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REAL-TIME GENERATION OF SPEECH ANIMATION
TECHNICAL FIELD
[0001]  Embodiments of the invention relate to real-time generation of speech animation.
BACKGROUND ART

[0002] Computer facial animation techniques for animating speech include procedural, data-driven, or

performance-capture based techniques.

[0003]  Each sentence in a corpus (collection of text) may be represented as a sequence of phonemes
(units of distinct speech/sound) and as a sequence of visemes (the visual equivalent of phonemes showing
the phonemes being pronounced). Procedural speech animation includes rules or look-up tables which
convert phonemes to visemes. Online real-time generation of 3D animation curves for speech may be
performed by looking up animation sequences of visemes using phonemes. Such approaches are limited by
the small set of animation sequences, as robotic, unrealistic, and repetitive animations are frequently

observed especially at the transitions of the visemes.

[0004]  Data-driven (statistical) methods stitch snippets of facial animation data from a large corpus, to
match an input speech track. Facial dynamics are captured by multi-dimensional morphable models, hidden
Markov models, and active appearance models (AAM). The quality of data-driven approaches is often

limited by the data available. Statistical models drive the face directly, taking control away from an animator.

[0005]  Performance-capture based speech animation transfers acquired motion data from a human
performer onto a digital face model. One approach uses a pre-captured database to correct performance
capture with a deep neural network trained to extract phoneme probabilities from audio input in real time.
Training such models requires large datasets of hand-crafted animation sequences or performances. The
resulting models are often complex, making the playback and inference difficult to achieve in real time.

Animation quality is limited by the captured actor's abilities as it is difficult for an animator to refine.

[0006]  Prior speech animation techniques also fail to adequately accommodate the combination of speech

animation with emotional expression animation.
OBJECTS OF THE INVENTION

[0007]  Itis an object of the present invention to improve real-time generation of speech animation or to

at least provide the public or industry with a useful choice.
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SUMMARY

[0008] In an aspect, the present disclosure provides a method for animating a communicative utterance
(e.g. speech) comprising: receiving a String to be animated, the String comprising a plurality of
communicative utterance atoms; receiving a plurality of Collections, each Collection including a plurality of
Items comprising unique atom strings, each Collection storing Items of different lengths, wherein at least
one of the Items is based on an occurrence of acoustic silence before or after a particular communicative
utterance atom; and each Item including at least one Animation Snippet of the Item; hierarchically searching
the Collections for Items matching substrings of the String; retrieving Animation Snippets for matched Items
to cover communicative utterance atoms; and combining the retrieved Animation Snippets to animate the

String.

[0009] In an example, the present disclosure provides a method for animating speech comprising:
receiving: a String of phonemes to be animated; and a plurality of Animation Snippets comprising strings of
polyphones and part-phonemes configured to be concatenated at or about the most stable part of a phoneme;
searching for and retrieving Animation Snippets matching substrings of the String of phonemes to cover the

String of phonemes; and combining the retrieved Animation Snippets to animate the String.

[0010] In an example, the present disclosure provides a method for animating a phoneme in context
comprising: receiving: a Model Viseme ; and an Animation Snippet corresponding to a time series of
animation weights of the phoneme being pronounced in context; blending between the animation weights of

the Model Viseme and the animation weights of the Animation Snippet to animate the phoneme in context.

[0011] In an example, the present disclosure provides a method for expressive speech animation
including: receiving: a first animation input associated with muscle-based descriptor information; and a
second animation input associated with muscle-based descriptor information; using the first animation input
and the second animation input as arguments in a Output Weighting Function configured to map the
animation inputs to muscle-based descriptor weightings for animating the expressive speech animation,
wherein the Output Weighting Function is configured to reconcile muscle-based descriptor information from

the first and second animation inputs and; animating using the mapped muscle-based descriptor weightings.
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.BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows a flow diagram of a process

for generating speech animation;

Figure 2 shows a flow diagram of creating a

lookup table;

Figure 3 shows a flow diagram of a method of

animating speech;

Figure 4 shows text processing for construction

of the lookup table;

Figure 5 shows an example of matching
substrings from different Collections to a

sentence;
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Figure 6 shows a combination of retrieved
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Figure 11 shows an example of two overlapping

Gaussian curves;

Figure 5;
Figure 12 shows an animation system;

Figure 7 shows an example of matching

. ‘ . Figure 13 shows a table of animation priori
substrings from different Collections to a st W priority

values according to one embodiment;
sentence;

. o . Fi 14 sh table of multiplier val d
Figure 8 shows a combination of retrieved 1BUTe 17 SHOWS a table of MUTHpTer values use

L . . ) in the animation composer;
Animation Snippets to animate the String of P

Figure 7, Figure 15 shows viseme pose examples blended

. . with a happy expression with priority on speech;
Figure 9 shows viseme pose examples;

and
Figure 10 shows an example of a modified
. Figure 16 shows viseme pose examples blended
Gaussian;
with a concerned expression with priority on

speech.
DETAILED DESCRIPTION

[0012] As described under Part 1 “Hierarchical Look-Up & Polyphone Concatenation”, animation
sequences are played back from recorded performances to develop viseme sequences and populate a Lookup
Table. This introduces variation in the dynamics of the viseme transitions and incorporates personal styles.
The selection of recorded animation sequences is based on a computationally efficient concatenative unit-

selection model (using a hierarchical search algorithm).

[0013] Manually created or specifically selected (model) animation sequences of visemes may be
introduced at the onsets of phonemes (blended with the animation sequences obtained from the methods
described under part 1) to ensure the full development of visual cues for the purpose of lip-reading. This is
described in detail under Part 2, “Blending with Model Visemes”. The generated speech animation sequences
may be smoothed and blended to reduce visual artifacts. Part 3 explains how the methods disclosed under

Part 1 and Part 2 can be applied beyond animation of speech, to animation of gestures.

[0014]  Part 4 describes techniques for allowing facial expressions to be superimposed onto a speech
animation to introduce emotional variations to speech. An Output Weighting Function ensures that Speech

and Expression muscles are not expressed in a manner that conflicts.

[0015]  The techniques described herein may be used to animate speech of a virtual character or digital

entity, also known as an avatar, digital character, or autonomous agent.
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1. Hierarchical Look-Up & Polyphone Concatenation

Technical Problem

[0016]  Procedural speech animation and online real-time generation of 3D animation curves are limited
by small sets of animation sequences, as robotic, unrealistic, and repetitive animations are frequently

observed, especially at the transitions of the visemes.

[0017] A further challenge in animating speech is that humans co-articulate, in other words, visemes may
overlap and crowd each other out; complicating the speech's visual representation. Merely stitching together
viseme sequences does not capture the natural variation that occurs in speech as mouth movements may vary
according to their context (such as the preceding and/or subsequent visemes). lLe. the mouth shape
corresponding to a phoneme depends not only on the spoken phoneme itself, but on the phonemes spoken
before and/or after the instant phoneme. An animation method which does not account for coarticulation
effects would be perceived as artificial to an observer because mouth shapes may be used in conjunction with

a phoneme spoken in a context inconsistent with the use of those mouth shapes.

[0018]  Furthermore, prior speech animation techniques fail to explicitly model speech styles; i.e. a
continuum of viseme shapes manifested by intentional variations in speech, and/or person-dependent

speaking styles (akin to a visual accent).

Technical Solution

[0019] To realistically animate a String of speech (such as a sentence) a hierarchical search algorithm is
provided to search for stored examples (Animation Snippets) of sub-strings of the String, in decreasing order
of sub-string length, and stitch retrieved sub-strings together such that they complete the String of speech

animation.

[0020]  The sub-strings may be unique part-phoneme strings of polyphones and part (or half) phonemes.
Sub-strings may be concatenated at the mid-point of phonemes, which is generally the most stable part of a
phoneme (varying the least regardless of adjacent phonemes), increasing the chance of a smooth transition

between concatenated sub-strings.

Detailed Description

Model Creation
[0021] A phonetically rich corpus generates a densely populated Lookup Table with multiple examples
of Animation Snippets for each Item in the Lookup Table. Figure 2 shows a flow diagram for creating a
Lookup Table. At step 202, motion capture of a speech performance of a phoneme-rich corpus by an actor
is performed. The actor carries out the speech performance (e.g. reads a corpus) in a neutral facial expression.
Facial landmarks may be tracked during the speech performance. Fiducial landmarks that track movements
of facial muscles as one speaks may be identified and marked on the actor’s face, for example using a face

paint of bright colors. The fiducial landmarks preferably have good coverage of the face, especially in the
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mouth region, and good contrast against facial features of the actor in the video recordings. The fiducial

landmarks may be tracked manually or automatically in every frame of the video recordings.

[0022] Step 204 comprises automated phoneme labelling of the speech performance with timestamps,
such as by natural language processing which generates contextual information of the speech, for example,
prosody and part-of-speech tags. Step 206 comprises facial retargeting of a 3D blendshape rig onto the
speech performance to generate a time series of blendshape weights. The movements of the facial fiducial
landmarks are retargeted onto FACS action units (AUs). An image regularization and retargeting system as
described in W02017044499A1 (owned by the present applicant & incorporated by reference herein) may
be used for retargeting the facial performance when creating data for the concatenation model. Step 208

comprises the creation of a Lookup Table that stores time series of the facial blendshape weights.

Lookup Table creation

[0023]  The Lookup Table of a speech animation model is hierarchically organized, constructed based on
phonemes, syllables, words and sentences in the corpus. Such information may be acquired from text
processing modules, comprising of tokeniser, text normalisation, part-of-speech tagger and phonemisation.
In one embodiment, the Lookup Table includes nine Collections of Items, namely, left halfpho, right halfpho,
dipho, sentence-boundary dipho, vowel-centered tripho, consonant-centered tripho, sentence-boundary
tripho, syllable, and word Collections. In each Collection of the Lookup Table, there may be one or more
Items that fit the description of the Collection. Items in the Lookup Table may be part (e.g. half) phoneme
Strings.

[0024]  Diphone concatenation systems feature in speech synthesis: A phoneme may be split into the left
and right half phonemes (halfphos). A diphone (or dipho) is an acoustic unit which extends from the middle
of one phoneme to the middle of the next phoneme (i.e. composed of a right halfpho (half phoneme) at the
front and a left halfpho at the back, including the transition between each part (or half) phoneme. Synthesis
using concatenation of diphones provides good voice quality since each diphone is concatenated with
adjoining diphones where the beginning and the ending phonemes have reached steady state, and since each
diphone records the actual transition from phoneme to phoneme. In a similar manner, in speech animation,
to map viseme images to a diphone, a “diseme” comprising a series of images which dynamically depict lip,
teeth and tongue positioning to captures the transition between two visemes. A diseme (like a diphone)

begins somewhere during one viseme (phone) and ends somewhere during a following viseme (phone).

[0025] An example illustrating the decomposing of a sentence into Items categorized by Collections
including polyphones, and half-phonemes, is given in Figure 4. Figure 4 shows text processing of a sentence
“Author of the danger trail Phillip Steels et cetera”, for adding Animation Snippets to a Lookup Table. When
constructing a Lookup Table, each sentence in the corpus undergoes speech analysis to reveal the sequence
of phonemes involved in producing the sound of that sentence. The sequence of phonemes is searched

exhaustively to provide example Animation Snippets for each collection of Lookup Table Items. The Items
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in each collection of the Lookup Table may contain none, one, or multiple examples of Animation Snippets,

sorted according to their duration.

[0026] In one embodiment, Collections comprise Items of different polyphone units. Polyphones
comprise groups of two (diphones), three (triphones) or more phones and may be stored by segmenting the
desired groupings of phones at stable regions (generally mid-phoneme). Thus, by treating polyphones as the
basic subunits, the transition between two adjacent phones is preserved in the recorded subunits, and the
concatenation is carried out between similar speech poses. Thus, the first and last phonemes of Animation
Snippets in the Lookup Table are right and left halfphos, respectively as Animation Snippets from different
time points are blended at or about the mid-points of phonemes. The transition from one phoneme to another
is obtained from a continuous piece of Animation Snippets to ensure the smooth flow of the generated

animation.

[0027] The word Collection contains Animation Snippets for words of more than one syllable. The
example sentence “Author of the danger trail Philip Steels et cetera.” had four words with more than one
syllable. The Animation Snippets of these words are distinct Lookup Table Items in the word collection.
Repeating words and words with the same pronunciation, absent in this example, would go into the same
lookup Item as different examples. A Syllable is a unit of pronunciation that includes one or more phonemes,
but only one of them is a vowel. The Syllable Collection contains Animation Snippets for syllables and

words of a single syllable.

[0028]  The example sentence of Figure 4 has five words of a single syllable. The Animation Snippets of
these words are distinct / separate Lookup Table Items in the syllable collection. Words with multiple
syllables are also broken into syllables to provide example Animation Snippets for syllable lookup Items.
For example, word “author” is broken into syllables “O” and “D @”. Each of these syllables went into a
different lookup Item. Syllables with the same pronunciation would go into the same lookup Item as different

examples.

[0029] A Tripho is unit of sound composed of a right halfpho at the front, a whole phoneme in the middle,
and a right halfpho at the back. The Vowel-centered tripho collection contains Animation Snippets for all
the triphos with the central phoneme being a vowel. The sequence of phonemes in the example sentence is
searched exhaustively for vowel centered triphos. The first vowel-centered tripho “/D @ O/” in the example
sentence with phonemes had the vowel phoneme “@” from the word “author”. The phonemes before and
after “@” are “D” from the word “author” and “O” from the word “of”’, respectively. The Consonant-centered
tripho collection contains Animation Snippets for all the triphos with the central phoneme being a consonant.
A sentence-boundary tripho collection contains Animation Snippets for the triphos at the beginning or the
end of the sentences. In this collection, the silence before or after a silence is considered as a halfpho. There
are two sentence-boundary tripho in each sentence and it comes from the first and the last phonemes in the

sentence. In the example sentence, they are /O T/ from the word “author” and /r @/ from the word “cetera”.
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Since the silence before or after a sentence is also considered as a halfpho in this collection, the /O T/ example

included the right half of the silence before the sentence, the whole of the phoneme /O/, and the left halfpho
of /T/. Similarly, the /r @/ example included the right halfpho of /r/, the whole of the phoneme /@/, and the
left half of the silence after the sentence.

[0030] The dipho Collection contains Animation Snippets for all the diphos. A sentence-boundary dipho
collection contains Animation Snippets at the beginning or the end of a sentence. In this collection, the
silence before and after a silence is considered as a halfpho. Hence, this collection contains Animation
Snippets for the first halfphos at the beginning of the sentences and those for the last right halfphos at the
end of the sentences. There are two sentence-boundary diphos in each sentence and they come from the first
and the last phonemes in the sentence. In the example sentence, the first sentence-boundary dipho is the left
half of the silence before the sentence, the right halfpho /O/ from the word “author”. The second sentence-
boundary dipho is the right halfpho /@/ from the word “cetera” and the left half of the silence after the

sentence.

[0031] The Left halfpho Collection contains Animation Snippets for all the left halfphos and the right
halfpho Collection contains Animation Snippets for all the right halfphos.

[0032] The categorization of Collections described above is only one possible categorization; in other
embodiments, Collections may include less granular Collections such as a sentence Collection, or multi-word

Collections.

Real-Time generation of animation:
[0033] Figure 3 shows a flow diagram of a method of animating speech. At step 302, phoneme
timestamps and contextual information of input sentences are generated. Contextual information includes
pitch, stress, syllable and word information etc. At step 304, time series of the facial blendshape weights are
concatenated, selected based on the information provided in step 302, to form a piece of continuous ‘data-
driven’ speech animation as explained under “Generation of speech animation”. At step 306, phonemes
related to distinctive mouth shapes (e.g. p, b, m, f, w.) are blended with manually posed viseme examples for
better visual cues (as described in further detail in part 2 “Blending with Model Visemes™). At step 308, the
animation is smoothed and blended. At step 310, the speech animation is modulated based on energy. At

step 312, the animation is played back, synchronized to the audio.

Generation of speech animation
[0034] A sequence of phonemes is generated by the speech analysis software after receiving the text to
be converted to speech. The selection of the Animation Snippets from the Lookup Table is performed using
a hierarchical algorithm. Larger continuous pieces of Animation Snippet are used whenever possible. The
search of a Collection in the Lookup Table is exhaustive, and only goes to the next Collection down in the

hierarchy when no additional matches can be found.
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[0035]  Figure 5 and Figure 7 show examples of Animation Snippet concatenation, from a Lookup Table

constructed using a corpus of 1231 sentences.

[0036]  Figure 7 shows the sentence “And we will go meet her Wednesday at the train station.” At 702,
the Word Collection of the Lookup Table is searched for matching words. Words of more than one syllable
are identified in the example sentences. The words “wednesday” and “station” are present in the corpus and
their corresponding Animation Snippets are selected. Blending is performed at the first and last half-
phonemes of these Animation Snippets. At 704, the Syllable Collection of the Lookup Table is searched for
the syllables other than the syllables already covered by the words which were found at step 702. Words of
a single syllable and individual syllables from multi-syllable words undergo the hierarchical search process.
The matching syllables are listed in the “Syllable” row of the diagram. At 706 the vowel-centered tripho
collection is searched. Matching Animation Snippets were found for most of the phonemes using the word
and syllable collections, however, a match could not be located for the word “train” (/t r EI n/) in the syllable
collection. Hence, the search hierarchy continued to the vowel-centered tripho collection and found an
example for /r EI n/. Out of the remaining halfphos that do not have Animation Snippets selected in the
example sentences, a matching consonant-centered tripho 708 sequence /@ s d/ is found. No matching
examples in the sentence-boundary tripho collection are retrieved because the animation for the right halfpho

of the first and the left halfpho for the last phoneme of the sentences are already allocated.

[0037] The gap between each pair of two consecutive syllables, including the right half of the last
phoneme of the syllable in the front and the left half of the first phoneme of the syllable at the back, is
populated by matching Animation Snippets in the dipho 710 collection. The first and the last halfphos of the
two example sentences are populated by the matching Animation Snippets in the sentence-boundary dipho
collection. When there is not any gap left in the two example sentence, the hierarchical search is complete.
Search in the left and right halfpho collections is not required because all the gaps are fully populated with

Animation Snippets from Collections higher in the category.

Selection of Animation Snippets
[0038] The recording index, start time, and end time in the recording of the speech performance is
recorded for each Animation Snippet in the Lookup Table. When two or more Animation Snippets are
present for a given Item being queried, an Animation Snippet may be retrieved in any suitable manner. In
one embodiment, an Animation Snippet is retrieved at random. In another embodiment, the Animation
Snippet which has the closest duration (end time minus start time) to a corresponding speech snippet. The
Animation Snippet may be selected based on speech features, or contextual information of the input sentences
to be generated. Contextual information may include pitch, stress, syllable and word information etc. In one
embodiment selection of the Animation Snippet may be pseudorandomized such that matches the duration
of a corresponding speech snippet within a range, but does not deterministically return the same (i.e. the

closest) Animation Snippet given a certain corresponding speech snippet length.
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[0039] Source (associated Animation Snippet recordings) speech and target (synthesised) speech will in

most cases, have different audio durations. The source animation are therefore stretched (or compressed) to
fit inside the target audio duration. This stretching (or compression) may be done using a piecewise
polynomial interpolation where the phoneme boundaries on the source animation are transformed to match

the target audio.

[0040] In one embodiment, Animation Snippets are associated with the original speech and/or other
sound/audio which they depict. This may be achieved, for example, by capturing audio along with video as
an actor carries out a speech performance, as described at step step 202. High quality microphone booms
may be positioned about the actor in a manner that does block the camera or cameras from recording actor
mouth movements. Alternatively, and/or additionally, an entire image/video capture apparatus may be in a
sound-proof room configured for audio recording. Thus, Animation Snippets may be stored as a combination
of visual and audio information that is concatenated, or Animation Snippets may be associated with their

corresponding source audio information.

[0041] A Viterbi-based dynamic programming can also be applied to jointly minimize the target cost and
join cost. The target cost in this case can be defined as the difference in phoneme duration, energy and pitch
etc. between source (collection) and target (synthesised) speech. The join cost is the sum of muscle channel

differences when concatenating two phonemes.

2. Blending with Model Visemes
Technical Problem

[0042]  Some procedural models of speech animation may include realistic co-articulation schemes, for
example, a dominance model that uses dominance functions that overlap; giving values indicating how close
a given viseme reaches its target shape given its neighbourhood of phonemes. However, the dominance
model fails to adequality ensure lip closure of bilabials (/m b p/) and proper depiction of certain other

phonemes.

Technical Solution

[0043]  In one embodiment, real-time generation of speech animation uses model visemes to predict the
animation sequences at onsets of visemes and a look-up table based (data-driven) algorithm to predict the
dynamics at transitions of visemes. Specifically posed Model Visemes may be blended with speech
animation generated using another method (such as that described under part 1 “Hierarchical Look-Up &
Polyphone Concatenation™) at corresponding time points in the animation when the visemes are to be

expressed.
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Detailed Description

Model Visemes
[0044]  Visual examples of one or more phonemes, aka visemes may be manually posed or deliberately
selected as model visual examples realistically showing the visemes at their onset (henceforth “Model
Visemes”). Model Visemes may be Lip-Readable Visemes created for phonemes relating to distinctive
mouth shapes, and may assist in portraying the full development of visual cues for the purpose of lip-reading.
Static poses of visemes may be manually created by an experienced artist by altering the expression weights
for a single frame. Figure 9 shows viseme pose examples (left to right): neutral, phoneme /m/, phoneme /f/,

phoneme /w/.

[0045] A static pose of viseme may be manually created by an experienced artist by altering the
expression (FACS) weights or by scanning the actual subject and adding as an incremental combination
blendshape in a blendshape model. In one embodiment, visemes are created for phonemes that require the
lips or teeth pressed together, for example, /b/, /p/, /m/, /f/, and /v/; and phonemes that required the lips to
funnel, for example, /o/ and /w/. The level of activation of these snapshots over the duration of their
corresponding phonemes is described by a modified Gaussian function with a flat-top and a peak of 1 (full

activation).

[0046] The flat-top Gaussian function ensures that visual depiction of a phoneme is held at its full
activation for a certain duration (e.g. at least one frame) so that it is visible to the user. This modified Gaussian
function may be left skewed. This 1s to reflect the fact that the full activation of a viseme may happen at any
point during the sound. For example, the lips are fully pressed together before the sound of phoneme “b” or

p” is produced. The skewness and spread of the Gaussian are automatically adjusted based on the duration

of the current phoneme as well as the one before (to the left) and after (to the right) of the current phoneme.

Activation curve
[0047] The level of activation of these snapshots over the duration of their corresponding phonemes is
described by the modified Gaussian function with a flat-top (note this is different from a flat-top Gaussian
function) and a peak of 1 (full activation). The weights of the modified Gaussian function also serves as the
blending weights between the concatenated Animation Snippets and the manually posed snapshots of the
visemes. When the weight of the modified Gaussian function at a frame is 1, the expression weights for this
frame comes solely from the manually created snapshot of the corresponding viseme. When the weight of
the modified Gaussian function is 0, the expression weights comes solely from the concatenated Animation

Snippets.

[0048]  When multiple Gaussian functions overlap, a normalisation step is performed to adjust the
intensity of the lower priority shapes. This normalisation is performed based on the priority weights that the
user assigned to each phoneme. For example, when a viseme Gaussian curve from /b/ overlaps with

the viseme Gaussian curve for /o/, their strengths can be adjusted so that /b/ dominates the animation to
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maintain the closure of lips during uttering of /b/ phoneme. Figure 11 shows an example of two overlapping

Gaussian curves (a) before normalisation and (b) after normalisation. These parameters can be assigned

through experience or based on physiological and anatomical observations, such as the place of articulations.

[0049]  In one embodiment, animation is based on blendshapes of Muscle-Based Descriptors, such as
FACS AUs, and Model Visemes are blended with an animation sequence generated using the “Hierarchical
Look-Up & Polyphone Concatenation” technique described above. The resulting phoneme Gaussian curve
1s mapped onto FACS using mappings defined by the artist, and blended into the concatenated Animation
Snippets. The weights of the modified Gaussian function serve as the blending weights between the
concatenated animation snippets and the manually posed snapshots of the visemes. When the weight of the
modified Gaussian function at a frame is 1, the expression weights for this frame comes solely from the
manually created snapshot of the corresponding viseme. When the weight of the modified Gaussian function

is 0, the expression weights comes solely from the concatenated animation snippets.

[0050]  In a more general approach, a parameterised spline model that describes the lip shape at each

stage of the formation of a phoneme can be used in place of the modified Gaussian function.

Smoothing of concatenated animation

[0051] In one embodiment, the generated FACS animation undergoes a two-stage smoothing and
augmentation process. The first stage of smoothing operates on expression weights over the domain of
syllables. If additional smoothing is required, a second stage of smoothing operates on the expression weights

over the domain of sentences.

[0052] The first stage of smoothing uses a hierarchical filtering strategy, where a low-pass Butterworth
filter is applied to each syllable, then to each word, then to each phrase. At each level, the cutoff frequency
of the Butterworth filter is increased from the previous level. This ensures that higher smoothing is applied
to within a syllable compared to syllable boundaries, and similarly higher smoothing is applied to within a
word compared to word boundaries. In addition, the cutoff frequency of syllables and words are adjusted
based on the average duration of the compositing phonemes. This ensures that smoothness is maintained

independent to the rate of speech.

[0053]  The second stage of smoothing consists of a collection of standard animation cleaning up
operations, such as bounding the animation weights, fitting a spline curves to remove outliers, and apply
sigmoid windowing operation to ensure the mouth shape returned to a desired resting position after the speech
ends. In addition, the animation weights are further augmented based on the energy of the speech. For

example, louder speech will translate to larger movement for some animation channels such as jaw open.
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3. Generation of head and eyebrow animation through concatenation

[0054]  Head movements and eyebrow animations are generated in a similar manner as described under
“Hierarchical Look-Up & Polyphone Concatenation”. For head movement animation, tilt, pitch and yaw as
well as the shoulder translations are concatenated. For eyebrows animation, AUs related to eyebrows motion
(such as inner and outer brow raiser, brow lowerer etc.) are concatenated. However, different to lip sync

animation, the head and eyebrows animations operate on the phrase unit.
[0055]  The real-time generation of head and eyebrow animation involves the following steps:
1. Generation of sentence and word timestamps and contextual information of input sentences.

2. Concatenation of time series of the head rotation and translation, selected based on the information

provided in step 1.

3. Concatenation of time series of the eyebrow animation, selected based on the information

provided in step 1.
4. Smoothing and blending of the animation.
5. Adding emotions into the animation signals.
6. Playing back the animation synchronised to the audio.

Phrase collection

[0056]  The number of syllables in each of the phrases are collected to find matching animation snippets.
If multiple animation snippets are found, they are ranked based on the similarity of the stress syllable
positions within the phrase. If multiple phrases with matching stress syllable positions are found, they are
again ranked by the duration of the phrases. If no matching animation snippets are found on the input phrase,
the phrase is separated into sub-phrases at the word boundary of a conjunction word. If no conjunction word
is found, the system switches to match only the number of stresses in the phrase. If still no match is found,
the system will start breaking the phrase at the word boundary closest to the midpoint of the phrase (i.e.

binary fission).

Keywords collection

[0057] Certain keywords such as good, bad, yes and no etc. are often associated with particular head and
eyebrow movements (i.e. head nodding, head shaking and raised eyebrows etc.). If those keys words are
found within the phrase, animations on those words are replaced by the animation snippets found in this
collection. Once the animation is generated, the animation sequence is then filtered to smooth out the noise

and remove concatenation artifacts.
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Generation of tongue animation from example poses

[0058] Since it 1s difficult to motion capture tongue movements during normal speech, the tongue
animation is generated from manually created example poses for each phoneme. The example poses may be
blended with animation as described under “Blending with Model Visemes”. Similarly, the normalisation

weights may be derived based on the place of articulations for those phonemes.

4. Emotional Speech
Technical Problem

[0059] Prior approaches have pre-recorded several examples of speech animation taken in different
emotional states and produced emotional speech by selecting the speech animation with the desired emotion.
However, it is time-consuming to create such an animation model because the amount of speech that is
recorded would be multiplied by the number of emotional states which may be represented during speech.
This is unscalable and does not allow nuanced emotional states to be readily interspersed and integrated with
speech. Other approaches have segmented a face into a speaking region and an emotion-expressing regions
and controlled the regions separately to animate both emotion and speech. The result does not look natural

or realistic, as the full face may express emotion; and the muscles involved are not mutually exclusive.

Technical Solution

[0060] An Output Weighting Function is used to map Speech input and Expression input into Muscle-

Based Descriptor weightings.

Detailed Description

[0061] A Speech animation can be composited with Expression animations to form expressive speech
animations. Figure 12 shows an animation system. Under a simplified embodiment, an Animation Composer
1205 receives two animation inputs, including Speech animation and Expression animation. The Animation
Composer 1205 uses a Output Weighting Function to reconcile received animation inputs. For example,
whenever Speech animation is received simultaneously with Expression animation, animation channels
(Action Units) which are defined as being “speech dominated” are suppressed (or constrained, in other words,
inhibited on a weighted basis / downweighted), such that the output animation of those animation channels

are only or are principally affected by their respective inputs from the Speech animation engine.

[0062]  Expression animations can be generated in any suitable manner. In one embodiment, animations
are generated using a neurobehavioural model/virtual central nervous system modelling the internal
emotional state of the subject being animated. The use of a neurobehavioral model to animate a virtual object
or digital entity is further disclosed in WO2015016723A1, also assigned to the assignee of the present
invention, and is incorporated by reference herein. In another embodiment, animation may be provided
through the empathic mirroring of the subject during an interaction. Alternatively and/or additionally, a pre-

recorded animation of emotional or communicative expression may be provided. A combination of any
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suitable animation inputs as described above or otherwise may be provided. Expression animations may be

presented as a collection of time-varying FACS AU weights which are added to speech (lip synchronization)

animation.

Muscle-Based Descriptor Class Weighting

[0063]  In order to prevent Expression animations from interfering with Speech lip sync animations or
vice versa, two muscle-based descriptor classes are defined, namely Expression AUs and Speech AUs. Each
AUs are then assigned two class weightings (summing up to 1.0), determining the relative importance of
each AU in expressing different types of animation sequence (such as Speech sequences or Expression
sequences). In some embodiments, Muscle-Based Descriptor Class Weightings may be coefficients to

Speech and Expression animation inputs in the Output Weighting Function.

[0064]  In some embodiments, constraints can be applied, such that final muscles weights for animation
are constrained to less than or equal to one 1.e. Sum(AU)<=1. For example full activation of a smile
(activating the Zygomatic Major muscle AU12) combined with activation of the speech driven Zygomatic
Major AU12 may be activated by driving the final animation using the activations of both the emotion and
speech weightings, but constraining the final activation of the Zygomatic Major muscle to 1. For example,
a half smile (AU12 = 0.5), and speaking the word “sheep” (AU12 = 0.75) would result in Sum(AU12) =
0.5+0.75 = 1.25, which is constrained to 1.

Priority Weighting

[0065]  During animation composition, each Animation Input may have a priority value for each class
(also summing up to 1.0). This priority value can be thought of as the type of animation sequence that is
desired to be prioritized or portrayed more clearly. For example, when an animation is intended to show
speech in a clear and understandable manner, the Priority Weighting for Speech may be increased.
Conversely, when an animation is intended to show a digital character being emotional to an extent that it
impedes the digital character’s speech, the Priority Weighting for Expression or emotion may be greater than

that of speech, or at least increased.

Animation Composer
[0066]  The Animation Composer receives Priority Weightings and the Animation Composer determines
the multiplier which it uses to augment the input sequences. In one embodiment, functions are defined as

follows:
W= a; W+ a,. . w,
as =Ps + Pe . (¢s — Ce)

Ao =P +Ps - (Cc — C5)
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Wherein:
w, = input speech weight c. = Muscle-Based Descriptor Class Weighting
W, = input expression weight on expression
ps = Priority Weighting on speech a5 = an output multiplier on speech
p. = Priority Weighting on expression o, = an output multiplier on expression
¢s = Muscle-Based Descriptor Class Weighting and a; and a, are bounded between 0 and 1.

on speech (categorization weight)

[0067] Figure 13 shows the animation priorities of AU12, AU22 and AU26 (the lip corner puller, funneler
and jaw open AUs respectively). In this example, AU12 has a high Expression class weighting and no speech
class weighting, whereas AU22 has high speech class weighting and no Expression class weighting. On the
other hand, AU26 is a mixture of the two. When priority is given to Expression animations, AU12 from the
Expression animation engine is let through (with a unit multiplier), whereas AU12 from the speech animation
engine is completely suppressed, preventing it from interfering with the expression dominated animations
(e.g. this will prevent the subject pulling the corner of the lips when the subject is also expressing sadness).
However, AU22 from the speech animation engine will be allowed through so that the subject will attempt
to form spoken words (e.g. attempt to speak while crying). As AU22 does not conflict with emotion it is
unimpeded. When the class weightings are equal (i.e. AU26), the speech channel will also be inhibited to

prevent it from double activation and breaking the Expression animation.

[0068]  When priority is given to speech animations, AU12 from both the Expression and speech
animation engines are let through. This is because AU12 is an Expression dominated AU, and does not
interfere with the speech animation. AU22 from the speech animation engine will be allowed through to form
spoken words, but the Expression animation engine will be inhibited to prevent interference. Similarly,
AU26 from the Expression animation engine will also be inhibited, but AU26 from the speech animation

engine will be let through.

[0069]  For other class weighting combinations (e.g. AU24, lip pressor has a class weightings of 0.2 and
0.8 on the Expression animation and speech animation respectively), the animation composer will apply non-

unit multipliers between zero and one to the input animation sequences to mitigate the interference.

[0070] Figure 14 shows an example of augmentation of the animation composer for AU24. Figure 15
shows viseme pose examples blended with a happy expression with priority on speech (top-left) happy
expression, (top-right) phoneme /m/, (bottom-left) phoneme /f/, (bottom-right) phoneme /w/. AU26 (Jaw
Open) is suppressed but AU06 (Cheek Raiser) and AU12 (Lip Comer Puller) remain present when forming
the viseme shapes. Figure 16 shows viseme pose examples blended with concerned expression with priority

on speech (top-left) concerned expression, (top-right) phoneme /m/, (bottom-left) phoneme /f/, (bottom-right)
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phoneme /w/. AU24 (Lip Pressor) is suppressed and but AU04 (Brow Lowerer) remains present when

forming the viseme shapes.

Customizing “accents” for speech animation
[0071]  The customizability of the viseme example poses and Gaussian function modifiers allow the user
to adjust avatars’ speaking styles and personalities. This in combination with a Digital character blending
system (as described in prov. App. NZ747626), which can deform the anatomical structure, facial expressions

as well as skin textures, will allow new characters to be created with unique speaking personalities.

[0072]  In addition, the system can incorporate multiple Lookup tables that are captures from different
people speaking different language, accent, or articulation style. During the animation generation stage, the
user can select which table to reconstruct the animation from in order to match the visual appearance of the

blended avatar.

Combined with Interpolation

[0073]  The resulting speech animation are fed into the Blendshape Interpolation and Animation
Framework [NZ Prov. App. 747627] to produce believable blendshape animations with nonlinear
interpolation of combination and incremental shapes. In addition, Viseme example poses can be created from
3D scans of the actor/actress or sculpted by a digital artists. These examples poses can then be added as
incremental combination shapes, allowing additional customization to the resulting lip shapes on these

phonemes.

[0074]  Moreover, instead of operating on FACS blendshapes, the viseme-based blendshapes can be used.
Using the naming schemes defined NZ747627, the Animation Framework can used to decompose viseme-
based blendshapes into FACS AUs during the animation stage. The advantage of this approach is that it will
provide a more intuitive controls for the user. In addition, this will also constrain the facial retargeting system
to only solve on viseme-based blendshapes, therefore producing cleaner solve results on the speech

sequences.

Example Embodiment

[0075]  In on embodiment, AU channels are categorized into the following groups:
e Speech Mouth AUs e.g.: AUO8liptowardeachother, AU18lippuckerer, AU22lipfunneler etc.
¢ Emotion Mouth AUs e.g. AU12lipcornerpuller, AU1S5lipcornerdepressor, AU2 1necktightener
e Other Mouth AUs e.g. AUl6lowerlipdepressor, AU25lipspart, AU35cheeksuck etc.

e Non-mouth AUs e.g. AUOlinnerbrowraiser, AUOSupperlidraiser, AUO9nosewrinkler etc.
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[0076]  In one embodiment, when the digital character/virtual entity being animated starts to speak, a

temporally smoothed inhibition signal is activated. The inhibition signal is initially zero and gradually
increases to the maximum of one as the avatar speaks on (the rate of increase is an adjustable parameter,
which may be set to around 100ms). The inhibition signal reduces the contribution of certain AU groups
coming from the emotion stream (Expression animation input). The percentage of inhibition may be
manually set and/or dynamically altered by other networks. In one embodiment, the AU categories defined

above are reduced as follows:
e Speech Mouth AUs — reduced by 100%
¢ Emotion Mouth AUs — reduced by 50%
e Other Mouth AUs — reduced by 100%
e Non-mouth AUs — reduced by 10%

[0077]  In addition to AU groups, specific reduction factors on individual AUs can be set. As the avatar
finishes speaking, the inhibition signal gradually decreases and returns to zero. The rate of decrease is usually

set at a slower pace (around 500ms) to allow full expressivity to return to the face after the avatar finishes

speaking,
REFERENCE SIGNS LIST
8 Muscle-Based Descriptor Class Weighting
1 Animation Snippet 9 Priority Weighting
2 Lookup Table 10 Output Weighting Function
3 Collection 11 Speech
4 TItem 12 Expression
5 Instance 13 Muscle-Based Descriptor
6 Model Viseme 14 Animation Composer

7 String
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INTERPRETATION

[0078]  Whilst the methods and techniques described above have been described with reference to the
English language, the invention is not limited in this respect. Embodiments may be modified to facilitate
speech animation of any language. Bone-based animation rigging or any other suitable animation technique

may be used in the place of blendshape animation.

[0079]  In some of the embodiments described above, muscle deformation descriptors are action units
(AU) 420 identified by the Facial Action Coding System (FACS). Examples of the action units include
‘Inner Brow Raiser’, ‘Outer Brow Raiser’, ‘Lip Corer Puller’, ‘Jaw Open’ and ‘Lip Comer Puller and Jaw
Open’. However, any suitable taxonomy for muscle deformation descriptors may be used. For example,
muscle deformation descriptors may also be computed statistically. For example, the principal components
of the mesh shape variation of the frames in the animations can be computed using a principal component
analysis (PCA). When only the muscles of interest are involved in the animation, the computed principal

components may be used as muscle deformation descriptors.

[0080] The methods and systems described may be utilised on any suitable electronic computing system.
According to the embodiments described below, an electronic computing system utilises the methodology of

the invention using various modules and engines.

[0081]  The electronic computing system may include at least one processor, one or more memory devices
or an interface for connection to one or more memory devices, input and output interfaces for connection to
external devices in order to enable the system to receive and operate upon instructions from one or more
users or external systems, a data bus for internal and external communications between the various
components, and a suitable power supply. Further, the electronic computing system may include one or more
communication devices (wired or wireless) for communicating with external and internal devices, and one

or more input/output devices, such as a display, pointing device, keyboard or printing device.

[0082] The processor is arranged to perform the steps of a program stored as program instructions within
the memory device. The program instructions enable the various methods of performing the invention as
described herein to be performed. The program instructions, may be developed or implemented using any
suitable software programming language and toolkit, such as, for example, a C-based language and compiler.
Further, the program instructions may be stored in any suitable manner such that they can be transferred to
the memory device or read by the processor, such as, for example, being stored on a computer readable
medium. The computer readable medium may be any suitable medium for tangibly storing the program
instructions, such as, for example, solid state memory, magnetic tape, a compact disc (CD-ROM or CD-
R/W), memory card, flash memory, optical disc, magnetic disc or any other suitable computer readable
medium. The electronic computing system is arranged to be in communication with data storage systems or

devices (for example, external data storage systems or devices) in order to retrieve the relevant data.
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[0083] It will be understood that the system herein described includes one or more elements that are

arranged to perform the various functions and methods as described herein. The embodiments herein
described are aimed at providing the reader with examples of how various modules and/or engines that make
up the elements of the system may be interconnected to enable the functions to be implemented. Further, the
embodiments of the description explain, in system related detail, how the steps of the herein described
method may be performed. The conceptual diagrams are provided to indicate to the reader how the various

data elements are processed at different stages by the various different modules and/or engines.

[0084] It will be understood that the arrangement and construction of the modules or engines may be
adapted accordingly depending on system and user requirements so that various functions may be performed
by different modules or engines to those described herein, and that certain modules or engines may be

combined into single modules or engines.

[0085] It will be understood that the modules and/or engines described may be implemented and provided
with instructions using any suitable form of technology. For example, the modules or engines may be
implemented or created using any suitable software code written in any suitable language, where the code is
then compiled to produce an executable program that may be run on any suitable computing system.
Alternatively, or in conjunction with the executable program, the modules or engines may be implemented
using, any suitable mixture of hardware, firmware and software. For example, portions of the modules may
be implemented using an application specific integrated circuit (ASIC), a system-on-a-chip (SoC), field

programmable gate arrays (FPGA) or any other suitable adaptable or programmable processing device.

[0086] The methods described herein may be implemented using a general-purpose computing system
specifically programmed to perform the described steps. Alternatively, the methods described herein may be
implemented using a specific electronic computer system such as a data sorting and visualisation computer,
a database query computer, a graphical analysis computer, a data analysis computer, a manufacturing data
analysis computer, a business intelligence computer, an artificial intelligence computer system etc., where
the computer has been specifically adapted to perform the described steps on specific data captured from an

environment associated with a particular field.
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CLAIMS

A method for animating a communicative utterance comprising:

receiving a String to be animated, the String comprising a plurality of communicative utterance
atoms;

receiving a plurality of Collections, each Collection including a plurality of Items comprising
unique atom strings, each Collection storing Items of different lengths, wherein at least one of the
Items is based on an occurrence of acoustic silence before or after a particular communicative
utterance atom; and

each Item including at least one Animation Snippet of the Item;

hierarchically searching the Collections for Items matching substrings of the String;

retrieving Animation Snippets for matched Items to cover communicative utterance atoms; and

combining the retrieved Animation Snippets to animate the String.
The method of claim 1, wherein the communicative utterance is speech.
The method of claim 1 or claim 2, wherein the hierarchical order favours longer Items.

The method of any one of claims 1 to 3, wherein at least one Item includes a plurality of Animation

Snippets, and an Animation Snippet is retrieved based on its duration.

The method of any one of claims 1 to 3, wherein at least one Item includes a plurality of Animation

Snippets, and an Animation Snippet is retrieved based on corresponding speech features.

The method of any one of claims 1 to 5, wherein Animation Snippets are associated with sound

corresponding to the animation.

The method of claim 6, further comprising the step of compressing and/or stretching Animation

Snippets to match the sound corresponding to the animation.
The method of any one of claims 1 to 7, wherein the Items include part-phoneme strings.

The method of any one of claims 1 to 8, wherein the Items include part-phoneme strings,

wherein one or more of the Items are included in a first Collection of Items from a plurality of
different Collections of Items;

wherein the first Collection of Items comprises a Sentence Boundary Collection that includes a
first type of dipho string and a second type of dipho string;

wherein the first type of dipho string represents an occurrence of acoustic silence pre-defined
as being paired with a subsequent respective syllable type; and

wherein the second type of dipho string represents an occurrence of acoustic silence pre-
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defined as being paired with a preceding respective syllable type.

10. The method of any one of claims 1 to 9, wherein Animation Snippets store Muscle-Based Descriptor

weights.

11. The method of claim 10, further comprising an Output Weighing Function configured to map the

Muscle-Based Descriptor weights for animating the string.

12. The method of claim 11, wherein Animation Snippets store Priority Weightings, wherein the Output

Weighing Function is a function of the Priority Weightings.



