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ABSTRACT

In this paper we describe the results of perceptual experi-
ments with static lip configurations (visemes) and the syn-
thesis of (expected) vocalic lip postures on the basis of F0
and formant measurements. Three steps were performed:
(i) two visual perception experiments of vocalic lip pho-
tographs, (ii) a graphic experiment using cardinal vowel
lip configurations, and (iii) a lip configuration estimation
through a two-dimensional linear regression model and a
manual optimization. We assume a linear relation between
lip configuration and acoustics.

1 INTRODUCTION

Integration of multisensory input results in a more consis-
tent interpretation of the received information. Adding syn-
chronous visual information to acoustic speech can improve
the speech intelligibility [7]. An acoustic information gap
(like in disturbed speech) seems to be filled by collecting
more visual information, which means more intense focus
(i.e. longer gaze with fewer eye motion shifts) on the speak-
ing mouth [9]. Acoustic and perceptional experiments have
shown that the effect of F2 is correlated with rounded vow-
els [1], [11]. Visible speech information must contain acus-
tically relevant information as experiments have shown.
High correlations are found between visual and acoustic
properties of speech [10]. The integration of different vi-
sual cues leads to different perception levels [8]. As a first
approximation we present the results of different visual per-
ception in seeing or not seeing the teeth and tongue.

2 VISUAL PERCEPTION EXPERIMENTS

In the first visual study, we investigated the question: How
adequate is the identification of vowels from static mouth
photographs without presenting acoustics? We supposed
that the degree of frontness/backness of a vowel can be pre-
dicted by the visible part of the tongue. In the same way
the degree of spreading/rounding could be estimated by the
visibility of incisors. For this, we displayed in the second
visual experiment the lips only.
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ATERIAL
rticulation of one male German phonetician was pho-
hed in frontal view during the production of 20 iso-

vowels (��� �� �� �� �� �� �� 	� 
� �� �� � �� �� ��
rresponding to the vowel diagram of Daniel Jones [2].
German centered close-close-mid front vowels �I Y]
wo schwas �� ��) were added. Each vowel was re-
d twice �� = 40 photographs). The black and white

e 1: Stimuli (cardinal vowel ����) for Experiment I (left) and
for Experiment II (right).

graphs were manipulated to get the mouth shape with-
y tissue structures of cheeks and chin. For the second

l experiment, only lips were extracted (see Fig. 1).

XPERIMENT I
wel pictures of the mouth with particular visible teeth
ngue were selected accordingly to the occurence in

erman phonemic system ��� 
� �� �� �� �� �� �� �� �� 	�
3]. Each vowel was projected five times in random or-

= 66 stimuli) without any acoustics. A list of the 13
ls in IPA and in orthographic transcription with Ger-

ord examples was given to the subjects. The task was
e the visually perceived vowel quality of each stimu-
hich was displayed for 6 seconds. Most of the 13

an-speaking subjects (5 females, 8 males) were pho-
lly trained. None of them reported auditory and/or

l defects. All participants knew the speaker.

is first experiment, the recognition of un-
ed/rounded vowels was quite good as shown in
ab. 1. On average 65,4% of the unrounded vowels
�� �� �� were identified correctly. The back rounded
ls ��� 	� were judged correctly in backness. Only
as perceived wrongly as the close front vowel �
�
). Front rounded vowels �
� �� �� were perceived

right height (on average 37.66%), but mostly as
rounded vowels. We assume that there was a loss of
ess/backness information since the small opening



perceived as unrounded vowels (%)
Ia � � � � � � � not recognized

� 72 18 5 - - - 2 3
� 15 62 14 - - 3 3 3
� - 12 71 5 - 6 5 -
� - - 26 57 11 2 - 3
� - - - 35 65 - - -
� - 3 9 2 - 34 38 2
� 2 9 5 - - 12 55 8
� - - - - - 2 2 -
� - - - - - - - 2
	 - - - 2 2 2 3 3

 - - 3 5 3 3 2 3
� - - 2 - - - - 2
� - - - - - - - -

perceived as rounded vowels (%)
Ib � � 	 
 � � not recognized

� - - - - - - 3
� - - - - - - 3
� - - 2 - - - -
� - - 2 - - - 3
� - - - - - - -
� - 2 3 6 2 - 2
� 2 2 3 2 - 2 8
� 34 9 8 - 11 35 -
� 6 15 5 5 43 25 2
	 3 8 11 35 28 5 3

 2 5 14 54 8 - 3
� 42 12 3 2 17 22 2
� 29 14 2 2 20 34 -

Table 1: Confusion matrices (Ia/Ib) of judgements in Exp. I.

in rounded vowels concealed tongue and teeth almost
completely. As a consequence, the perception was sytem-
atically shifted from front rounded to back rounded vowels
(see Fig. 2, correctly recognized vowels are not illustrated).
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Figure 2: Perception shift in Experiment I with particular visible
teeth and tongue.

2.3 EXPERIMENT II
In the second study, we showed pictures of lips only. The
presentation of the 66 stimuli was performed under the
same conditions as described in section 2.2. Twelve sub-
jects (5 females, 7 males) participated in this experiment.
Eight of the subjects (2 females, 6 males) had already joined
in the first experiment.

Naively, we expected that the absence of visible teeth
and tongue would cause more confusions in the front-
ness/backness perception. Surprisingly, in Experiment II
the subjects discriminated front/back vowels better than in
the more realistic conditions of Experiment I. Lips only in-
formation led to a decrease of the hit score as well as to an
increase of standard deviation (Tab. 2). Vowel ���, which
occurs in Bavarian accent, was displaced to the more com-
mon standard vowel ��� since both vowels do not differ in
their height and rounding attitudes. We conclude that the
effect of non visible teeth and tongue rather involves con-
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perceived as unrounded vowels (%)
� � � � � � � not recognized

� 52 30 5 - - 7 5 2
� 7 62 18 - - 3 5 3
� - 5 47 5 13 13 8 2
� - - 5 52 27 2 2 -
� - - 2 55 40 - - 3
� - 7 15 2 2 20 40 -
� 3 12 12 3 - 3 50 3
� - - 2 - - - - 2
� - 2 - 2 2 2 2 2
	 - 2 2 - 2 - 2 2

 - - 3 2 2 3 2 3
� - - 2 - - 2 - -
� - - - - - - 2 2

perceived as rounded vowels (%)
� � 	 
 � � not recognized

� - - - - - - 2
� - - - 2 - - 3
� - - - 7 - - 2
� - - - 10 3 - -
� - - - - - - 3
� - 5 7 2 2 - -
� 7 2 2 2 2 - 3
� 35 17 7 2 8 28 2
� 27 30 3 2 15 13 2
	 - 12 28 20 32 - 2

 - - 20 55 8 - 3
� 33 12 5 2 8 37 -
� 23 12 8 - 13 40 2

2: Confusion matrices (IIa/IIb) of judgements in Exp. II.

of the vowel height than confusion of the tongue po-
. The opening degrees of the lips alone seem not to
fficient to describe the correct vowel height. Includ-
e adequate chin position should yield a better result
erred in [4]. The subject performance was gender-
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e 3: Perception shifts (II) in Experiment II with visible lips
only.

entent, but male subjects had a higher standard devia-
both experiments (e.g. number of correct answers in

iment I: female subjects �� = 29,6 ( 44,85%), s = 3.85,
subjects �� = 28.87 (43,74%), s = 11.59).

3 GRAPHIC EXPERIMENT

termine the dependence between the acoustic cues and
alized lip shapes we designed a graphic experiment
two linear regression analysis for the horizontal and
al positions. We took the material (see section 2.1 )
vowel lip photographs corresponding to the acous-
ee below) and used them as patterns to create simple
ngs of the lips in front view. 16 nodes (8 nodes for
ter lip countour and 8 for the inner lip contour) con-

d by straight lines were drawn for each vowel as a vec-
aphic. The coordinates of the nodes were measured



relative to an origin of a Cartesian coordinate system (x-
axis at the lower edge of the upper incisors, y-axis between
the gap of the incisors. If the teeth were not visible, the po-
sition of the origin was estimated). By that we obtained two
16-dimensional vectors containing the node component val-
ues of vowels ��� � �

�
� (node number � = 1. . . 16, � = vowel).

They served as the response variable. F1, F2, and F3 me-
dian frequencies of 15 monophthongs � = ���� �� 
�� �� �� ��
�� �� ��� �� ��� �� 	�� �� �� spoken by 12 male speakers were
taken from the Kiel PhonDatI corpus [6] as the predictor
variables. We estimated the regression coeffcients �� for
the � = 3 formants �� with the residual errors ��:

��� � ����� � ����� � ����� � �� (1)

��� � ����� � ����� � ����� � �� (2)

3.1 RESULTS
The analysis yielded two linear regression models for the
determination of the horizontal and vertical movements,
which were able to estimate the expected lip posture nodes
on the basis of given acoustic vowel features with fair ac-
curacy for all nodes: 	� = 0.62 (
� = 0.3), 	�=0.89 (
� =
0.04). The mean standard errors of the prediction were �� =
12.44, �� = 27.3). The correlation for the inner lip contour
was slightly better 	� ��� = 0.69, 	� ��� = 0.92) We could
confirm that lip rounding in �	�� is produced with more pro-
trusion [5], i.e. the lips are positioned vertically higher than
for other rounded vowels.

4 2D LIP MODEL

We developed a simple 2D lip model to synthesize lip shape
graphics according to the number of vowels in the input for-
mants (F1, F2, F3, and also F0). From the lip drawings (see
section 3) we chose eight lip configurations ��� ��� �� ��� ���
�� 	�� � and eliminated the asymmetries by mirrowing the
nodes of the right side only at the ordinate. These bench-
mark configurations were needed to average them for the
start configuration (��� ��) and to fix the extreme move-
ment position. Four independent movement directions �
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Figure 4: Arrangement of the 16 nodes with 16 lines connecting
two nodes and the four movement directions X1, X2,
Y1, and Y2.
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otrusion (Y1), and lower lip opening (Y2). Each node
ontrolled by one or more movement directions. Tak-
e minimum and maximum node coordinates of the
benchmarks we determined for each movement di-
n (� = X1, X2, Y1, Y2) a range  with equidistant
ical units.

rmalize over gender and speaker, the actual F0, F1,
nd F3 for each vowel were adjusted with respect to
ean fundamental frequencies of all given vowels of a
er. For each �, we have one acoustic feature as input
hich is trained for more than eight different vowels �.
contains the adequate distributed values to the move-
direction range �.

���� �
�	� ��	
�����

�
� �

��������� ���	
������� �
� �� (3)

vowel is characterized by four values � for the
ovement directions. To receive the graphic outputs
�� with preserved lip shape proportion, the start con-
tion was weighted by constant factors ��

� for each
which were manually fixed:

��� � ���� � �
��� � �
�

�

� �
��� � �
�

�

(4)

��� � ���� � �� ��� � �
�
� �

� �� ��� � �
�
� �

(5)

5 LIP SHAPE ESTIMATION

1, F2, and F3 of 16 segmented monophthongs ���� ��
�� �� �� �� ��� �� ��� �� 	�� �� �� �� of 12 female

2 male speakers from the PhonDatI corpus were sub-
to the start configuration provided by section 4. The

tions with the smallest errors were found by linear re-
on:

p width (X1) � ��
��� = �F3�–F2�
p rounding (X2) � ��
��� = F2�
pper lip protrusion (Y1) � ��� ��� = F3�
wer lip opening (Y2) � ��� ��� = F1�

raphical output of the lip shape estimation is adequate
synthesis of the lip opening degrees “upper lip

sion (Y1)” and “lower lip opening (Y2)”, but not
rounding properties (see Fig. 5). Therefore, the

nts were reassessed in a manual optimization to get
ter modeling of lip width (X1) and upper lip pro-
n (Y1) in case of the high rounded vowels �
�� �� �� ��.

p width (X1) � ��
��� = (F3�+F2�)*F3�
p rounding (X2) � ��
��� = F3�
pper lip protrusion (Y1) � ��� ��� = 2*F1�-F2�
wer lip opening (Y2) � ��� ��� = F1�

rally, F1 corresponds to the vowel height, F2 to tongue
ess, and F3 to lip rounding of front vowels. In the
f closed vowels that means all three vowels have a
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Figure 5: Graphic lip shape estimation of 16 monophthongs of
one female speaker.
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Figure 6: Optimized graphical output of the acoustic cues from
the same speaker as in Fig. 5.

low F1. While ���� and �
�� have a higher F2 than �	��,
F3 is high for ���� and �	��, but not for �
��. This acoustic
“complexity” is illustrated in the divided structure of Daniel
Jones’ primary and secondary cardinal vowel diagrams [2].
The rounding property was synthesized by three movement
directions (X1, X2, Y1) to take the complex acoustic be-
haviour into consideration. The widths of rounded vowels
were estimated as expected (see Fig. 6).

6 CONCLUSION

Two visual perception experiments were realized to test the
existence of perceptual concepts of “visual articulations”
like visemes in human visual speech perception. Both vi-
sual perception experiments have shown that the discrimi-
nation of the assumed auditory quality (as rounded or un-
rounded) is acceptable. Additional visual information like
visible tongue and teeth did not result in better recognition
of front/back attitudes. Actually, the lack of this informa-
tion yielded a better result. On the other hand, presence
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th and tongue was useful for the correct decision of
l height, whereas the omission of them led to con-
s in the height perception. Visual perception needs
s visual components like visible tongue, teeth, chin

on [4], and probably other structures like lip and face
les, or the corners of the mouth.

econd aim was to predict lip visemes by using acous-
atures independently from speaker and gender. We
d relevant visemes as visual equivalent to phonemes

static lip photographs. A simple 2D lip model was de-
ed. Acoustic cues (F0, F1, F2, F3) served as input to
lip shape coordinates, which were controlled in four
endent movement directions. To output the graphical
ape, acoustic features of at least eight vowels of one
er were required. The assignments of the formants to
ovement directions were calculated by two linear re-
on analyses. Hence the results were not satisfying, a
al optimization was carried out. Since F0 is taken into
nt, this procedure results in adequate visual represen-
s of the vowels independent from the speaker and the
r.

REFERENCES

nt, G. (1970). Acoustic Theory of Speech Production. Mou-
, Den Haag, 2.Ed.

nes, D. (1962). An outline of English phonetics. W. Heffer
ons Ltd., Cambridge, 9.Ed.

hler, K. J. (1995). Einführung in die Phonetik des
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