation kibrary 240. An initial image captured of the physical actor in a predetermined
pose may reflect a predetermined expression. The initial image is typically a three-
dimensional image capture of the physical actor. The predetermined expression may be, for
example, a rest pose in which the physical actor is substantially expressionless. Of course,
the predetermined expression is not limited to a rest pose and may be nearly any pose or
CXpression.

[00162] The virtual reference image 242 within the animation library 240 is configured to
store a predetermined facial expression that can correspond to the predetermined expression
from the physical actor. The virtual reference image 242 can indude, for example, the
information and data derived from an animated, virtual head having virtual markers placed
at points corresponding to the placement points of motion capture markers on the head of
the physical actor. In one embodiment, the virtual reference image 242 can be generated
using Non-Uniform Rational B Splines (NURBS} to produce a mathematical representation
of the 3-D geometry corresponding to the physical head. The appearance of the virtual
NURBS head model need not be identical to the appearance of the physical model. Indeed,
in some embodirments, the virtual actor need not be based on a real actor, but may instead be
a model of a stylized animation character.

[00163] In another embodiment, the virtual reference image 242 can be generated as a
three-dimensional shape or surface defined by multiple polygonal meshes. The virtual
markers can be positioned on the surface of the virtual head. The position of each of the
virtual markers can be configured to remain on the same point on the surface of the mesh
defined by the NURBS curves even when the mesh is deformed.

[00164] The reference capture module 220 can be configured to map the positions of the

mwotion capture markers from the fivst 3-D captured expression from the physical actor to the
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position of the virtual markers on the virtual reference image 242. In one embodiment, the
reference capture module 220 automatically registers and aligns the captured predetermined
expression to the virfual reference image 242 prior o performing the mapping. For example,
the reference capture module can be condigured to modify the registration and alignment of
the captured motion capture data relative to the virtual reference image 242 based on an
alignment or registration metric. The alignment registration metric can be, for example, a
minimal distance, least square, or some combination thereof that relates the position of the
motion capture markers in the captured image to the position of the virtual markers in the
virtual reference image 242.

[00165] In another embodiment, registration and aligonment of the captured
predetermined expression to the virtual reference image 242 can be semi-automated or
manual. For example, a user may utilize a user interface 254 to manipulate a display of the
captured predetermined expression that is overlaid on a display of the virtual reference
image 242 in order o substantially align the motion capture markers of the physical actor to
the virtual markers on the virtual reference image 242. The user may, for exaraple, utilize the
user interface 254 to translate, rotate, scale, or otherwise register and align the motion
capture markers to the virtual markers. The user may then initiate the reference capture
module 220 to perform the mapping operation. The mapping operation resulf in an
approximate correlation of a surface of the physical actor—as defined by the placement of
the motion capture markers—to a surface of the virtual actor.

[60166] The motion capture data 210 for captured images other than the predetermined
expressions are coupled to the weight solver 230. Again, as before, the captured images are
typically three-dimensional images or convey three-dimensional information. Weight solver
230 is coupled to the animation library 240 and uses a virtual expression library 244, as well
as the virtual reference image 242 to generate a facial animation solution.

[60167] As discussed above, weight solver 230 can be configured to determine the
relative weight applied to each blendshape component of the facial state in animation library
240 that combine to reproduce the expression represented by the motion capture data. In
one embodiment, weight solver 230 can be configured to determine control values, such as
relative weight or blend shape weights for each frame of motion capture data 210. Weight

solver 230 can be configured to produce a set of weights or conirol values based on
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performance metrics such that the virtual markers substantially match or otherwise align
with the motion capture markers. Additionally, weight solver 230 can re-determine or
otherwise re-compute the weights for each frame of motion capture data.

[60168] In the motion capture data corresponding fo the movements of the physical actor,
muscle activations cause the motion capture markers {o iranslate in space. Weight solver 230
determines weights to deform the scanner surface of the virtual actor to cause the virtual
markers to translate in space by a corresponding amount. For each frame of motion capture
data, the weight solver 230 can be configured fo find a set of weight values (e.g., blend shape
weight values) that align the virtual markers with a motion capture data.

[00169]  As discussed above, weight solver 230 can also determine blend shape weight
values, so as to minimize error functions associated with the chosen blend shapes. In some
aspects, activation thresholds may be used to eliminate less likely blendshapes or to
prioritize blendshapes that have a higher probability of activation.

[00176] FIG. 3A illustrates an example of a physical actor on which marker-based
tracking is performed for the tracking of facial features (left). As further Hlustrated, FIG. 3A
also depicts an example of virtual or marker-free tracking (right). Together, FIG. 3A
iltustrates a side-by-side comparison of a marker-less image of a physical subject with an
exemplary image of the same physical subject upon which markers have been distributed.
{60171} FIG. 3B illustrates several examples ouiput by a retargeting process of the subject
technology. In particuar, an expression of a first subject {eg., a physical subject of left
column) i3 retargeted onto a second subject (e.g., a virtual subject of the center and right
colummns).

{00172] While this disdosure has concentrated on the example of a facial solver it may be
applied to a range of physiological bodies induding human and non-human animals and
animal parts. Similarly embodiments may be applied to non-animal objects where the
physiological features are instead related to the mechanical or alternative characteristics of
the objects.

{00173] While this disclosure has focused on retargeting of an image from a motion or
image capture device in some embodiments the process could be, in part, reversed to
provide an object with animation based on a series of commands. The desired blendshapes,

or emotions, or other inpul can be provided to a processing means, such as a processor or
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computer, which follows one or more of the described steps to animate an object. Por
instance the use of the physiological blendshapes will allow an animator to adjust the
animation in a straightforward manner if it appears incorrect.

{60174] In a further embodiment the system and/or method may be applied to alternative
applications. For instance the system may be used fo idendify expressions, in an image or
motion sequence. The detected expression can then be used an indication of or suggesting an
emotional state. The expressions, shape or movement of the subject {e.3. & face) can be
associated with an emotion state by, for instance, a look-up table or database. In some cases
the correlation or association may be formed by knowledge of the physiclogical system
underlying the emotion, for example the underlying muscles or facial siructure, or other
physical structure or model. In a preferred embodiment the system would identify a series
of facial fiducially points, most commonly using a markerless tracking system. The
particular points may vary depending on which expressions are being sensed and
subsequently emotions identified or may be general (e.g. the corners of lips).

[00175]  Using the methods as described hetein these images or image sequences may be
solved for the blendshape, preferably PACS action units, weight values. When the
blendshapes or FACS are identified these may be projected, or compared to {e.g. through a
lock-up table) to known emotional blendshapes or emFACS {e.g. surprise is a combination
of AUT +AU2 +AUS5), or a similar combination of blendshapes. This process is helpful where
the solving process reduces the number of blendshapes or action units so as to give a dearer
picture of the potential emotion. This means that the physiclogical nature of the system is
used to identify expressions and thus emotions in a facial image. Alternative subject
characteristics may also be determined in a similar method. These embodiments use a model
of the physical emotion {characteristic) response of the subject and the physiological basis of
the system to correlate the image with the subject characteristics. Alternative characteristics
may reflect an underlying nature of the subject, for instance health, muscle, or physical
parameters (e.g. exercise). In an embodiment the association of the blendshapes to emotions
may be used to areate an error term. That is the blendshape choice may be modified if the
emotion combination is inconsistent.

[00176]  Although aspects of this disclosure concentrate on the example of a facial solver,

it is understood that aspects of the technology can be applied {o a range of physiological
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bodies, including but not limited to human and nonhuman animals, and/or animal parts,
Similarly, aspects of the technology may be applied to non-animal objects with physiological
features that are instead related to the mechanical alternative characteristics of the objects.
{60177} Additionally, although aspects of the disclosure focused on retargeting of an
image from a motion or image capture device, it is understood that aspects of the technology
could be implemented to provide an object with animation based on a series of conunands.
For example, the desired blendshapes or emotions, or other input can be provided to a
processing means, such as a processor or computer, which falls one or more of the described
steps to animate object. For instance, the use of the physiclogical blendshapes can allow an
animator to adjust animation in a straighiforward manner if it appears incorrect.

{60178} In an alternalive embodiment, the system and/or method can be applied to
alternative applications. For instance, aspects of the technology may be used to identify
expressions in an image or motion sequence. Detected expressions may then be used as an
indication of an emotional state. By way of example, expressions, shapes, and/or movement
of the subject {e.g., a face) can be associated with an emotional state by, for example, a
lockup table or database. In some cases a correlation or association may be formed by
knowledge of the physiological system underlying the emotion, for example, the underlying
muscles and/or facial structures, or others physical structures and/or models.

[0017%] FIG. 4 is a block diagram of an exemplary electronic entertainment system 400.
The entertaimment system 406 of FIGURE 4 includes a main memory 405, a central
processing unit {CPU) 410, vector unit 415, a graphics processing unit 420, an input/output
{/O} processor 425, an I/O processor memory 430, a condroller interface 435, a memaory card
440, a Universal Serial Bus (USB} interface 445, and an IEEE 1394 interface 450. The
entertainment system 400 further includes an operating system read-only memory (O8
ROM) 455, a sound processing unit 460, an optical disc control unit 470, and a hard disc
drive 465, which are connected via a bus 475 to the /O processor 425.

{00186 Entertainment system 400 may be an electronic game console. Alternatively, the
entertainment system 400 may be implemented as a general-purpose computer, a set-top
box, a hand-held game device, a tablet computing device, or a mobile computing device or
phone. Entertainment systems may contain more or less operating components depending

on a particular form factor, purpose, or design.
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(001811 CPU 410, vector unit 415, graphics processing unit 420, the 1/0O processor 425 of
FIG. 4 comnnunicate via a system bus 485. Further, the CPU 410 of FIG. 4 communicates with
the main memory 405 via a dedicated bus 480, while the vector unit 415 and the graphics
processing unit 420 may communicate through a dedicated bus 490. The CPU 418 of FIG. 4
executes programs stored in the OS5 ROM 455 and the main memory 405. The main memory
405 of FIG. 4 may contain pre-stored programs and programs transferred through the /O
Processor 425 from a CI3-ROM, DVD-ROM, or other optical disc (not shown) using the
optical disc conirol unit 470. 1/O Processor 425 of FIG. 4 may also allow for the introduction
of content transferred over a wireless or other communications network {(e.g., 4%, LTE, 3G,
and so forth). The /O processor 425 of FIG. 4 primarily controls data exchanges between the
various devices of the entertainment system 400 including the CPU 410, the vector unit 415,
the graphics processing unit 420, and the controller interface 435.

{00182]  The graphics processing unit 420 of FIG. 4 executes graphics instructions received
from the CPU 410 and the vector unit 415 to produce images for display on a display device
{not shown}. Por example, the vector unit 415 of FIG. 4 may transform objects from three-
dimensional coordinates to two-dimensional coordinates, and send the two-dimensional
coordinates to the graphics processing unit 420. Furthermore, the sound processing unit 460
executes instructions to produce sound signais that are outputted fo an audio device such as
speakers (not shown). Other devices may be connected to the enterfainment system 400 via
the USB interface 445, and the TEEE 1394 interface 450 such as wireless transceivers, which
may also be embedded in the system 400 or as a part of some other component such as a
processor.

{00183} A user of the entertainment systern 400 of FIG. 4 provides instractions via the
controller inferface 435 to the CPU 410. For example, the user may instruct the CPU 410 to
store certain game information on the memory card 440 or other non-transifory computer-
readable storage media or instruct a character in a game {o perform some specified action.
{00184] Ut will be appreciated that these systems and methods are novel, as are
applications thereof and many of the components, systems, methods and algorithms
employed and included therein. It should be appreciated that embodiments of the presently
described inventive body of Work can be implemented in numercus ways, including as

processes, apparatus, systems, devices, methods, computer readable media, computational
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algorithms, embedded or distributed software and/ or as a combination thereof. Several
ilhustrative embodiments are described below.

[00185] The various embodiments can be implemented in a wide variety of operating
enviromments, which in some cases can include one or more user computers, computing
devices, or processing devices which can be used to operate any of a number of applications.
User or client devices can include any of a number of general purpose personal computers,
such as deskiop or laptop computers running a standard operating system, as well as
cellular, wireless, and handheld devices running mobile software and capable of supporting
a number of networking and messaging protocols. Such a system also can include a number
of workstations running any of a variety of conunercially-available operating systems and
other known applications for purposes such as development and database management.
These devices also can indude other electronic devices, such as dummy terminals, thin-
clients, gaming sysiems, and other devices capable of comnumicating via a network.

[00186] Various aspects also can be implemented as part of at least one service or Web
service, such as may be part of a service-oriented architecture. Services such as Web services
can comununicate using any appropriate type of messaging, such as by using messages in
extensible markup language (XML) format and exchanged using an appropriate protocol
such as SOAP (derived from the "Simple Object Access Protocol”). Processes provided or
executed by such services can be written in any appropriate language, such as the Web
Services Description Language (W5DL). Using a language such as WSDL allows for
functionality such as the aufomated generation of dlient-side code in various SOAP
frameworks.

{00187] Most embodiments utilize at least one network that would be familiar to those
skilled in the art for supporting communications using any of a variety of commercially-
available protocols, such as TCP/IP, O8], FTP, UPnP, NF5, and CIFS. The network can be, for
example, a local area network, a wide-area network, a virtual private network, the Internet,
an intranet, an extranet, a public switched telephone network, an infrared network, a
wireless network, and any combination thercof.

[00188] Inembodiments utilizing a Web server, the Web server can run any of a variety of
server or mid-tier applications, including HTTP servers, FIP servers, CGl servers, data

servers, Java servers, and business map servers. The server(s) alsoc may be capable of
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executing programs or scripts in response requests from user devices, such as by executing
one or more Web applications that may be implemented as one or more scripts or programs
written in any programming language, such as Java®, C, C# or C++, or any scripting
language, such as Perl, Python, or TCL, as well as combinations thereof. The server(s) may
also include database servers, induding without limditation those commerdally available
from Oracle®, Microsoft®, Sybase®, and IBM®,

[00189] The environment can include a variety of data stores and other memory and
storage media as discussed above. These can reside in a variety of locations, such as on a
storage medium local to (and/or resident in) one or more of the computers or remote from
any or all of the computers across the network. in a particular set of embodiments, the
information may reside in a storage-area network (“SAN”) familiar to those skilled in the
art. Similarly, any necessary files for performing the functions attributed to the computers,
servers, or other network devices may be stored locally and/or remotely, as appropriate.
Where a system includes computerized devices, each such device can include hardware
elements that may be electrically coupled via a bus, the elements including, for example, at
least one central processing unit (CPU), at least one input device (e.g., a mouse, keyboard,
controller, touch screen, or keypad), and at least one cuiput device {e.g., a display device,
printer, or speaker). Such a system may also include one or more storage devices, such as
disk drives, optical storage devices, and solid-state storage devices such as random access
memory {"RAM”} or read-ondy memory ("ROM”), as well as removable media devices,
memory cards, flash cards, etc.

{80196} Such devices also can incdlude a computer-readable storage media reader, a
communications device {e.g., a modem, a network card (wireless or wired), an infrared
comimunication device, etc), and working memory as described above. The computer-
readable storage media reader can be connected with, or configured to receive, a computer-
readable storage medium, representing remwte, local, fixed, and/or remwovable storage
devices as well as storage media for temporarily and/or more permanently containing,
storing, transmitting, and retrieving computer-readable information. The system and
various devices also typically will include a number of software applications, modules,
services, or other elements located within at least one working memory device, including an

operating system and application programs, such as a dient application or Web browser. It
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should be appreciated that alternate embodiments may have numerous variations from that
described above. For example, customized hardware might also be used and/or parficular
elements might be implemented in hardware, software (including portable software, such as
applets), or both. Further, connection to other compuling devices such as network
input/ouiput devices may be employed.

{60191} Storage media and computer readable media for containing code, or portions of
code, can include any appropriate media known or used in the art, including storage media
and communication media, such as but not limited to volatile and non-volatile, removable
and non-removable media implemented in any method or technology for storage and/or
transpission of information such as computer readable instructions, data structures,
program modules, or other data, including RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disk (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired information and which can be
accessed by the a system device. Based on the disclosure and teachings provided herein, a
person of ordinary skill in the art will appreciate other ways and/or methods to implement
the various embodiments.

[00192]  The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense. It will, however, be evident that various modifications and
changes may be made thereunio without departing from the broader spirit and scope of the
disciosure as set forth in the daims.

{001983] The description of the subject technology is provided to enable any person skilled
in the art fo practice the various embodiments descaibed herein. While the subject
technology has been particularly described with reference fo the various figures and
embodiments, it should be understood that these are for illustration purposes only and
should not be taken as Himiting the scope of the subject technology.

{00184] There may be many other ways to implement the subject technology. Various
tunctions and elements described herein may be partitioned differently from those shown
without departing from the scope of the subject technology. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and generic principles

defined herein may be applied to other embodiments. Thus, many changes and
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modifications may be made to the subject technology, by one having ordinary skill in the art,
without departing from the scope of the subject technology.

[00195] A reference to an element in the singular is not intended o mean “one and only
one” unless specifically stated, but rather “one or more.” The term “some” refers to one or
more. Underlined and/or ifalicized headings and subheadings are used for convenience only,
do not limit the subject technology, and are not referred to in connection with the
interpretation of the description of the subject technology. Al structural and functional
cquivalents to the elements of the various embodiments desaribed 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.

{00196] 1t is understood that any specific order or hierarchy of steps in the processes
disclosed is an illustration of exemplary approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be rearranged,
or that only a portion of the illustrated steps be performed. Some of the steps may be
performed simultancously. For example, in certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation of various systern components
in the embodiments described above should not be understood as requiring such separation
in all embodiments, 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.

[00197]  The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other aspects. Thus, the claims are not intended to be lunited fo the aspects shown
hercin, but are to be accorded the full scope consistent with the language claims, wherein
reference to an element in the singular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.”

[00198] A phrase such as an “aspect” does not imply that such aspect is essential to the

subject technology or that such aspedt applies to all configurations of the subject technology.
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A disclosure relating to an aspect may apply to all configurations, or one or more
configurations. A phrase such as an aspect may refer to one or more aspects and vice versa.
A phrase such as a “configuration” does not imply that such configuration is essential {o the
subject technology or that such configuration applies to all configurations of the subject
technology. A disdosure relating to a configuration may apply to all configurations, or one
or more configurations. A phrase such as a configuration may refer to one or more
configurations and vice versa.

{00199] The word “exemplary” is used herein to mean “serving as an example or

i

ilhastration.” Any aspect or design described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspedts or designs.

{00208] 1t is acknowledged that the terms “comprise”, “comprises” and “comprising”
may, under varving jurisdictions, be attributed with either an exclusive or an indusive
meaning. For the purpose of this specification, and unless otherwise noted, these ferms are
intended to have an inclusive meaning — i.e. they will be taken o mean an inclusion of the
listed components which the use directly references, and possibly also of other non-specified
components or elements.

{00201} While the present invention has been illustrated by the description of the
embodiments thereof, and while the embodiments have been described in detail, it is not the
intention of the Applicant to restrict or in any way limit the scope of the appended claims to
such detail. Further, the above embodiments may be implemented individually, or may be
combined where compatible. Additional advantages and wmodifications, including
combinations of the above embodiments, will readily appear to those skilled in the art.
Therefore, the invention in its broader aspects is not limited to the specific details,
representative apparatus and methods, and illustrative exammples shown and described.
Accordingly, departures may be made from such details without departure from the spirit

or scope of the Applicant’s general inventive concept.
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CLAIMS

WHAT IS CLAIMED I5:

L. A computer-implemented method for image retargeting, the method comprising:

acquiring image data regarding a first subject, wherein the acquired image data
comprises motion capture data based on motion of a plurality of markers distributed on a
surface of the first subject;

associating each of the markers with a respective location on the surface of the
first subject;

calculating a plurality of blendshapes for the motion capture data, wherein each
of the plurality of blendshapes is based on a configuration of the markers;

identifying an error function for the plurality of blendshapes;

determining that the plurality of blendshapes can be used to retarget a second
subject based on the error functior, and

applying the plurality of blendshapes to the second subject to generate a new

animation.

2. The computer-implemented method of claim 1, wherein determining that the
plurality of blendshapes can be used to retarget the second subject further comprises:
evaluating the error function to deternvine that an error term associated with the
error function is above a predetermined threshold; and
adjusting the error function to reduce the error term upon determining that the error

term is above the predetermined threshold.
3. The computer-implemented method of daim 2, wherein adjusting the error
function comprises adjusting the error function such that the error term approaches a target

value, wherein the target value is infinity, zero, negative-infinity, or a fixed value.
{ § Y

4. The computer-implemented method of caim 2, wherein adjusting the error

function further comprises adjusting one or more weights associated with one or move of the
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blendshapes, wherein the one or more weights associated with a respective blendshape
correspond with a probability of activation for the respective blendshape.
5. The computer-implemenied method of claim 1, wherein calculating the plurality
of blendshapes for the motion capture data further comprises:

computing the plurality of blendshapes in a forward time direction to produce a
forward time result;

computing the plurality of blendshapes in a reverse time direction fo produce a
reverse time result; and

adjusting one or more weights associated with one or more of the plurality of
blendshapes based on a correlation between the forward time result and the reverse time
result.
b. The computer-implemented method of daim 1, wherein applying the plurality of
blendshapes o the second subject to generate a new anirnation comprises associating one or
more of the blendshapes with the second subject when it is determined that the plurality of

blendshapes can be used to retarget the second subject.

7. The computer-implemented method of claim 1, wherein the first subject is a real

actor, and second subject is a virtual actor.

38



WO 2017/044499 PCT/US2016/050575

8. Animage retargeting system, comprising:
a source of hmage data comprising a first subject, wherein the image data
cormprises motion capture data based on motion of a plurality of markers distributed on a
surface of the first subject;
at least one processor that executes instructions stored in memory, wherein
execution of the instructions by the at least one processorn:
associates each of the markers with a respective location on the surface of the
first subject;
calculates a plurality of blendshapes for the motion capture data, wherein
each of the plurality of blendshapes is based on a configuration of the markers;
identifies an ervor function for the plurality of blendshapes;
determines that the plurality of blendshapes can be used to retarget a second
subject based on the error function; and
applies the plurality of biendshapes to the second subject to generate a new

animation.

9. The image retargeting system of claim 8, wherein the at least one processor
executes further instructions to determine that the plurality of blendshapes can be used to
retarget the second subject by:
evaluating the error function to determine that an error term associated with
the error function is above a predefermined threshold; and
adjusting the error function to reduce the error term upon determining that

the error term is above the predetermined threshold.

10. The image retargeting system of claim 9, wherein the at least one processor
executes further imstructions to adjust the error function such that the ervor term approaches

a target value, wherein the target valae is infinity, zero, negative-infinity, or a fixed value.
11 The image retargeting systerm of claim 9, wherein the at least one processor

executes further instructions o adjust the error function by adjusting one or more weights

associated with one or more of the blendshapes, wherein the one or more weighis associated
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with a respective blendshape correspond with a probability of activation for the respective

blendshape.

12. The image retargeting system of claim 9, wherein the at least one processor
executes further instructions to calculate the plurality of blendshapes for the motion capture
data by:

computing the plarality of blendshapes in a forward time direction to produce a
forward time result;

computing the plurality of blendshapes in a reverse time direction to produce a
reverse time result; and

adjusting one or more weights associated with one or more of the plurality of
blendshapes based on a correlation between the forward time result and the reverse time

result.

i3. The image retargeting system of claim 8, wherein the at least one processor
executes further instructions to animate the second subject by associating one or more of the
blendshapes with the second subject when it is determined that the plurality of blendshapes

can be used to retarget the second subject.

14 The image retargeting system of dlaim 8, wherein the first subject is a real actor,

and second subject is a virtual actor.
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5. A non-transitory computer-readable storage medium comprising instructions
stored therein, which when executed by one or more processors, cause the processors to
perform operations comprising:

acquiring image data regarding a first subject, wherein the image data comprises
motion capture data based on motion of a plurality of markers distributed on a surface of
the first subject;

associating each of the markers with a respective location on the surface of the first
subject;

calculating a plurality of blendshapes for the motion capture data, wherein each of
the plurality of blendshapes is based on a configuration of the markers;

identifying an error function for the plurality of blendshapes;

determining that the plurality of blendshapes can be used to retarget a second subject
based on the error function; and

applying the plurality of blendshapes to the second subject o generate a new

animation.

16. The non-transitory computer-readable storage medium of daim 15, wherein
determining if the plurality of blendshapes can be used to retarget the second subject further
comprises:

evaluating the ervor funclion to determine that an error ferm associated with the
error function is above a predetermined threshold; and

adjusting the error function to reduce the error term upon determining that the error

term is above the predetermined threshold.

i7. The non-transitory computer-readable storage medium of daim 16, wherein
adjusting the error function comprises adjusting the error funchion such that the error term
approaches a target value, wherein the target value is infinity, zero, negative-infinity, or a

fixed value.
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8. The non-transitory computer-readable storage mediaum of daim 16, wherein
adjusting the error function further comprises adjusting one or more weights assodiated
with one or more of the blendshapes, wherein the one or more weights associated with a
respective blendshape correspond with a probability of activation for the respective

blendshape.

19. The non-transitory computer-readable storage medium of daim 15, wherein
calculating the plurality of blendshapes for the motion capture data further comprises:

computing the plurality of blendshapes in a forward time direction to produce a
forward time result;

computing the plurality of blendshapes in a reverse time direction to produce a
reverse time result; and

adjusting one or more weights associated with one or more of the plurality of
blendshapes based on a correlation between the forward time result and the reverse time

result.

20. The non-transitory computer-readable storage medium of claim 15, further
comprising executable instructions for animating the second subject by associating one or
more of the blendshapes with the second subject when if is determined that the plurality of

blendshapes can be used to retarget the second subject.

21 A method for retargeting from an image or sequence of images, the method
comprising the step of evaluating an error function, the exvor funchion comprising a
weighted combination of a plurality of shape primitives, wherein at least one of the plurality

of shape primitives is based on a physiological characteristic of a subject of the image.

22. The method for retargeting from an image or sequence of images, as claimed in
claim 21 wherein the method further comprising the steps of:
obtaining a body surface using marker points from the body surface of a subject of

the image; and
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generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.

23 The method for retargeting from an image or sequence of images as claimed in
claim 22 further comprising the step of adjusting the value of the energy equation towards a

target value.

24. The method for refargeting from an image or sequence of images as claimed in
any one of claims 21 fo 23 further comprising the step of adjusting the value of the error

function towards a target value.

25. The method for retargeting from an image or sequence of images as claimed in
geung £ q 2

any one of claims 21 to 24 wherein the method retargets from the image to an animation.

26. The method for retargeting from an image or sequence of images as claimed in
any one of caims 21 fo 25 further comprising assodating the shape primitives to a target
animation; wherein at least one of the plurality of shape primitives is associated with the

target animation.

27. The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 26 wherein the retargeting is for use in animation of a body or part

thereof.

28. The method for retargeting from an image or sequence of images as claimed in
te) b & C

any one of claims 21 to 27 wherein the refargeting is for use in facial animation.

29, The method for retargeting from an image or sequence of images as claimed in

any one of claims 21 to 28 wherein regularization is used for retargeting animation.
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30. The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 29 wherein the physiological characteristic is a musde or collection of
muscles.

31 The method for refargeting from an image or sequence of images as claimed in
any one of claims 21 to 29 wherein the physiological characteristic is an observable feature of

the image, animation and/or sequenae of images.

32. The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 31 wherein the weighting of at least one of the plurality of shape

primitives is based on a probability of activation of the shape primitive.

33. The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 31 wherein the weighting of a phlurality of the shape primitives is

based on their relative probability of activation.

34. The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 31 wherein the weighted combination has a control factor.

35. The method for refargeting from an image or sequence of images as claimed in
any one of daims 21 to 34 wherein the method comprises the step of solving the error

function with a non-linear solver.

36. The method for retargeting from an image or sequence of images as claimed in

any one of claims 21 to 35 wherein the shape primitives are basis shapes or action units.

37. The method for retargeting from an image or sequence of images as claimed in

any one of daims 21 to 36 wherein the weights are adjusted to depend on a previous

animation.
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38, The method for retargeting from an image or sequence of images as claimed in
any one of claims 21 to 37 wherein the weights comprise an activation threshold which

restricts activation.

39. The method for refargeting from an image or sequence of images as claimed in
any one of claims 21 to 38 wherein the activation threshold is based, in part, on prior action

of the activation.

40, The method for retargeting from an image or sequence of images as claimed in

any one of claims 21 to 39 wherein the weights are adjusted to have a temporal dependence.

41. The method for retargeting from an image or sequence of images as claimed in
claim 40 wherein the method inchudes the step of updating the temporal dependence of one

or more of the plurality of weights.

42, The method for retargeting from an image or sequence of images as claimed in
claim 40 or claim 41 wherein the temporal dependence is expressed as a response curve or

equation.

43. The method for refargeting from an image or sequence of images as claimed in
any one of claims 19 to 42 wherein the femporal dependence comprises a restricted rate of

change of the shape primitives.

44. The method for retargeting from an image or sequence of images as claimed in

claim 43 wherein the rate of change is calculated from experimental data.

45. The method for retargeting from an image or sequence of images as claimed in
any one of claims 40 to 44 wherein the temporal dependence comprises a difference between

the proposed weight and the running average of a weight.
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46, The method for retargeting from an image or sequence of images as claimed in

any one of claims 21 to 45 wherein the image is one of a plurality from a motion capture.

47. The method for retargeting from an image or sequence of images as claimed in
te) b & C

any one of claims 21 {o 46 wherein the image includes a human or a portion of a human.

43, The method for retargeting from an image or sequence of images as claimed in
& > ) 1 &

any one of claims 21 to 47 wherein the image includes a human face.

49. The method for refargeting from an image or sequence of images as claimed in

any one of claims 21 to 48 wherein the shape primitives are blendshapes.

50. A method for retargeting from an bmage or a sequence of images, the method
comprising the step of evaluating an error function, the error function comprising a
weighted combination of a plurality of shape primitives; wherein at least one of the
weighted combinations comprises a non-linear combination of a plurality of shape
primitives.
51. The method for retargeting from an image or sequence of images, as claimed in
claim 50 wherein the method further comprising the steps of:

obtaining a body sutrface using marker points from the body surface of a subject of
the image; and

generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.
52. The method for retargeting from an image or sequence of images as claimed in

claim 51 further comprising the step of substantially optimizing the value of the energy

equation.
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53. The method for retargeting from an image or sequence of images as claimed in
any one of claims 50 to 52 further comprising the step of substantially optimizing the value

of the error function.

54. The method for retargeting from an tmage or sequence of images as claimed any
one of claims 50 to 52 further comprising the step of adjusting the value of the error function

towards a target value.

55, The method for retargeting from an image or sequence of images as claimed in
any one of claims 50 to 55 wherein the non-finear combination uses an algebraic expansion
of the weighted combination function.

56. The method for retargeting from an image or sequence of images as claimed in

claim 55 wherein the expansion is a Taylor expansion.

57, The method for retargeting from an image or sequence of images as claimed in

any one of claims 50 to 56 wherein the non-linear combination uses HDMR shape primitives.

58, The method for retargeting from an image or sequence of images as claimed in
any one of claims 51 to 57 wherein a covariance between shape primifives is stored or
calculated in the model and at least one pair or set of opposing action uniis are defined as

having substantially zero covariance.

59. The method for retargeting from an image or sequence of images as claimed in

any one of claims 50 to 57 wherein the shape primitives are blendshapes.

6. A system for retargeting from an irmage or sequence of bmages, the system
comprising:
at least one image capture device, the at least one image capturing device

capturing an image or a sequence of images;
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a processor programuned to track a plurality of markers in the captured image or
sequence of images and programmed fo determining a corresponding phurality of shape
primitives, wherein the processor is programmed to evaluate an error function, the error
function comprising a weighted combination of a plurality of shape primitives, at least one
of the plurality of shape primitives based on a physiclogical characteristic of the animation
and the processor is further programumed to transmit the shape primitives to an animation

generator.

61. The system for retargeting from an image or sequence of images, as claimed in
claim 60 wherein the processor is further programmed to:

obtaining a body surface using marker points from the body surface of a subject of

the image; and

generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.

62. The system for retargeting from an image or sequence of images, as claimed in
claim 61 wherein the processor is further programmed to substantially optimize the value of

the energy equatiorn.

63. A system for retargeting from an image or sequence of images as claimed in any

one of claims 60 to 62 wherein the shape primitives are blendshapes.

64. A method of retargeting from an image fo an animation, the method comprising
the steps of:

obtaining a body surface using marker points from the body surface; and

generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.
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5. The method of retargeting from an image to an animation as claimed in claim 64

wherein the method substantially optimizes the value of the energy equation.

66. The method of retargeting from an image to an animation as claimed in daim 656

wherein the method adjusts the value of the energy equation towards a target value.

67. The method of retargeting from an image to an animation as claimed in any one

of claims 64 to 66 wherein the body surface positions are shape primitives or FACS.

68, The method of retargeting from an image to an anitmation as claimed in any one

of claims 64 to 67 wherein the body surface comprises a facial surface.

69. The method of retargeting from an image to an animation as cdaimed in any one

of claims 64 to 68 wherein the marker points comprise key points of the body surface.

70. The method of retargeting from an image to an animation as claimed in any one

of claims 64 {0 69 wherein the marker points are markerless.

71 The method of retargeting from an image to an animation as claimed in any one
of claims 64 {o 70 wherein the energy equation is a weighted combination of body shape

positions.

72. A method of providing animation {o a target model from a base model, the
method comprising the steps of:

receiving a motion sequence of a base modei;

associating the motion sequence of the base model with one or more corresponding
action units from of a plurality of action units; and

determining a transformation for morphing the target model to replicate or

reproduce the motion sequence of the base model or a portion thereof,
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wherein the association comprises evaluation of an error function comprising a weighted
combination of action units and wherein each action unit is based on a physiological

characterization of the base model.

73. A method for identifying expressions associated to emotion m an image or
sequence of images, the method comprising the steps of:

identifying a plurality of shape primitives associated with at least one face associated
with the image or sequence of images;

evaluating an error function, the error function comprising a weighted combination
of the plurality of shape primitives; and

relating at least one of the plurality of shape primitives to at least one of a plurality of
expressions the plurality of expressions being associated with an emotion or a combination

of emotions.

74. The method for identifying expressions associated to emotion in an image or
sequence of images, as claimed in daim 73 the method further comprising the steps of:
obtaining a face surface using marker points from the face surface assodated with
the image; and
generating a representation of the face surface by reference to a group of known face
surface positions; wherein the representation is obtained by applying a weight to at least one
of the plurality of known body surface positions,

wherein the representation is generated from a physiclogical based energy equation.

75. The method for identifying expressions associated to emotion in an image or
sequence of images, as cdaimed daim 73 or daim 74 further comprising the step of

substantially optimizing the value of the energy equation.

76. The method for identifying expressions associated to emotion in an image or
sequence of images as daimed in any one of daims 73 to 75 further comprising the step of

substantially optimizing the value of the error function.
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77. The method for identifying expressions associated to emotion in an image or
sequence of images as claimed in any one of claims 73 {o 76 wherein the shape primitives

comprise emotion action units.

73. The method for identifying expressions associated to emotion in an image or
sequence of images as claimed in in any one of claims 73 to 76 wherein the shape primitives

comprise FACs.

79. The method for identifying expressions associated to emotion in an image or
sequence of images as claimed in any one of claims 73 to 78 wherein the method further

comprises the step of identifying the at least one face.

a0. The method for identifying expressions associated to emwotion in an image or
sequence of images as claimed in daim 79 wherein the face is identified using facial fidudal

points.

81 The method for identifying expressions associated to emotion in an image or
sequence of images as claimed in any one of claims 73 to 80 wherein the shape primitives are

blendshapes.

B2. A method for identifying subject characteristics in an image or sequence of
images, the method comprising the steps of:
identifying a plurality of shape primitives associated with a subject of the image;
evaluating an error function, the error function comprising a weighted combination
of the plurality of shape primitives; and

relating at least one of the plurality of shape primitives to a subject characteristic.

&3. The method for identifying subject characteristics in an image or sequence of
images, as cdaimed in claim 82 wherein the method turther comprising the steps of:
obtaining a body surface using marker points from the body surface of the subject of

the image; and
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generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.

84, The method for identifying subject characteristics in an image or sequence of
images as clatmed in any one of claims 82 to 83 further comprising the steps of substantially

optimizing the value of the energy equation.

85. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of claims 82 to 84 further comprising the steps of optimizing

the value of the error function.

36. The method for identifying subject characteristics in an image or sequence of
images as claimed in claim 85 further comprising the steps of substaniially minimizing the

error function.

87. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of claims 82 to 86 wherein at least one of the plurality of shape

primitives is based on a physiological characteristic of the subject of the image.

88. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of claims 82 o 87 wherein the subject characteristics comprise

expressions.

89. The method for identifying subject characteristics in an image or sequence of
images as claimed in claim 88 wherein the expressions are associated with, or indicative of,

emotion.

L
)
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90. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of claims 82 {0 89 further including the step of identifying
& 3 { ying

features on the image.

91. The method for identifying subject characteristics in an image or sequence of

images as claimed in claim 90 wherein the features are associated with shape primitives.

92. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of claims 82 to 91 further including the step of associating the

shape primitives with a set of characteristics.

93. The method for identifying subject characteristics in an image or sequence of
ying T )
images as daimed in cdaim 92 wherein associating the shape primitives with a set of

characteristics uses a look-up table.

94, The method for identifying subject characteristics in an image or sequence of
images as claimed in daim 92 wherein associating the shape primitives with a set of

characteristics minimizes an error function comprising a weighted combination of emotions.

95. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of daims 82 {o 94 wherein the error function comprises a

combination of error functions.

96. The method for identifying subject characteristics in an image or sequence of
images as claimed in claim 95 wherein the plurality of error functions relate to physiological

characteristics.

97. The method for identifying subject characteristics in an image or sequence of
images as claimed in any one of daims 82 {o 96 wherein the shape primitives are

blendshapes.
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98, A method of retargeting from an image or sequence of images, the method
comprising the step of evaluating an error function, the error function comprising at least
one term associated with a physiological characteristic of the subject of the image or

sequence of images.

99, The method of retargeting from an image or sequence of images, as claimed in
claim 98 wherein the method further comprising the steps of:

obtaining a body surface using marker points from the body surface of the subject of
the image; and

generating a representation of the body surface by reference to a group of known
body surface positions; wherein the representation is obtained by applying a weight to at
least one of the plurality of known body surface positions,

wherein the representation is generated from a physiological based energy equation.

100, The method of retargeting from an image or sequence of images as daimed in
claim 98 further comprising the step of substantially optimizing the value of the energy

equation.

101 A method of retargeting from an image or sequence of images as claimed in any
one of daims 98 {o 100 further comprising the step of optimizing the value of the error

function.

102. The method for retargeting from an image or sequence of images as claimed in in
any one of claims 98 to 101 further comprising the step of adjusting the value of the error

function towards a target value.
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Box lil: Lack of Unity

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group : Claims 1-20 are drawn to calculating blendshpaes for the motion capture data containing markers distributed on the surface of
the first surface and generating a new animation by applying the determined blendshapes of the second subject using the error function.

Group |I: Claims 21-24, 50-54, 60-63, 82-84, and 98-101 are drawn to evaluating an error function by using a weighted combination of -
shape primitives containing a physiological characteristic of a subject of the image/animation.

Group lli: Claims 64-67 are drawn to generating a representation of the body surface using marker points and a physiological based
energy equation.

Group IV: Claim 72 is drawn to determining a transformation for morphing a target mode! to reproduce the received based model, which .
is associated with an evaluation function containing weight combination of action unit units.

Group V: Claims 73-75 are drawn to relating shape primitives to expressions associated with an emotion of face in an image.

The inventions listed as Groups [ through V do not relate to a single general inventive concept under PCT Rule 13.1 because under PCT
Rule 13.2 they lack the same or corresponding technical features for the following reasons:

The special technical feature of Group | is calculating blendshpaes for the motion capture data containing markers distributed on the
surface of the first surface and generating a new animation by applying the determined blendshapes of the second subject using the
error function, not required in any other group.

The special technical feature of Group Il is evaluating an error function by using a weighted combination of shape primitives containing a
physiological characteristic of a subject of the image/animation, not required in any other group.

The special technical feature of Group Il} is generating a representation of the body surface using marker points and a physiological
based energy equation, not required in any other group.

The special technical feature of Group IV is determining a transformation for morphing a target model to reproduce the received based
model, which is associated with an evaluation function containing weight combination of action unit units, not required in any other
group.

The special technical feature of Group V is relating shape primitives to expressions associated with an emotion of face in an image, not
required in any other group.

Common Features:

Groups | through Il share a common technical feature of images/sequence of images/animation, a subject/body surface and markers.
However, these shared technical features do not represent a contribution over the prior art:

US 2015/0169938 A1 (Yao et al.) (hereinafter Yao)18 June 2015 (18.06.2015)

Yao teaches images/sequence of images/animation images/sequence of images/animation (e.g. a blend-shape animation framework,
para [0061};e.g. Video of facial images are captured, para [0064]), a subject/body surface (e.g. group of subjects with different face
shapes, para [0050)), and markers (e.g. facial landmarks ...high-quality marker-based, para [0049]).

Groups | through V share a common technical feature of images/sequence of images/animation, a weight, and image retargeting.
However, these shared technical features do not represent a contribution over Yao.

Yao teaches images/sequence of images/animation (e.g. a blend-shape animation framework, para [0061];e.g. Video of facial images
are captured, para [0064]); a weight (e.g.applying an importance driven filter comprises wsighting positions of the landmark points in the
first video frame with a first weighting factor and weighting positions of the landmark points, para [0078]); and image retargeting (e.g.
the facial retargeting, para [0063)-{0064]).

Groups |, II, IV, and V share a common technical feature of images/sequence of images/animation, and the error function comprising a
weighted combination. However, these shared technical features do not represent a contribution over Yao.

Yao teaches images/sequence of images/animation (e.g. a blend-shape animation framework, para [0061];e.g. Video of facial images
are captured, para [0064])), and the error funclion comprising a weighted combination (e.g. the errors of facial landmark points
correlated with the fern, para [0043); e.g.applying an importance driven filter comprises weighting positions of the landmark points in the
first video frame with a first weighting factor and weighting positions of the landmark points, para [0078]).

-Continuation in extra sheet-
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Groups | and Ill share a common technical feature of images/sequence of images/animation, body surface, markers, and a weight.
However, these shared technical features do not represent a contribution over Yao.

Yao teaches images/sequence of images/animation (e.g. a blend-shape animation framework, para [0061];e.g. Video of facial images
are captured, para [0064}); body surface( e.g. group of subjects with different face shapes, para [0050]); and markers (e.g. facial
landmarks ...high-quality marker-based, para [0049]); and a weight (e.g.applying an importance driven filter comprises weighting
positions of the landmark points in the first video frame with a first weighting factor and weighting positions of the landmark points, para
[0078]).

Groups Il, and V share a common technical feature of identifying a plurality of shape primitives and evaluating an error function, the error
function comprising a weighted combination of the plurality of shape primitives. However, these shared technical features do not
represent a contribution over Yao.

Yao teaches identifying a plurality of shape primitives (e.g. facial shape increments in each primitive regressor, para [0037]); and
evaluating an error function, the error function comprising a weighted combination of the plurality of shape primitives (e.g. the estimated
facial shape increment mainly contains the errors of facial landmark points correlated with the fern, para [0043); e.g.applying an
importance driven filter comprises weighting positions of the landmark points in the first video frame with a first weighting factor and
weighting positions of the landmark points, para [0078]).

Groups I, lil, and IV share a common technical feature of a physiological equation/characteristic. However, these shared technical
features do not represent a contribution over Yao in view of US 6,967,658 B2 (Hunter et al.) (hereinafter Hunter) 22 November 2005
(22.11.2005).

Yao fails to teach a physiological equation/characteristic. However, Hunter, in an analogous art, teaches physiological
equation/characteristic (e.g. a physiologically based mathematical model of a face...facial expressions, col. 4, In 1-5). It would have been
obvious to one of ordinary skill in the art to have modified the system of Yao in view of Hunter by including a physiological
equation/characteristic as taught by Hunter because the modification would compute various facial expressions or deformations based
upon input stimuli to the various physiological struc tures such as muscles, nerves, and joints (col. 4, In 3-5).

Therefore, Groups |-V lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

