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[57] ' ‘ ABSTRACT 

The present invention relates to speech synthesis s_\'s~ 
tcm wherein the acoustic message items are optically 
stored. . 

The system according to the invention comprises: an 
optical store including a plurality 'of diffractive 

I elements pertaining to the holographic technique. 
,Each element is constructed for selectively projecting 
images carrying acoustic information in optical form; 
each projected image being coverted into electrical 
~speech signals through an image converter tube 
associated with a loudspeaker. The image selection 
and its analysis are controlled by adresses supplied 
from a computer. ' 

-4 Claims, 5 Drawing Figures 

wUDsPEAKtRJ 

01151112 I79715A 



3.869.575 PATENTEDHAR 41975 

SHEET 1 0f 5 

?vzwamazg \EEESE 

mmgnzzou VG mg . 





PATENTEDHAR 41% " ' ' 71.869575 

SHEET 3 0F 5 

" 'LOUDSPEAXKER 







‘3,869,575 
1 

SPEECH-SYNTHESIS SYSTEM 
This application is a continuation of our copending I 

application, Ser. No. 237,686, ?led Mar. 24, 1972, now 
abandoned. , 

The present invention relates to systems designed to 
effect synthesis of acoustic messages and more particu 
larly to utilisation in said systems of a fast-access opti 
cal store with, a high storage capacity. . 
One of the numerous examples of application of 

these devices is illustrated by conversion units which 
enable the electrical data supplied by a computer to be 
transformed into acoustic signals simulating speech. 
The acoustic messages synthesised by the above men 

tioned units are generally developed from words or 
phonetic elements previously stored and reconstituted 
in a predetermined order under the control of a com 
puter program. 

In variant embodiments, the vocabulary takes the 
form of numerical data stored in a direct-access mem 
cry of the computer, ‘the conversion unit transforming 
these data into acoustic signals generated by a multi 
channel synthesiser of the vocoder type. Unfortunately, 
the storage capacities of these systems rapidly become 
prohibitive. 4 

In other embodiments, the elements of the acoustic 
message are recorded in analog form in order to make 
them directly accessible to read-out. The data carrier 
may, for example, be a magnetic drum, a disc or a film. 
The difficulty of reducing the access time to the mes 
sage elements, is one of the chief drawbacks of these 
systems. 
The object of the present invention is to overcome 

these drawbacks by using the holographic technique as 
a means of storage of the acoustic signals or simply as 
a means of rapid access to the stored information. 
Speech synthesis system for synthesising acoustic 

messages made of a succession of elementary acoustic 
signals under the control of information data including 
adresses for each of said acoustic signals; said synthesis 
system comprising: holographic storage means includ 
ing a plurality of elementary fringes patterns arranged 
side by side on a support, illuminating means controlled 
by said adresses for directing toward anyone of said 
fringes patterns a beam of monochromatic radiant en 
ergy; image analyser means having an input face posi 
tioned for receiving from anyone of said fringes pat 
terns a reconstructed image of said acoustic signals 
upon illumination thereof by said beam, and electro 
acoustical means having an electrical input coupled to 
the electrical output of said image analyser means for 
delivering said acoustic messages. 

In a better understanding of the invention and‘ to 
show how the same may be carried into effect refer~ 
ence will be made to the following description and the 
appended drawings among which: 
FIG. I is a functional diagram illustrating the various 

components of a speech-synthesis device in accordance 
with the invention. ' 

FIGS. 2 and 3 are ?rst and second examples ofa sys 
tem in accordance with the invention. 
FIGS. 4 and 5- are explanatory illustrations. 
As shown in FIG. 1, a storage block 1 contains in op 

tical form all the information items required for speech 
synthesis. In accordance with the invention and as de 
scribed in more detail in relation to the following tig 
ures,-thc storage block 1 comprises a plurality of dif 
fractive elements of holographic type; each diffractive 

2 
element is designed to reconstitute by projection of an 
image, an elementary form of the acoustic message and 
is de?ned by its position i.e. by its address. 
The sequence of information items which,juxtaposed 

in time, form the desired acoustic message, is con 
structed from a program supplied by a computer 2. 
The addresses produced by the computer 2 control 

' scanning means 3 which are designed to selectively illu 
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minate the various regions ofthe store I which give ac 
cess to the various information items. When the store 
1 receives localised illumination from the scanned 
beam source 3, it projects an image onto the entry face 
of an optical-electrical analyser 6; the electrical signal 
produced by the analyser 6 in response to the received 
image, is applied to electro-acoustic means comprising 
an audio amplifier 9 and a loudspeaker 10. 
The acoustic information to be stored for the purpose 

of subsequent reconstitution and processing by the syn 
thesiser of FIG. 1, comes from a sampling operation of 
those messages which it is desired to synthesise: The 
samples are, for example, the words of a dictionary. 
A more elaborate solution consists in employing 

more elementary samples such as phonemes, or pho 
netic elements which are constituted by the association 
of at least two phonemes. 

ln-order to facilitate the following description, these 
chosen samples will be phonemes but it should be 
clearly understood that any other method of sampling 
could equally well be selected. ' 
Each of the phonemes represents an item of the 

acoustic message. By known techniques of optical re 
cording of sound, it is stored in the form of an optical 
signal. 
Each optical signal representing a phoneme can be 

constituted by a track of non-uniform transparency re 
corded upon a photographic substrate. The optical 
store in accordance with the invention, is constructed 
from a set of transparencies carrying for example 30 
characteristic phonemes required for the synthesis of 
the acoustic messages. 
FIG. 2 provides a schematic illustration of a first vari 

ant embodiment of a synthesiser in accordance with the 
invention. In accordance with this embodiment, the 
transparencies representing the phonemes are re 
corded on a substrate 11 in the form of micro 
photographs 20 arranged in row and column fashion. 
By use of a known technique, these are associated with 
a matrix 12 of holographic lenses 22 the latter being de 
signed to project the images of the micro-photographs 
opposite them, onto the window 13 of an optical 
electrical analyser 14. The analyser 14 may be a vid-‘ 
icon tube. By successively illuminating the pairs formed 
in each case by image and holographic lens, it is possi 
ble to produce on the window 13 of the analyser 14 the 
sequence of images containing the information corre 
sponding to the synthesis of the acoustic message. The 
illumination can be by means ofa monochromatic light 
beam which can be used to successively illuminate the 
micro-photographs 20 or, again, by means of a matrix 
of monochromatic light sources. By way of example, 
the light sources are constituted by photo-emissive di 
odes connected to a supply source 18 through the me 
dium of switching devices 16 and 17 respectively refer 
enced feed X and feed Y. 
The computer 19 supplies lighting commands to the 

X and Y feeds i6 and I7, in accordance with a previ~ 
ously determined program. For example, if at a given 
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instant, during a synthesis sequence, the phoneme eor- I 
responding to the micro-image 20 is to be recon 
structed, the computer 19 supplies the command to the 
feed X 16 to switch to the position b and to the feed Y 
17 to switch to the position d; the light radiation 21 
emitted by the source whose address corresponds to 
the coordinates (b, d) illuminates the micro 
photograph 20. The corresponding holographic lens 22 
then projects the image of the micro-photograph 20 
onto the target 13 of the vidicon tube 14. Concurrently 

_ with the adresses de?ned in the illuminated zone of the 
optical store, the computer 19 supplies to a scanner el 
ement 23 a command to scan the image picked up by 
the target 13. The image must be scanned in accor~ 
dance with the line of the optical tracks projected onto 
the target 13; the analyser thus produces an electrical 
signal 24 which is then amplified by the audio amplifier 
25 and supplied to the terminals of a loudspeaker 26. 
The acoustic message reconstituted by the loud 

speaker 26 will only be intelligible if the number of ele 
mentary data and the cadence of transmission of these 
data, satisfy certain rules ?xed by the technique of tele 
communications. 

In the case of a band of frequencies corresponding to 
a range of acoustic frequencies extending between 200 

. and 3000 CIS, and taking a signal-to-noise ratio of the 
order of 42 dB, the information cadence is close to 
47,600 bits per second. On the other hand, it is well 
known that in current language the mean transmission 
rate is in the order of 2 words per second. Assuming 
that each word contains an average of 3 phonemes, the 
number of bits will be 8,000 per phoneme. 

In practice, it is possible to produce holographic 
lenses which are capable of distinguishing two points 
which are spaced 3 microns apart. Taking the trans 
verse dimension of a bit as four times this distance, 
namely 12 microns, this means that on a substrate with 
a sidelength of 1.08 mm a matrix of (90 X 90) bits can 
be recorded; this combination produces 8,100 bits. As 
suming the light source to be a matrix of electrolumi 
nescent gallium arsenide diodes and using as optical‘ 
electrical analyser a matrix of photo-electric diodes, 
the time taken by addressing, transmission and read 
out, is in the order of I00 nanoseconds and this gives 
a theoretical read out cadence very substantially in 'ex 
cess of the aforesaid rate of 47,600 bits per second. 

i The small size of the micro - image as well as their ac 

cess time, confer remarkable properties of the store in 
accordance with the invention. _ 

In the variant embodiment of FIG. 2, described here 
inbefore, the matrix of micro-images 11 can be consid 
ered as a stage constituting the optical storage plane 
and the matrix 12 of holographic lenses as a second 
stage constituting the optical transfer plane. 

In accordance with another variant embodiment of 
the invention, shown in FIG. 3, these two storage and 
transfer stages are combined into a single stage which 
performs both functions and is simply constituted by a 
juxtaposed arrangement of holograms. ' 
The acoustic information is previously processed to 

form the optical recording of each phoneme; this opti 
cal recording then serves to construct a hologram. 
A complete store designed in accordance with the in 

vention. contains 30 holograms in the case where the 
synthesis of the acoustic message is based upon the use 
of 30 characteristic phonemes. In the case of synthesis 
by words or by phonetic elements, a store will contain 
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4 
as many holograms as there are words or phonetic ele 
ments which it is deemed necessary to obtain correct 
speech synthesis. 
The store 27 in accordance with the invention thus 

has as many holograms as there are phonemes, distrib_ 
uted in the plane x, y in accordance with well defined 
addresses. A laser source 28 emitting light radiation, 
can in particular be utilised to selectively illuminate 
each of these holograms in order to enable the reconsti~ 
tution of the data stored therein. The light radiation 25 
must strike each of the holograms in the optical storage 
plane 27, at an angle of incidence which is determined 
by the conditions under which the hologram is re 
corded. The translational displacement or de?ection of 
the light beam 29, is supplied by the deflector 30. For 
example, if, during a sequence of synthesising a given 
message, the phoneme corresponding to the hologram 
31 whose coordinates are (x, y) is to be reconstituted, 
a computer 19 (similar elements carry the same refer 
ences as in the preceding figure) supplies an address to 
the control element 32 of the de?ector 30. This address 
determines the orientation of the entering radiation 29 
so that said radiation, after passing through the de?ec 
tor 30, occupies the position 33 of the exit plane 
thereof, enabling it to correctly illuminate the holo 
gram 31. The recording of the hologram 31, as also of 
all the holograms recorded in the storage plane 27, en 
sure the projection of the data carried by the hologram 
onto the target 13 of an analysis tube 14. Concurrently 
with the positioning addresses supplied by the com 
puter 19 to the control element 32. of the de?ector 30,' 
the computer 19 triggers a cycle of operation of the 
scanner device 23 associated with the optical-electrical 
analyser 14. In the case ofa vidicon, this scanning is ef 
fected by means of two de?ection coils 31 and 35. 
The electrical output signal 24 resulting from the 

analysis of the optical input signal, is amplified by the 
audio ampli?er 25 and applied to the terminals of a 
loudspeaker 26 which reconstitutes it in an audible 
form. 
As a function of the program supplied from the com 

puter 19, all the data stored in the holograms contained 
in the storage plane 27, are reconstructed in the order 
corresponding to the spoken message. 
The conditions of intelligibility which have been de 

veloped previously in the case of the variant embodi 
ment shown in FIG. 2, are still valid in the case of the 
variant embodiment of FIG. 3. 
FIG. 4 schematically illustrates an optical device for 

constructing holograms for utilisation in the device of 
FIG. 3. The hologram-constructing device is designed 
so that the holograms can project a real image into the 
read-out equipment. FIG. 4 illustrates two variant utili 
sations which differ from one another by the direction 
in which it is chosen to apply the reference wave to the 
photographic emulsion 111. 
Coherent radiation 100 issuing from laser source 

(not shown in FIG. 4) is split by a beam splitter 101 
into two beams 102 and 103. 
The object beam 102 illuminates a diffracting object 

104 constituted in the case of the present invention by 
a transparency upon which there has previously been 
recorded in the form of a non-uniform transparency 
pattern, one of the phonemes utilised for the synthesis 
of the acoustic messages. The object 104, under the ac 
tion of the beam 102, emits diffracted radiation which 
is picked up by a lens 106 designed to project the real 
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image A, B, of the object AB which coincides with the 
object plane M0. The light emerging from the lens 106 
is received by a portion of the unexposed emulsion 111 
carried by the substrate 110. The same portion of the 
emulsion 111 receives the reference beam 103 via the 
mirror 126 and the semi-transparent plate 1.07. Under 
the action of these two received radiation fractions, a 
pattern of interference fringes is formed at the surface 
of the emulsion 111 and recorded there. After develop 
ment of the emulsion 111, a hologram H1 H2 is obtained 
which, when illuminated with a read-out beam having 
the same characteristics as the beam re?ected by the 
plate 107, projects a real image A, ‘B, onto the plane 
M,. The same result can be'obtained if the beam 103 
is directed onto that face of the emulsion 111 opposite 
to the one which receives the light emerging from the 
lens 106; in this case, the elements 107 and 126 are re 
placed by the mirrors 112 and 113. 

lfx, y represent the optical axis of the store described 
in FIG. 3, the distance d separating the plane M,- from 
the plane M” of the photographic emulsion, corre 
sponds to the distance separating the storage plane 27 
from the target plane 13 of the analysis tube 14. Thus, 
at the time of reconstitution, the hologram H1 H2 of 
FIG. 4 centred in relation to the axis 01 02, will form 
upon the target of the analysis tube centred in relation 
to the axis (x, y), a real image which contains all the 
data carried by the object AB. By a process of record 
ing which is repeated by changing the object and dis 
placing the emulsion 111 and the lens 106, the- series 
of holograms forming the holographic matrix 27 can be 
‘produced. 

Each of these holograms is designed for projecting a 
real image which is in all cases centred on the target of 
the analysis tube. 
H6. 5 schematically illustrates another device for 

hologram construction, which differs from that of FIG. 
4 by the fact that the projected image is a virtual image. 
To simplify the description, the same references as 
those used in the preceding figure, have been chosen. 
The object 104, taking the form ofa transparent sub 

strate containing the image AB representing the pho 
neme to be stored, is placed in the plane Ma and illumi 
nated by a beam 102 derived from the radiant energy 
120 produced by a laser source 121 and previously re 
?ected at an auxiliary mirror 122. Another fraction of 
the radiant energy 120 is re?ected by the semi 
transparent mirror 130 in the form of radiant energy 
103 constituting the reference wave which interferes at 
the plane M” with the wave 109 diffracted by the image 

. AB.‘ A transparent substrate 110 carrying a photo 
graphic emulsion 111 is placed in this plane. A mask 
123 has been provided for limiting the exposure of the 
emulsion 111 to the zone reserved for formation of the 
hologram. After the developing of the photographic 
plate, the hologram H, H; centred in relation to the axis 
0, 02, contains all the information carried by the ob 
ject AB. When correctly illuminated by a reconstruc 
tion wave, the hologram thus produces all these data in 
the form of a virtual image located at the distance D, 
from the hologram plane. 
To the right of the emulsion 111 a lens L has been il 

lustrated which does not form part of the hologram 
construction device. This lens forms part of the optical 
system for analysing the images and has been shown in 
FIG. 5 in order to indicate how the virtual image pro 
duced by the hologram on read-out, can be used to 
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form a real image A, B1 in a plane M‘; the plane M, will 
in this case be the plane of the target 13 of the optical 
electrical detector 14. 
As in the case of the device of FIG. 4, it is possible 

on the same substrate to produce the number of holo 
grams corresponding to the number of phonemes 
which are to be stored. In the machine for manufactur 
ing the holograms, it is merely necessary to displace the 
mask 123 in order to remove a fresh portion of photo 
graphic emulsion each time a new object is recorded. 
At the time of reconstruction, the virtual images pro~ 

duced by the hologram are all located in the plane M0 
at the distance D, from the hologram plane. The lens 
L will convert each of these virtual images into a real 
image centred in relation to the axis (x, y) on the target 
of the detector. _ 

In FIG. 5, the reference wave 103 is projected onto 
the photographic emulsion at the same side as the wave 
carrying the object, but this reference wave 103 could, 
by the use of a set of auxiliary mirrors not shown in 
FIG. 5, be made to illuminate the photographic emul- ‘ 
sion on the opposite face, as in the case of FIG. 4. 
What we claim is: - 

1. Speech synthesis system for synthetizing acoustic 
messages made of a succession of elementary acoustic 
signals under the control of information data including 
addresses and a command signal for each of said acous 
tic signals; said system comprising: 
holographic storage means including a plurality of 
elementary fringe patterns arranged side by side on 
a support; . 

illuminating means controlled by said addresses for 
directing toward any one of said fringe patterns a 
beam of monochromatic radiant energy; 

image analyser means including an input face posi 
tioned for receiving from any one ofsaid fringe pat 
terns an image of said acoustic signals upon illumi 
nation thereof by said beam, a scanner device en 
suring scanning of said face under the triggering ac 
tion of said command signal and an electrical out 
put; 

and electro-acoustical means, having an electrical 
input coupled to said electrical output, for deliver 
ing said acoustic messages. > 

2. Speech synthesis system as claimed in claim 1., 
wherein said analyser means comprises a vidicon tube. 

3. Speech synthesis system for synthetizing acoustic 
messages made of a succession of elementary acoustic 
signals under the control of information data including 
addresses for each of said acoustic signals; said system 
comprising: ' ‘ 

a set of transparencies arranged side by side in rows 
and columns and respectively representative of 
said acoustic signals; v 

a set of holographic lenses, each ‘said lens respec 
tively facing one said transparency and projecting 
onto a same common area an image 'of said trans 

parency; , . 

a set of electroluminescent diodes controlled by said 
addresses, each said diode respectively illuminating 
one said transparency; 

image analyser means including an input-‘face posi 
tioned in coincidence with said area for receiving 
from any one of said transparencies an image of 
said acoustic signals upon illumination thereof by 
said diodes, a scanner device ensuring scanning of 
said face and an electrical output; - 
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and electro-acoustical means, having an electrical 
input coupled to said electrical output, for deliver~ 
ing said acoustic messages. 

4. Speech synthesis system for synthetizing acoustic 
messages made of a succession of elementary acoustic 
signals under the control of information data including 
addresses for each of said acoustic signals; said system 
comprising: 

a coherent source emitting a beam of monochro 
matic radiant energy; 

electro-optical de?ecting means for de?ecting said 

5 

beam, said de?ecting means having a control input ' 
for receiving said addresses; 

a set of elementary holograms arranged side by side 
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8 
in rows and columns for receiving said de?ected 
beam, each of said holograms, when illuminated by 
said beam, respectively projecting, directly onto a 
same common area, a real image of one of said ele 
mentary acoustic signals; ' 

image analyser means, including an input face posi 
tioned in coincidence with said area for receiving 
said images from any one of said holograms, a scam 
ner device ensuring scanning of said face and an 
electrical output; 

and electro~acoustical means, having an electrical 
input coupled to said electrical output, for deliver 
ing said acoustic messages. 

* * * it * 


