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Speech-to-Lip Movement Synthesis by HMM
Er1t YAMAMOTO,! SATOSHI NAKAMURA! and KIYOHIRO SHIKANOt

Synthesized lip movement images can compensate lack of auditory information for hearing
impaired people, and also contribute to realize a human-like face of computer agents. We
propose a novel method to synthesize lip movement from an input speech using HMM. We
verify the effectiveness of the synthesis method using HMM by three experiments. In the
experiment, error and time difference error between synthesized lip movement images and
original ones are utilized for evaluation. The first experiment shows the error of the HMM
method is 8.7% shorter than that of the VQ method. Moreover, the time differential error
of the HMM method is reduced 32.1% than that of the VQ method. The second experiment
shows that statistical training of lip parameter is more efficient for lip movement synthesis
than training to select one of lip parameters. The third experiment shows that lip param-
eters, which are synthesized at a sub phoneme unit, reduce error than the synthesized at a
phoneme. Moreover the errors are mostly caused at phoneme /h/ or /Q/, etc. Since those
phonemes are characterized by succeeding phoneme, the context-dependent synthesis on the
HMM method is proposed. The proposed context-dependent HMM method reduced to 10.5%
(10.5%) compared with the original HMM method.
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Table 2 Conditions to train phoneme HMMs and the
recognition accuracy.
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Table 3 Error distances by the HMM method and the

VQ method.
E cm AE cm

closed | open | closed | open
vQ (1) 1.43 1.48 0.87 0.88
vQ (5) 1.15 1.22 0.37 0.38
VQ (256) 1.14 1.15 0.28 0.28
HMM (IE%8) 1.05 1.04 0.20 0.18
HMM 1.05 1.05 0.20 0.19
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Table 4 Error distances by HMM training methods.

E cm AFE cm
HMM #: (Hatisd) 1.05 0.19
HMM & (17— % %H) 1.33 0.23

®’5 BT A Y HEHEKMBEALOLE

Table 5 Error distances by lip parameter synthesis unit.

E(cm) | AE(cm)
1EFIENT A—% (HMM i) 1.05 0.19
1FF2ENT A% 1.08 0.18
1EHRLBNT A% 1.13 0.15
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Fig. 10 Synthetic lip parameters based on sub phoneme

unit.
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Fig.11 Synthetic lip parameters based on sub phoneme

unit.
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Fig.12 Synthetic lip parameters based on phoneme unit.
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Fig.13 Error distances for large error phoneme.
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&6 SV-HMM itk HMM D%

Table 6 Error distances by the SV-HMM method and
the HMM method.
E cm AFE cm

closed | open | closed | open
HMM (FE%k) 1.05 1.04 0.20 0.18
HMM 1.05 1.05 0.20 0.19
SV-HMM (IE##) 0.90 0.90 0.18 0.17
SV-HMM 0.91 0.94 0.19 0.17

/h/
cm e [T

&??[8 1
frame#

HMM IEiC & 5 GUE/89 A— % [/saki+hodo/
Synthetic lip parameters by the HMM method.
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Fig. 14
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15 SV-HMM £ &5 3/ 89 2~ ¥ /saki+hodo/
Fig.15 Synthetic lip parameters by the SV-HMM
method.
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HMM based

SV-HMM based

original image
method method

16 FF/h/TOEBREWGO L
Fig.16 Comparison between the synthetic lip images of
phoneme /h/.
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Fig.17 Error distances for large error phoneme.
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