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ABSTRACT 

Manual Cued Speech is an effective method used to 
enhance speech perception for deaf and hearing-impaired 
people. Thanks to this system, a speaker can disambiguate 
similar lip shapes by the addition of a manual cue near the 
face. While Cued Speech effectiveness for language 
acquisition is well-known, very few works aimed at 
investigating the temporal organization of Cued Speech 
production, i.e. the co-articulation of Cued Speech 
articulators : hand, fingers and mouth. In this framework, 
the present paper investigates the temporal organization of 
hand cue presentation focusing on finger gestures in 
relation to hand position, lip motion and the corresponding 
sound acoustic patterns in order to specify the nature of the 
syllabic structure of Cued Speech. Results show that both 
fingers and hand begin their movements largely before the 
acoustic consonant onset. Handshape formation and hand 
transition between two positions are completely realized at 
the beginning of the syllable.  

1. INTRODUCTION 

Orally educated people with hearing impairments use 
visual information for speech perception. They typically 
rely heavily on speechreading based on lips and face visual 
information. However lipreading alone is not sufficient due 
to similarity in visual lip shapes of speech units. In 1967, 
Cornett developed a manual complement to speechreading 
for American English language : the Cued Speech [1]. Cued 
Speech effectiveness is now well established for phoneme 
visual identification [2], for the acquisition of 
well-specified phonological representations and more 
generally in language acquisition [3]. This system is based 
on the association of lip shapes with cues formed by the 
hand at specific positions near the face. While uttering, the 
speaker uses one of his/her hand to point out specific 
positions around the mouth, palm toward him/her so that 
the speechreader can see the back of the hand 
simultaneously with lips. The cues are formed along two 
parameters: hand position and handshape. Positions of the 
hand code vowels whereas handshapes (or configurations) 
distinguish among the consonants (Fig. 1). 

The system was grounded on the ultimate CV 
syllabification of speech. The syllable strings C(Cn)V(Cm), 
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plex as they can be, are decomposed in CVs, each 
eing coded both by the shape of the fingers for the 
nant (the handshape) and by the place of the hand 
d the face for the vowel. When a syllable is only 
tuted of a vowel, this V syllable is coded using the 
hape N°5 (Fig. 1), with the hand at the appropriate 

ent for the vowel. If a consonant cannot be 
ated to a vowel, as it is the case when two consonants 
 each other or when a consonant is followed by a 
, the hand is placed at the side placement with the 
ated consonant handshape. 

 
e 1: Hand placements and handshapes used in French 
al cues alone are not sufficient for phoneme 
fication. It is the association of both hand cues and lip 
s which allows the speechreader to identify a unique 
llable. In this way, the fact that manual cues must be 
ated with lip shapes to be effective for speech 
tion reveals a true coordination between hand and 
. However, at present, no fundamental study was 



devoted to the analysis of the real production of Cued 
Speech gestures. Duchnowski et al. proposed some 
heuristic rules for cue presentation for their automatic 
system of Cued Speech generation for American English 
language based on automatic speech recognition [4] ; for 
example, they empirically estimated an advance of 100 ms 
of cue presentation relatively to the corresponding sound 
and they proposed that handshapes changed halfway 
through a hand transition. In a previous work [5], we 
studied the carrier gesture of French Cued Speech i.e. the 
hand displacement from a hand position to another one 
associated to vowel information, without any finger 
gestures. We noticed a clear advance of the hand on the lips 
and on the sound. The hand gesture began before the 
acoustic onset of the CV syllable (about 200 ms) and 
reached the hand position during the beginning of the 
consonant (C). Then, the hand left the position toward a 
new target position before the realization of the vocalic lip 
target (V). 

The aim of the present work is to investigate the handshape 
formation associated to consonant information in reference 
to hand transition, lip gestures and sound. 

2. METHOD 

2.1 CUED SPEECH SPEAKER 

The Cued Speech speaker was a 37 year-old French female 
with normal hearing. She has been recommended by a 
speech therapist for the good hand visibility and fluidity 
during coding and for the good lip view in reception. She 
has been using Cued Speech (CS) at home with her hearing 
impaired child for 9 years. She graduated in French Cued 
Speech in 1996 and regularly translates into CS code at 
school. 

2.2 AUDIOVISUAL RECORDING 

 
Figure 2: Image of the CS speaker wearing the 

data-collector glove with superimposition of colored marks 
and axis used for the analysis 

Using the ICP Face-Speech system [6], a first camera in 
large scale for the hand and the face and a second one in 
zoom mod dedicated to the lips were used for the video 
recording while the FCS speaker was pronouncing and 
coding the whole corpus. The lips were painted blue to 
process automatically the whole contours. A data collector 
glove was used to get the fingers trajectories for the 
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is of handshape formation. A colored mark was 
 on the back of the glove to follow the displacement 
 hand around the face (Fig. 2). Finally, blue marks 
placed on the opaque glasses worn by the speaker as 
nce points to the different measurements and the head 
aintained fixed with a helmet to avoid mobility. 

ORPUS 

orpus was elaborated in order to have a modification 
ly one finger component for consonant handshape 
e in each sequence. For example, the change from [p] 
 i.e. from handshape N°1 to handshape N°2 (Fig. 1) is 
ed with the appearance of the middle finger. Thus 
hape’s modification requested only one main sensor 
 data-collector glove. This choice was decided to 

ify data reading. 

hape formation was analyzed with two kind of 
nces: 
ot changed vowel sequences : [mVC1VC2V] 
quences with the same vowel (V = [a] or []) were 
signed for consonant variation. The C1 and C2 
nsonants were [p] and [k], [s] and [b] or [b] and [m]. 
is choice resulted in handshape modification at fixed 
nd placement (for example [mabama] sequence is 
ded at the side place with the appropriate handshape 
odifications, Fig 3). 10 repetitions of each sequence 
ere recorded. The analysis focused on S2 and S3 
llables, resulting in 120 syllables (10 repetitions x 3 
nsonant groups x 2 vowels x 2 syllables) 

hanged vowel sequences : [mV1C1V2C2V1] sequences 
ried both vowel and consonant thus involving 
ndshape modification and hand transitions. The C1 
d C2 consonants were [p] and [k], [] and [g], [s] and 
], or [b] and [m]. The V1 and V2 vowels were [a] and 
], [a] and [e] or [u] and [e]. Thus for [mabuma] 
quence (Fig. 4), coding implicates a transition of the 
nd from side position toward the chin and then back 
 the side position whereas the handshape changes 
om the N° 5 to N° 4 configuration and back to the N° 
(the changing from 5 to 4 being realized with the 
facement of the thumb toward the palm). 5 repetitions 
 each sequence were recorded. The analysis focused 
 S2 and S3 syllables, resulting in 120 syllables (5 
petitions x 4 consonant groups x 3 vowel groups x 2 
llables). An error for a [mubemu] sequence occurred 
ring the recording so that we considered only 118 
llables for this corpus. 

 
Figure 3: Cues for [mabama] sequence 

 
Figure 4: Cues for [mabuma] sequence 



2.4 DATA PROCESSING 

The automatic extraction system by image processing 
developed at ICP [7] provided the value of lip area every 20 
ms. In synchrony with lip area parameter and audio signal, 
we extracted the x and y coordinates of the hand mark 
placed on the data glove. The data glove provided 8 bits 
coded raw data values (linearly related to angle) at the 18 
sensors level. Only one main sensor is needed for the 
analysis. The onset and offset of finger, hand and lips 
gesture transitions were manually labeled at the 
acceleration peaks [8]. On the audio signal, the onsets and 
offsets of the acoustic realization for consonants and 
vowels were also labeled.  

 
Figure 5: From top to bottom for [mabuma] sequence : (1). 

Time course of lip area S (cm2) (50 Hz for sample 
frequency) ; (2). x (cm) and y (cm) trajectories of the hand 
(50 Hz) ; (3). Temporal trajectory of the raw-data from the 

thumb first articulation glove sensor (64 Hz); (4). The 
corresponding acoustic signal (22050 Hz). On each signal, 

labels used for the analysis (see text). 

Thus for the analysis of a “S1S2S3” sequence made of 
[C1V1C2V2C1V1] consonants and vowels, the following 
events were kept for all the signals (Fig. 5) :  
- for the acoustic signal, A1 is the beginning of the 

consonant of the S2 syllable and A2 that of the S3 
syllable ;  

- for lip area time-course, L2 is the vocalic target of the S2 
syllable ;  
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sture corresponding to the consonant of S2 syllable, 

2 the end of the handshape formation maintained until 
3, which marks the beginning of the gesture to form 
e handshape corresponding to the consonant of S3 
llable, and finally D4 the end of the handshape 
rmation for S3 ; 
 case of changed vowel sequences (implying both 
ger and hand gestures), M1 marks the beginning of 

e hand gesture toward the spatial position 
rresponding to the vowel of S2 syllable, M2 the 
ached target position for the S2 syllable, and M3 and 
4 the beginning and the end of the transition for the S3 
llable. 

3. RESULTS 

from the last two syllables S2 and S3 (for a S1S2S3 
nce) were processed separately. For the not changed 
 sequences, mean durations for the two syllables were 
s and 272.7 ms (not significant difference at p<.01). 
he changed vowel sequences, the corresponding 
e durations of 316.3 ms and 283.3 ms were 

icantly different (p<.01).  

er to evaluate the coordination between sound, lips, 
 and hand, we derived different duration intervals 
he events labeled on each signal.  

l the sequences: 
1A1 and D3A2 are the intervals between the 
ginning of the finger gesture and the beginning of the 
rresponding acoustic consonant respectively for S2 
d S3 syllables ; 
1D2 and A2D4 correspond to the intervals between 
e beginning of the acoustic consonant and the end of 
e digit movement for S2 and S3 syllables ; 
2L2 is the interval between the end of the finger 
ovement for S2 syllable and the corresponding 
calic lip target ; 

3L2 corresponds to the interval between the 
ginning of the finger gesture for S3 and the vocalic lip 
rget of the preceding syllable S2. 

ition, for changed vowel sequences: 
1A1 and M3A2 are the intervals between the 
ginning of the hand movement and the onset of the 
oustic consonant for S2 and S3 syllables ; 
1M2 and A2M4 correspond to the intervals between 
e acoustic consonantal onset and the end of the hand 
sture for S2 and S3 syllables ; 
2L2 is the interval between the end of the hand 
sture for S2 syllable and the corresponding vocalic lip 
rget ; 
3L2 is the interval between the beginning of the hand 
ovement toward the position coding the S3 syllable 
d the vocalic lip target of the preceding syllable S2. 

e not changed vowel sequences (sequences with only 
hape change, the hand placement being maintained), 
s showed an average advance of 123.8 ms (D1A1) for 



the beginning of the finger gesture for S2 in reference to the 
acoustic onset of the consonant. The handshape was 
entirely formed 46.5 ms (significantly different from 0, 
p<.01) after the beginning of the acoustic consonant (A1D2) 
and 149.1 ms before the vocalic lip target (D2L2). Thus the 
finger finished its movement at the beginning of the 
acoustic realization of the consonant. The finger gesture for 
the following handshape corresponding to S3 began on 
average 33.7 ms after the vocalic lip target (D3L2, 
significant duration, p<.01). Finally, results for A2D4 
showed that the handshape for S3 was completely formed 
116.2 ms after the beginning of the acoustic consonant. 

For the changed vowel sequences (both handshape and 
hand placement change), we obtained for S2 syllable 
average values of 171.5 ms for D1A1 interval and 3.1 ms 
for A1D2 interval (significantly compatible to 0, p<.01), 
which means that the handshape formation was completed 
at the acoustic onset of the consonant. Moreover, the lip 
target was reached 208.5 ms after completion of the 
handshape (D2L2). Thus for the finger gesture relatively to 
the sound, we observed quite the same pattern as for results 
for not changed vowel sequences. 

Regarding the hand gesture, we obtained mean values of 
205.1 ms for M1A1 interval and 33.2 ms for A1M2 interval. 
So the hand gesture began before the finger gesture and 
consequently largely before the onset of the acoustic 
consonant. The hand target was reached during the acoustic 
realization of the consonant after the end of the finger 
gesture (p<.01). 

Regarding results relative to lip movements, the vocalic lip 
target was reached largely after the corresponding hand 
target since mean value for M2L2 was 172.2 ms. The hand 
began its transition toward the following spatial position (of 
S3) 43.4 ms before the reach of the vocalic lip target of the 
preceding syllable S2 (M3L2, significant advance, p<.01). 
Concerning the finger gesture, it began 52.6 ms after the 
vowel peak (D3L2, significant delay, p<.01).  

Regarding results relative to the acoustic onset of the 
consonant (A2) of S3, the hand began its movement 154.3 
ms before A2 (M3A2) and reached its spatial position 103 
ms after A2 (A2M4) ; as regards the finger gesture, it began 
58.2 ms before A2 (D3A2) and finished 101.7 ms after A2 
(A2D4), synchronously with the hand target M4 (p<.01). 

4. CONCLUSION 

To sum up, the handshape began to be formed a long time 
before the acoustic consonant (up to 170 ms) and was 
completely formed at the beginning of the syllable, during 
the first part of the consonant. Concerning the hand, it 
began its movement before the finger gesture, so largely 
before the acoustic onset of the consonant (up to 200 ms) 
and reached its position just after the end of the finger 
gesture during the consonant, and up to 170 ms before the 
vocalic lip target. Then, the hand left its position toward a 
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) and reached the position during the consonant. So 
attern previously observed concerning the hand 
e [5] is maintained. Finally, if we consider duration 
ndshape formation in reference to hand transition 
en two positions, we note that the consonant gesture 
the large part of the hand transition. Thus in 

arison to the empirical rules of Duchnowski et al. [4], 
e of cues from one handshape to another begins 
 before halfway of the hand transition.  
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