LIVE FROM THE LABS

In Grenable, in the heart
of the Alps, researchers
from a variety of
disciplines are exploring
human speech: a
phenomenaon at the
interface of the intimate
and the social domains,
and whose complexity
15 often forgotten.
Theytake usona
scientific excursion into
the world of language.

LANGUAGE SCIENCES

Speech communication
research speaks up
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he researchers at the Institut de la communbea-
Triﬂﬂ parkée’ (ICP) In Grenoble talk passionately

about their research: they have been working on
the enigma of human speech for over twenty vears,
Their laboratory looks at speech in every possilile way,
from the study of the vacal tract to the analysis of eme-
tines, from phonetics to the study af cereliral proceses,
Not to mention the different applications developed
by the ICP such as robotics and telecomrumunications
as well as the treatrment cl:l'x'perrh disorders. Are they
pethaps trying to cover oo many topics at the same
time? Mot at all, according to physicist jean-Luc
Schwartz, who is the directar of ICP. “Looking into all
these areas i the anky way te achieve our dream, that
i, b someday understand how speech ‘works".”
The first ohstacle to thiz seemingfy simple quest & how
air s theough our body to produce a sound and
then a word, To discover thig, a team fram the 1CP, in
collaboration with the University of Eindhoven (Nether-
lands), created an artificial vocal eract paing from the
lurgs fa 1o bos which distils compressed air) o the vocal
cards (two small picces of metal). “This prototype, which
i the only one lile it in the woeld, may look mther sim.
pe at first, but in Bt it allows s to reproduce a mechan-
il speech gesture based an the husnan moedsl whids can
be modified and reproduced forever,” explains Xavier
Pelorson, wha directs the Acoustics team at the 1CP,
“Thanks to this machine, we have demonstrated the still
largely unexplained phenomena of swirls and turbo-

The apparatus on th Il is sble
to measu all speech-ralated

aniculatery evens with precision.
It is called an articodograph.

Thes device, unigue in the woeld,
lamclions through a wates
pressurg system, anabding ICP
reearchers 1o study the wcal
corde with pracision.

benice at the larym exit.™ The researchers have also man-
aged to repraduce the phenomenon of oscillation in the
vocal cords which makes up the sound of a vaice, Another
major exploit has been o meagure the vibratdons of the
cords using a laser. The medical fiekd has already started
oy ase this knowdedge in the treatment of voice disorders.
Somewhat more unexpected is the connection with sleep
apnied. “In this disorder, breathing stops due to partial
ohstruction of the upper airways.” explains Annemie
Van Hirturn, a researcher with the Acoustics team, With
the ICP device it is possible to study the disordes in
detail, Collaboration between the TIMC laboratory® and
the Grenobie teaching hospital will hopefully lead to the
development of software 1o help surgeons operate an
such cases — the current success rate is only 50%.
Medicine is not the enly domain concerned though.
“Traditional methods of voice synthesis give excellent
results for male :1].k.'lker| vwiices, bait not for those of
women or children, nor for singing,” observes Xavier
Pelorson. “In this case, physical enodebing is probably
the best option.” OF course, there is a long way 1o go
before we hear a song Jeave the “mouth” of the proto-
type. “In particular, we need 1o analyze the contact
mechanisms of the vocal cords,” explains Nicolas Ruty,
i PhoD student at the ICP. “They are what generate the
high frequencies which are 0 characteristic of the
human woice,” he adds.

Speech and rousic are obviously closely linked. Helene
Loevenbruck, a lingukst at the 1CP, knows all about

T b




B
=
£
E
£
o
E
i
°

the melody that shapes our utterances. This is known
a8 prosady, a term covering phenomena such as into-
nation, stresa, dhvthen and phrasing. “One sendence can
have four or five different meanings. It's the prosady
which allows us to generally deterrnine the right one,”
she comments. Each language has a specific proaody,
learned from birth, This is used to prioritize infor-
matlon and. more surprisingly, to decide whose furn it
is to speak. "Margaret Thatcher, for example, always
used falling intonation at the end of her sentences to
make them more substantial,* says Loevenbruck, whe
does a wonderful imitation of the famous [ron Lady.
“But she was always being internupted because her
interlocutors thought she'd finished speaking at the
end of every sentence!” On an everyday basis, Loeven-
bruck works on focus, in other words, how an element
it a stabernent is emphasized. Intonation, articulation
:I[I.I'J. |1|E‘ ]I."'!'I:"] 1:d-'|.i|.\" Wale are H" LL‘ﬂE\’J. io I'I'IH':I‘. l'||]'.H‘|."F
understand. “Ome of our studies showed that people per-
ceive focus as kr'].' information and understand it
extrernely well” Perhaps that i why this skill is devel.
oped early. “A haby points its finger at an object and savs
‘more’,” Loevenbruck explains, “Gradually, the finger
i= replaced by the vocal apparatues, but bath types of
‘pointing’ are simmilar,” This was further demonstrated
when the [CP researchers recently proved that the acH-
vated areas of the brain were the same in both cases. [n
adultz, the process alse involves a number of facial
movements, At the ICP, all these ‘mind gestures' are ana-
lyzed using an electromagnetic ‘articulograph’,

A few doors away, a team of researchers are working on
‘speaking machines”. "By “speaking’ we mean two
|.'|'.|i:r|._#." says Getard I;HI:"}'. who leads the feam. Firstof
all sound, obviously, but also everything you can observe
i the faces of the two speakers. A dominating factor
ina face to face discussion ks mutual atention, “When
1 speak to you, for example 1 watch your eyes to see
whether yna are ﬁ:".cm-i:l.g_ what | =, f v umderstand
me and the type of effect my words have on youw.” the
researcher explains. *But when [ listen to you, my
glance moves between your eyes and your lips.” No,
your interlocutors are not going to point out o you
that you have a piece of katuce wedped between your
teeth. They are just trying to confirrm what they have
heard, “Wie all know how to lip-read,” Schwartz points

out. “And we use this skill in every conversation.”

This woman fistens o you and walches you closely. Bu
don’t ke fooded, she is entirely vinual
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WHEN THE BRAIN SPEAKS

Far linguistics, progress in brain smaging has II-knows ph for specialists, who
bem & rehl godeend Obsananions have sow hawe named i ‘the werbal iranstormation effecy’
mads it passibln to understasd many of the Theeir discoweny is part of 8 long-term ongeing
mechssisms refsted o speech. Jean-Luc project. lndesed a considerable amount of
Schwarts gives us an example, “H | sy in year rasaanch still ramaing to b done on the link
i, life, Bife, Nite, life, life, it's highly likely that, a4 b the £y of prod and

some point, you || hear fly, iy, By ICP pesception of speech.

resanarchers racestly highlighted the carebeal M. A
metworks' involved in this shilt im meaning. a 1. Eain M. o1 o, Neuroimage, vol 73, 2004, pp. 11431151

Scientists are now I'r:ring o create virtual characters
capable of this type of exchange, and the demonstration
{Eiven to visitors is impressive. Om the screen, 2 woman's
face answers your questions, all the while keeping her
eyes fixed on yow, The secret lies in laser sensors posi-
tinned all around the screen which can locate the back
of your eyes. To create this character, the sclentisis
covered the face of a real woman with almost 400
microspheres and then measured the movements for

all possible combinations of two phonemes, in other  To model the mevements of the lips.

words nearty a thousand, For the lips, there’s no prob- ﬂ"'l‘imhm"mu' simphe
¥ i i salution: 3 ng a

]em.lthe ICP has dT.l.le]nped a highly pjTe.c'llw irietd sl of

o study and moded lip movCments {see pictures). And  groeaceing snd the well-known

fhat’s not all. The [CP is currently working on creat- matbod of placing 8 backdrop behind

ing & character for the Arte TV channel’. [ts role will — the weather forecaster, they can

be to replace the teletext system for the deaf and hard ~ 0btain & perfect image of their

ui'h.eariug, The virtual presenter will not use sign lan- QU

guage but a form of “cued speech”, where "hand ges-
ticres act as cues to complement the movermnents of the
lips.” Schwartz explains. To model these gestures, the
zame method was used: our modern Pygmalions cov-
ered a wornan's face and hands with microsphenes and
gat her to read avound 210 sentences whiich covered vis-
tueally all sounds, using cued speech, At the moment
they are tryving to equip thelr Galatea with a virtual
tongue that you would almost swear you could see
apeaking. In a0z the researchers developed one of the
mst powerful funcienal tongue models in the world.
But they have an even miore ambitious dream. “Our aim
is to make two people cormmunicate at a distance using

virtual clones which echo their discussion.” Bailly i

uxr.ﬂu:imﬁ witth a grnale, Todo Ehat, the [P = pn-'pclring ‘
a very special experiment room where hurman subjects 55
will be bocked in with a virtual character on a screen.

Behind the obesrvation windows, the researchers will -+
le able to draw valuable conclusions to improve their
compter clones. And no doubt they will share the
results over a hot drink between two experiments with
their Go-odd ICP colleagues. At the entrance to the lab-
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oratery, the coffee room is permanently filled with the . CDHAE'S
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sound of Lively discussions. One thing is sure: in this m

bustling research conter., speech will be around for a ﬂlel“ﬁ"“i.-

good ARy Vears to come. =+ Wi neist
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i, The Imesitute for Spoken Comsmunscation, Joint unie CHRS 1 the
Institui Hational Pobyechrscue de Grenoble (INPG) and Stendhal
Upsversity of Grenelbir,

2. Technaques de Fimagerse, de i modétisation et de & cogniction
(TIMIC = [rnaging, modeling and eogrition techaicguei)|

1. In coflaboratiom wath the Thales groog,
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