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Introductiaon

Several projests heve been developed in our laboratory during the past ten years
in various areas of speech recognition amd vnderstanding. All these different
projects are related to the general problem of man-machine communication by voice.
We have. first designed an automatic isvlated waord recagnitian system using the
principles of dynemic programming in the time normalization of the words. This
system was then used for the recognition of seguences of digits (postal codes)
and for speach training of deaf children in the framewcrk of the SIRENE project.
Since 1974 we have investigated the problem of connected sentences recognition.
This 1s the most difficult problem in automatic speech recognition : 1t makes
it necessary to teke into account syntactic and semantic-pragmatic information
during the recognition process .

In & first time we restricted ourselves to artificiel language recognition. The
MYRTILLE I aystem was realized in 1975 for the recognition of an artificial
language in the application of a telephone exchange. MYRTILLE I uses a top-down
strategy which turns out to he efficient as far es artificial langusges are
concerned. For natural and pseudo-ratural languages in which the ayntactic
canstraints are far less strong it is necessary to use mare sophisticated stra-
tegles. This is dene 1n the MYRTILLE II project which started in 1977. MYRTILLE
II will be able to understand sentences of spoken Franch with few restrictions
on syntax but in a well-defined application.

This paper will briefly describe these various projects, the methods used and
the results obtained. It will also outline the techniques involved at tha
various processing levels : speech signal processing, pattern recagnition and
speech understanding.

Isplated Word Recognition

1} Basic elgorithm

The most important problem in the recognitian of isolated word for a single
speaker is the time normalization of the words. The technique that we use i1s
based on the computation by dynamic programming [(DP] of a time warping function
which makes it easy to caompensate for the non-linear varistions in duration
which can affect & given word during several pronunciations. Similar technigues
were first used in USSR (1} and Japan [2). Our algorithm iz more simple since
it only computes a local optimum for the warping function instead of 2 global
optimum Yike DP algorithms usually do. This simpiified algorithm is efficient
~ enough far the problem of word matching. Moresover it is less time consuming :
~ @ version of the system was implemented on a 780 8-bit microprocessor. it
recognizes a ten digit vocabulary with a recognition time of about 1 second.
“The speech signal is snalyzed by a bank of band pass filters (15 in the general
system and 3 Iin microprocessor based system).
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Several experiments have given recognition rates from 95 % to 99 % for different
vocabularies up to 100 words.

The lsplated word recognizer is wsed 1lm a system for the recognition of french
pastal codes pronounced continvausly (i.e. sequences of 2 or 3 digits). The
approach we have chosen 1s a semi-global ona ; it consists of two steps

- segmentation of an utterance into digits. This segmentation is carried out
using various parameters as energy, voiclng and spectral varietions computed
from the outputs of a spectral analyzer,

- recognition of the digits by the dynamic matching algorithm.

Work 1s presently in progress in order to test this system on a great amount
of data.

Since 1974 we have developed the SIRENE system for speech training of deaf
children [4]. The basic idea of this syatem is to compensate for the lack of
auditory feed back by use of visual displays. SIRENE is presently based on a2
minicomputer but some parts have already been implemented on microprocessors.
The system 1s intended to be used by speech teachers and therapists, but is can
also be used by children for self-training. Several speech paramsters are
hardware extracted and displayed on a screen. In fact three categories of trei-
ning procedures are related to these parameters :

- prosodic pareameters : pitch, intensity, rhythm and correlation between these
parameters,

- frequency parameters : forments, and so on. This mskes it possible to train
the child to utter isolated sounds,

~ words and phrases : these procedures are intended to train the child to learn
a vocabulary of 1solated words and/or phrases. The matching procedurs is the OP
preoccedure described previously. Dynamic programming is very interesting for the
dgaf since the varietions of rhythm and durstion may be wvery important.

SIRENE has baen used for ong year by therepiasts with deaf children and alsoc with
hearing childrerr whe have typical pronunciation defects. The results obtained
are quite good.

Recopnition of santences

The first attempt to sentence recognition in our lasbaratary was concerned with the
recognition of isolated word sentences of a machine-tool control language (53.

We have then developed the MYRTILLE I system for connectad sentence recognition.
This system was designed for artificial languege processing ; i.e. languages

with strong syntactic constraints (the language used in MYRTILLE I is & small
subset of spoken French corresponding to the dialog with a telephone exchangel.
The constraints on syntex made 1t possible to build a top-down system in which

the recognition process is driven by a parser [5], .

This strategy cannot be implamented for natural language. In the MYRTILLE I@
projact we have therefore designed a new strategy which is both to-down and
bottom-up according to tha context. In the case of natural languags the role

aof syntax becomes less preponderant end it is impossible to completely distin-
guish between syntax and semesntics. The representation we have choosen incorpo-
rates both syntax and semantics in a unified way. It consists of a net work with
procedural nodes. This representation is in some sense similar to an ATN grammar’
[6) but the procedures which are at the nodes of the neatwork make it possib¥g <+
to dynamically modify the parsing according to semantic information.
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MYRTILLE II is presently completely defined and its implementation is in Progress.
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