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Problem Definition

We aim to generate lip animation fullfilling 
the following requirements:

• Natural looking 
• Synchronous to prerecorded speech
• Speaker – independent
• Using no text



Basic lip animation unit: Viseme

Figure 1. Example visemes for phoneme classes 
given in Table 1.



Compared Acoustic Units

• Phone based acoustic units
– Phone HMM 
– Triphone HMM 

• Viseme based acoustic units
– Viseme HMM
– Triviseme HMM



Strategy 1: Phone HMM

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

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.



Strategy 2: Triphone HMM

• Triphone has a context – dependent 
structure.

• A phone with its left and right context 
makes a triphone (l – p + r). 

• Recognized triphone sequences are mapped 
to visemes strings considering the center 
phone.



Strategy 2: Triphone HMM (ctd.)

• 11076 triphones.

• Decision - tree 
based state tying 
strategy.

• 202 questions.
Figure 3. Decision tree-based state-tying.



Strategy 3: Viseme HMM

• Viseme: visual phoneme. 
• We use 16 viseme classes.
• Timit has no viseme transcriptions. We use 

Table 1. to obtain viseme transcriptions.
Eg.   utterance:                                  ask

Phonetic transcription:             ae   s    k
Viseme transcription:               3   12   9



Strategy 3: Viseme HMM (ctd.)

• 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.Figure 4. The plot of Gaussian mixtures versus 

viseme HMM recognition rates.



Strategy 4: Triviseme HMM

• Triviseme is a context – dependent structure: a 
viseme with left and right context makes a 
triviseme.

• There are 1941 trivisemes.
• Decision – tree based state tying strategy with 72 

questions.
• Number of Gaussian mixture components is 6.
• Center viseme of a triviseme is used for lip 

animation, there is no need for post – mapping.



Training & Testing of HMMs

• Timit speech corpus 

• HTK 3.1

Figure 5. Training and recognition processes in 
HTK tool.



Training of HMMs

• 462 training speakers, 3696 phonetically 
balanced training utterances.

• Training of HMMs is an incremental process.
Phonetic 
Transcription

Speech

Viseme 
Transcription

Table 1. 
Mapping

Phone 
HMM

Training 
Tools

Viseme
HMM

Triphone 
HMM

Triviseme
HMM

Training
Tools

Training 
Tools

Training
Tools

Figure 6. Training of HMMs



Testing of HMMs

• 168 test speakers, 1334 test utterances.
• Speaker –independent
• No need for transcription of the input 

speech



Objective Comparison of
Acoustic Units

• TIMIT database



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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