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Comparison of Phoneme and
Viseme Based Acoustic Units For
Realistic Lip Animation
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Problem Definition

We aim to generate lip animation fullfilling
the following requirements:

e Natural looking

» Synchronous to prerecorded speech
o Speaker — independent

 Using no text



[y

&
MoMENTUM

DIGITAL MEDIA TECHNOLOGIES

“Basic lip animation unit: Viseme

TAHBLE 1
] PHOMEME TO VISEWE A PFING
. | | ! Viseme  Titnit
- - | . |
X /N y /
- P = Classes  Phoneset Frxamples
_ ’ 1 pau -
‘Viseme 2 Viseme 3 Viseme 4 2 El}f, Elh tlit.E.', tﬂ.lt.
3 ey, eh, ae bait, bet, bat
4 B bird
: 5 iz, 1y, th, ax, debit, beet, bit, about, butter,
2P G2 y N = y i uw, ub, W hoot, hook, way
- - 7 an, aa, 0y, ow hought, bott, boy, boat
Viseme 5 Viseme 6 Viseme 7 A v hout
o g, hh, k, ng gay, hay, key, sing
: 10 r ray
: 11 1, d n,en el t lay, day, noon, button, bottle, tea
'. ! B : 12 5. T SEd, TONE
X g y N ; /N | :.{ y 13 ch, sh, jh, zh choke, she, joke, azure
- . — 14 th, dh thiti, then
Viseme 13 Viseme 15 Viseme 16 15 f, v ﬁ_ﬂ, watl
16 1, et b, o, bottom, bee, pea

Figure 1. Example visemes for phoneme classes
given in Table 1.
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Compared Acoustic Units

e Phone based acoustic units
—  Phone HMM
— Triphone HMM

e Viseme based acoustic units
— Viseme HMM
—  Triviseme HMM
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Strategy 1. Phone HMM

* Phone is the basic acoustic unit for human speech.
e There are 46 phones Iin the Timit phoneset.
* 46 phone-based HMMs.

o8l

Figure 2. HMM structure with 5 states 3 of which are emitting states.

* Recognized phone sequences are mapped to
viseme strings.

* This method does not consider effect of neighbour
phones.
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Strategy 2: Triphone HMM

* Triphone has a context — dependent
structure.

« A phone with its left and right context
makes a triphone (I — p +r).

e Recognized triphone sequences are mapped
to visemes strings considering the center
phone.
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e 11076 triphones.

e Decision - tree
based state tying
strategy.

e 202 questions.

Figure 3. Decision tree-based state-tying.



[y

&
MoMENTUM
o

IIIIIIIIIIIIIIIIIIIIIIII

Strategy 3: Viseme HMM

* Viseme: visual phoneme.
e \We use 16 viseme classes.

e Timit has no viseme transcriptions. We use
Table 1. to obtain viseme transcriptions.
Eg. utterance: ask

Phonetic transcription: ae s Kk
Viseme transcription: 3 12 9
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Strategy 3: Viseme HMM (ctd.)

Effect of Gaussian mixtures on Yiseme Recagnition rates
74

0

i i 1 i
5 10 15 20 25 a0 35
Murmber of Gaussian mixtures

Figure 4. The plot of Gaussian mixtures versus
viseme HMM recognition rates.

Number of Gaussian
mixture components is
30.

Recognized viseme
sequences have context —
Independent structure.

No need for post —
mapping recognition
results since units are
already visemes.
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Strategy 4: Triviseme HMM

o Triviseme Is a context — dependent structure: a
viseme with left and right context makes a
triviseme.

e There are 1941 trivisemes.

e Decision — tree based state tying strategy with 72
guestions.

 Number of Gaussian mixture components is 6.

» Center viseme of a triviseme is used for lip
animation, there is no need for post — mapping.
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Training & Testing of HMMs

Speach Data Transcription

N /

Training Tools * Tlmlt SpeeCh Corpus

v 'y
000 B50- SO0 . HTK 3.1

SR B

Recogniser

Linknown Speach Transcription

Figure 5. Training and recognition processes in
HTK tool.
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Training of HMMs

e 462 training speakers, 3696 phonetically
balanced training utterances.

 Training of HMMs Is an incremental process.

Phonetic
Transcription

Phone Training\_, Triphone
HMM Tools HMM

Table 1.

Mapping

Speech

A 4

Viseme
Transcription

Training

) A

Viseme Training\ _Triviseme
HMM Tools HMM

Figure 6. Training of HMMs

Tools
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Testing of HMMs

e 168 test speakers, 1334 test utterances.

o Speaker —independent

* No need for transcription of the input
speech
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e Qbjective Comparison of

Acoustic Units
e TIMIT database

TLBLE 2
VISEWIE PECOZGHITION EATES FOR FHONE, TEI-FHCHE, YISENE
LND TRI-VISENWIE HWIWVI WMODELS

Iethod Fecognition Rate
Fhotie HR R i 36 %o
Tri-phone HMM TET5 U
Viserne HMM 73.01 %

Tri-visemne HM M 7949 94
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Conclusion

 The performances of the phone, tri-
phone, viseme and tri-viseme acoustic
units are considered for HMM based
viseme recognition. Based on the
objective viseme recognition rates, we
conclude that the tri-viseme based
HMM structure outperforms the other
structures.
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