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1

This invention relates to a device for the
synthetic composition of speech and the use of
such a device in the electrical transmission of
speech. In the case of transmitting speech
electrically the invention has for its purpose to
effect this transmission in such manner that the
required frequency band is much narrower than
the frequency band occupied by the speech
oscillations,

In 5 well-known deviece for transmitting speech
of the general type disclosed in the patent to
. W. Dudley (No. 2,151,091, March 21, 1939)
definite characteristics of the speech are deduced
from the speech oscillations by means of an
analysator on the side of the transmitter, which
characteristics are expressed in a control voltage,
which control voltages are modulated on carrier
waves having a comparatively low frequency and
are then transmitted. These characteristics are
the fundamental frequeney of the speech spec-
trum, if present, and the amplitude of the oscilla-
tions in definite parts of the speech frequency
spectrum. In the well-known device the speech
spectrum is subdivided into ten frequency sub-
pbands and in each of these subbands the mean
amplitude of the oscillations appearing therein
is determined and these characterizing ampli~
tudes are transmitted by means of a control
voltage. Consequently altogether eleven countrol
voltages are required viz. one which is a measure
of the instantaneous value of the fundamental
freguency, the remaining ten control voltages in-
dicating the amplitude of the oscillations in ten
subbands of the speech spectrum.

On the receiver side the characteristics trans-
mitted by the control oscillations serve to control
a device capable of producing artificial speech
oscillations. On the receiver side the control
voltage, which is a measure of the fundamental
frequency of the speech spectrum, controls the
oscillation produced by an impulse generator in
such manner that the fundamental frequency of
the impulses always corresponds to the funda-
mental frequency of the initial speech spectrum.
The impulses containing the fundamental fre-
guency and in addition a large number of higher
harmoenics are supplied to ten band-pass filters,
whose transmission bands respectively correspond
to the ten subbands into which is divided the
speech spectrum on the transmitter side. The
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output circuit of each band-pass filter is con-
nected to an amplifier whose amplification factor
is automatically controlled by the action of the
control voltage, which is a measure of the mean
amplitude of the initial speech oscillations, lo-
cated in the subband corresponding to the trans-
mission band of the band-pass filter.

Not all of the speech sounds comprise a funda-
mental oscillation and a number of higher
harmonics, as is the case with vowels. Thus,
for instance, the hissing sounds consist of a con-
tinuous frequency spectrum. In order that such
sounds may also be transmitted a source produc-
ing a continuous frequency spectrum is provided
on the receiver side, which source is automatically
connected in place of the impulse generator if
no fundamental frequency occurs in the speech
vibrations to be transmitted.

In the device referred to above for the trans-
mission of speech the characteristics are deduced
from the initial speech on the transmitter side.
As an alternative, however, these characteristics
may be produced electro-mechanically, for in-
stance, by means of a number of keys operated
by hand. These keys respectively control, for
instance, the amplitude of the oscillations sup-
plied to the ten band-pass filters, the switching
on of the impulse generator and its fundamental
frequency or the switching on of the source pro-
ducing a continuous frequency spectrum. By
playing the keys correctly any desired frequency
spectrum corresponding to that of the various
speech sounds can be composed fully synthet-
ically.

In the well-known device all of the oscillations
located in the same subband are reproduced with
the same amplitude due to which there is a loss
of faithfulness of the speech reproduced. In fact,
researches on speech have confirmed the fact
that due to resonance phenomena in the cavities
of the mouth, throat and nose definite frequen-
cies, the so-called formants, come strongly to
the fore in the various speech sounds, which
formants essentially determine the character of
the speech. Now these formants cannot be fully
reproduced by means of the well-known device.

In the device according to the invention this
drawback is obviated and, moreover, the advan-
tage is obtained that the number of character-
istics required for the synthetical composition of
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speech, is smaller than with the known device
referred to above.

In a device for the artificial production of
speech sounds by electrical means, in which ac-
cording to the character of the speech sound
%o be produced a continuous spectrum of oscilla-
tions or impulses is produced in which latter case
the frequency of the impulses is controlled in
accordance with the fundamental frequency of
the speech sounds (containing such a funda-
mental frequency) to be produced, the produced
oscillations are, in accordance with the invention,
supplied to a number of resonant circuits, whose
tuning is respectively controlled in accordance
with the formants of the speech sounds to be
produced; furthermore the voltages taken from
the resonant circuits are combined in an ampli-
tude ratio corresponding to the amplitude ratio
of the formants in the speech sounds to be pro-
duced.

In the case of a device for synthetically building
up speech the switching on of the source pro-
ducing a continuous spectrum of oscillations or

f the impulse generator, the tuning of the
resonant circuits and the combination of the
voltages set up. across the resonant circuits in
the ' correct  amplitude-ratio is controlled by
means of keys operated by hand.

In devices for the transmission of speech by
electrical means the control is effected by means
of characteristics which are deduced from the
speech at the transmitter side. 'To this end, ac-
cording to the invention, the speech spectrum to
be transmitted is divided into a number of fre-
quency subbands and the.freguency and the am-
plitude of the formant occurring in each of these
subbands’ is - transmitted respectively by a con-
trol voltage, the control voltages which are. a
measure of the frequency of the formants re-
spectively controlling the tuning of the resonant
circuits on the receiver side, and the amplitude of
the voltages taken from these resonant circuits
being controlled respectively in accordance with
the control voltages that are a measure of the
amplitude of the formants. !

As has been pointed out, in the device accord-
ing to the invention the frequency and the ampli-
tude of the oscillation having a maximum ampli-
tude are determined respectively in a number of
frequency ‘bands of the speech spectrum and
these speech characteristics are. transmitted by
means of control veltages. Now the dquestion
arises in what minimum. number . of frequency
bands the determination of the said character-
istics should take place in order to obtain a still
intelligible transmission of speech. This may
be elucidated by the following explanation of
the mechanism for producing speech scunds.

"~ The air compressed in the lungs passes to the
exterior along the vocal cords through the cavity
of the throat and the mouth, and sometimes also
through the cavity of the nose. In pronouncing
various sounds the flow of energy of the com-
pressed gir is translated into wave energy at
-definite points where the air current is con-
tracted. This may take place, for instance, in
the gap between the vocal cords, in the space be-
tween the tongue and the uvula, between the
teeth, between the lips. - The produced oscilla-
tions are usually relaxation oscillations and con-
sequently contain a large number of harmonics.
When this initial relazation oscillation enters one
or more of the resonance chambers constituted
by the cavities of the throat, nose and mouth,
the latter are excited and caused to resonate as

10

15

20

25

30

36

40

50

56

60

Lil]

70

4

a result of which definite harmonics of the ini-
tial vibration are amplified and others are
damped. The frequencies that are most fav-
oured, the so-called formants, differ from sound
to sound.

Most. consonants, viz. the sonants and all
vowels, that are the actual voice carriers, are sub-
stantially formed with cooperation of the said
three resonant chambers, so that these sounds
will essentially comprise three formants. To
characterize the latter it is necessary to deter-
mine the value and the location of the three
resonances, so that it is necessary to divide the
speech centrum into at least three frequency
subbands and to determine in each of them af
which frequency & resonance maximum occurs
and the value of this maximum.

Other consonants, for instance the explosive
consonants are characterized by transition
phenomena which oceur before or after the pro-
duction of a vowel.

In producing these sounds the current of air
is abruptly released and stopped respectively as
a result of which the resonance cavities of the
speech member are excited in their natural vi-
brations and die out respectively. If the said
consonants precede a vowel the character of the
consonant determines the manner of building up
of the relaxation oscillation of the air-current
produced by the vocal cords.  If the conscnant
is preceded by the vowel the consonant deter-
mines the manner of dying out of the relaxation
oscillation. o

For the artificial production of these sounds
a correct control of the frequency during build-
ing up or dying out of the impulse generator
electrically imitating the vocal cords comes pri-
marily into question.

Experiments have proved that most of the ar-
tificially produced speech sounds are already suf-
ficiently intelligible if they comprise these three
formants. - Hence the device for the artificial
production of the speech sounds according to the
invention must comprise at least three resonant
circuits whose tuning is controlled. This requires
threk control voltages. Furthermore three con-
trol voltages are necessary for confirolling the
amplitude of the voltages set up across. the res-
onant circuits, and another characterizing mag-
nitude has to control the switching on of the
source supplying 2 continuous spectrum of: os-
cillations ‘or' the switching on of the impulse
generator and the frequency of the latter. This
consequently requires altogether at least seven
control voltages.

Hence in devices for electrically transmitting
speech also seven .control voltages are sufficient.

The invention will be more fully explained by
reference to the accompanying drawings giving
by way the example.

Fig. 1 of the drawing is a diagram of a device
according to the invention for elecirically trans-
mitting speech. )

Fig. 21s a graph illustrating the frequency spec-
trum of a vowel sound, ’

Fig. 3 represents the circuit arrangemenst- of
element As in'Fig. 1, )

Tigs. 4a, 4b, 4c and 4d illustrate various wave
forms developed by the circuit of Fig. 3,

Fig. 5 shows the circuit diagram of elements °
Ai to As in Fig, 1,

Fig. 6 represents the circuit arrangement of
element G and element R in Fig. 1, and

Fig. 7 represents the circuit diagram of ele-
ments Ri to Re in Pig, 1,
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The. spectrum of oscillations produced on the
transmitter side Z by talking into the microphone
M is: divided into: four octaves by means of four
band-pass filters ¥y, Fa, Fs and Fa. It is assumed
that, as is well known from telephone technigue,
intelligibility of speech requires & frequency
range of 200 to 3200 cycles/sec. to be reproduced,
so that the transmission bands of the filters
Fi to Fi may be chosen as. follows:

i 200 to 400 cycles/sec.
F3 400 to 800 cycles/sec.
F3 800 to 1600 cycles/sec.
Fi 1600 to 3200 cycles/sec.

The output circuits of the filters are connected to
analysators: A:, As, Az and Ae which determine
in each of the four frequency bands at what is-
the frequency of the gscillation having mazimum
amplitude and the value of this amplitude. Fach
analysator supplies two control voltages, one of
which is proportional to the frequency and the
other to the amplitude of the oscillation having.
the maximum amplitude which appears in one
frequency subband. Furthermore an analysator
As is provided on the transmitter side which
determines whether a fundamental frequency is
available in the oscillations produced by the mi-
craphone and the: value of this frequency. This
- frequency is also defined by a control voltage.
The: nine control voltages thus obtained are the
speech: characteristics; which are transmitied
through lines L to Ls to the receiver side O and
control the device provided on the receiver side
for the artificial production of speech. The last-
mentioned device comprises an impulse generator
G which produces impulses consisting of a funda-
mental frequency with a large number of higher
harmonics; and a generator R producing & con-
tinuous spectrum of electrical oscillations. The
control: voltage, indicating whether a fundamen-
tal. frequency is either or not available in the
oscillations produced by the microphone M and
also indicating its frequency, is transmitted
through. the line Le and. controls the generators
G-and R. This control is such-that on receiving
a control voltage through the line Lo the genera~
tor G-is put into circuit and the generator R is
cut out. In this case the control voltage con-
trols. at. the same time the fundamental fre-
quency of the impulses produced by the genera-
tor G, so that this frequency corresponds to the
fundamental frequency of the oscillations pro-
duced by the microphone M on the receiver side.

When no control veliage is obtained through
the:line Lo the generator R is automatically put
into circuit.

The oscillations produced by the generators G
or R are supplied to four tunable resonant circuits
Ri1, Re,.R3 and Ra. The tuning of these resonant
circuits is controlled by the control voltages that
are a measure of the frequency of the oscillation
having a maximum amplitude which appears in
_ each of the four different frequency subbands into

which the frequency spectrum on the transmitter
side is divided by the filters F1 and Fa. The volt-
ages set up across the resonant circuits R: 1o R4
are supplied to amplifiers Vi to Vs respesctively
which comprise means for automatically con-
trolling the amplification factor. This control
takes place in accordance with the control volt-
ages that are a measure of the amplitude of the
oscillation having 2 maximum amplitude in the
four frequency bands.

The.output circuits of the amplifiers Vi to Vs
are connected: in parallel with each other. A
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telephone T is connected to the common: output
circuit.

To make the operation of the device referred
to bhetter understood it is assumed that the
vowel “a” is to be transmitted whose frequency
spectrum is represented in Fig. 2. The funda-
mental frequency amounts to 128 cycles/sec. so
so that the spectrum. consists of a number of
higher harmoenics of 128 cycles/sec, whose ampli-
tudes. are related. as the lengths of the vertical
lines in Fig. 2. The ends of these lines lie on an
enveloping curve which may be imagined to be
composed of the three dotted curves which have
the shape of resonance curves. After what has
beery said above about the formation cf vowels
these curves may be conceived to represent the
resonance curves of the resonance chambers con~
stituted by the cavity of the mouth, nose and
throat and determining the formants. In the
spectrum of the vowel “a” these formants are
iocated at 640, 1280.and 2688 cycles/sec. in Fig. 2,
i. e. the 5th, 9th and 21st harmonic of the funda-
mental frequency of 128 cycles/sec. produced by
the vocal cords.

For the artificial production of the frequency
spectrum represented in Fig. 2 on the receiver
side O in Fig. 1 the frequency of the relaxation
generator G-must be adjusted at 128 cycles/sec.
and the resonant circuits Rs, Rs and Rs at the
frequencies of 640, 1280 and 2688 cycles/sec. re-~
spectively; the amplification of the amplifiers Vs,
V3.and Va being controlled in accordance with the
amplitudes I1, Iz and Iz of the formants in the
spectrum shown in Fig. 2. From the combina-
tion of the characteristic curves of the resonant
circuits-Re to Re and the amplifiers Va to Va then
results a frequency characteristic of the receiv~
ing device O which approximately corresponds to
the enveloping curve of the vertical lines in Fig. 2.

‘When the impulses produced by the generator
G and having a fundamental frequency of 128
cycles/sec. are supplied to this device there oc-
curs in the common output circuit of the ampli~-
fiers Vi to Ve a frequency spectrum which ap-
proximately corresponds -to the initial frequency
spectrum according to Fig. 2. This frequency
spectrum- is. reproduced: as the speech sound “a”
by the telephone T. -

For the sake cf simplicity it has been assume
in Fig. 1 that the speech characteristics are trans-
mitted in the form of control voltages through
separsabe lines L1 to L from. the transmitter side
to the receiver side. In practice these control
voltages are preferably modulated on carrier
waves e. g. in the manner known from multiplex
carrier wave telegraphy. For the transmission
of the control voltages modulated on carrier
waves. a. hand width of 25 cycles/sec. is sufficient
so that in the system as shown in Fig. 1, in which
nine contrel voltages must be transmitted a to-
tal band width of 9x25=225 cycles/sec. is. re-
quired,. provided that only one side hand of each
carrier wave is transmitted.

After the above explanation of the diagram
shown in Fig. 1 embodying the idea underlying
the invention the parts thereof will be more fully
described hereinafter.

Analysator for the fundamental frequency As

Fig. 3 represents the circuit arrangement of the
analysator As of Fig. 1 for determining the funda-
mental frequency. The speech spectrum to be
analysed and.originating from the microphcne M
in PFig. 1 is supplied to the input terminals. | and
2 of the analysator in Fig. 3. A filter 3 having a
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transmission band of 50 to 400 cycles/sec. is con-
nected to the input terminals. In fact, researches
on speech have proved that the fundamental fre-
quency of sounds possessing such a fundamental
frequency lies between 75 and 350 cycles/seec. and
varies with the pitch of the voice of the various
persons. In the case that a fundamental fre-
quency is present this frequency will consequently
fall within the transmission band of the filter 3.

It is desirable that the low frequencies below
50 cycles/sec. should be cut off by the filter to
avoid wrong response of the analysator at low fre-
quencies ensuing as g result of the pauses between
succeeding syllables and words.

Owing to the comparatively great width of the
transmission band of the filter 8 it will in certain
cases ‘transmit the fundamental frequency and
in addition harmonics of this oscillation; how-
ever, the amplitude of the fundamental frequency
always dominates to a greater or less degree.
This amplitude difference is utilised for complete-
ly sieving out the fundamental frequency. The
output circuit of the filter 3 is connected to the
control grid circuit of an amplifying tube 4 in
which circuit is inserted a resistance & shunted
by a condenser 5, which are so proportioned that
the voltage drop across the resistance § caused
by the control-grid current flowing in the tube 4
adjust the grid bias to such value that grid cur-
rent only flows at a voltage peak of the oscilla-
tions supplied through the filter 3. When using
a tube having a characteristic which is strongly
curved in the surroundings of the point where the

grid voltage is zero it is achieved that the oscilla--

tion having the largest amplitude, i. e. the funda-
mental frequency, is more amplified than the
amplitude of harmonics of the fundamental fre-
quency that may be available. The amplified
oscillations appear through a resistance 1 in the
cathode lead of the tube 4.

In practice it is advisable that a number of
stages connected similarly to the tube & should be
used in cascade to render the amplitude differ-
ence between the fundamental frequency in the
available harmonics so large as to produce
through the resistance T of the last stage prac-
tically only an oscillation having the fundamental
frequency. ' This oscillation is supplied to a lim-
iter tube 8 which transforms the sine-shaped fun-
damental frequency shown in Fig. 4a into an os-
cillation having an approximately rectangular
shape as shown in Fig. 4b. By means of g differ-
entiating transformer 8 the oscillation shown in
Fig. 4b is translated into an impulse-shaped volt-
age represented in Fig. 4c which is supplied to the
control grid of a relay tube {0. Between the
anode and the cathode of this tube is connected
a condenser |1 which is charged through a resist-
ance {2 by a source of direct voltage as a result of
which the anode of the relay tube {8 acquires a
positive voltage relatively to the cathode. The
circuit is adjusted in such manner that whenever
the voltage across the secondary of the trans-
former 9 supplies a positive impulse to the control
grid of the relay tube the latter is ignited and the
condenser {{ is abruptly discharged, whereupon
the discharge through the relay tube is extin-
guished and the condenser is charged again across
the resistance 12. The current impulses produced
at.successive ignitions produce periodic voltage
impulses across a resistance 13, as represénted in
Fig. 4d whose frequency corresponds to the fun-
damental frequency. The direct voltage com-
ponent of these impulses, which is a measure of
the fundamental frequency is sieved out by a
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filter consisting of a resistance 14 and a condenser
15 and is supplied to a pair of terminals 16, I7T.

In this manner we obtain the control voltage
which is a measure of the fundamental frequency
of the speech to be transmitted.  This control
voltage is transmitted to the receiver side through
the line Lg of Fig. 1 which is connected to the ter-
minals 16 and 17 shown in Fig. 3.

In many cases the fundamental frequency is
not at all present in the speech sounds or is very
little pronounced; however, the speech sounds will
then contain a number of higher harmonics. In
such cases the frequency of the fundamental fre-
quency corresponds to the periodicity of the
sound.

In the analysator this oscillation is distorted,
because the large amplitudes are amplified to a
higher degree than the small amplitudes. At the
same time limiter action takes place by grid cur-
rent so that the largest amplitudes are amplified
to a definite value. This takes place in the tube
4 and any preceding stages connected in the same
way. In the last stage the amplitude difference is
so large that solely the largest amplitude is trans-
mitted.

Analysators Az to As

Fig. 5 shows the circuit diagram of the analysa-
tors Ai to A« each of which comprises & device for -
determining the frequency and a device for deter-
minating the amplitude of the oscillation having
a maximum amplitude in one of the four fre-
quency subbands into which the speech to be
transmitted is divided by the filters F'1 to F4.  This
frequency subband is supplied to the input ter-
minals 18 and (9. The circuit and operation of
the first-mentioned device substantially corre-

sponds to that of the device for determining the

fundamental frequency shown in Fig. 3 so that we
refer to this figure for a further description. Ttis
to be noted, however, that the control voltage
which is a measure of the frequency of the oscil-
lation having the maximum amplitude is set up
between the terminals {6 and 17. In Fig. 5 cor-
responding parts of the circuit bear the same ref-
erence numerals as in Fig. 3.

Between the tubes 4 and 8 is provided s trans
former 28 whose secondary is connected tg the
device for determining the amplitude of the os-
cillation having a maximum amplifude. This
device comprises a rectifier 21 which is connec~
ted in series with resistance 22 shunted by a
condenser 23. The circuit acts as a peak detec-
tor so that a rectified voltage is set up. across
the resistance which voltage is proporticnal to
the amplitude of the oscillation having a maxi-
mura amplitude. After having been smoothed
by a filter consisting of a resistance 24 and a
condenser 25, the rectified voltage across the
resistance 22 is supplied to a pair of output
terminals 28, 27.

Impulse generator and generator for producing
a continuous spectrum of oscillations

Fig. 6 represents the circuit of the impulse
generator G and the circuit of the generator R
for producing a continuous spectrum of oscilla-
tions.  The impulse generator comprises a dis-
charge tube 168 whose grids i9i and 102 are
coupled ftogether through a- condenser {93, A
positive - voltage is supplied to the grid - (02
through a resistance 184 and the control voltage
transmitted through the line Le¢ in Fig. 1 is
supplied to the grid 18¢ through a. resistance
108. "This control voltage appears between the



2,458,227

Pair of ferminals 106, 107. A condenser 108 is
connected between the grid {01 and earth. The
circuit of this impluse generator is well known
8o that further explanation is superfluous.

The frequency of the impulses produced by
the generator G is .confrolled by the control
voltage between the terminals 106 and 107. The
so controlled impulses are supplied to the grid
circuit of a discharge tube (09. The frequency
control just mentioned is effected in such manner
that the frequency always wcorresponds to the
fundamental frequency of the initial speech
spectrum received by the microphone M in Fig.
1. If the speech spectrum does not -contain 2
fundamental frequency, in which case there is
no control voltage between the terminals (08
and (07, the generator G is blocked and no
impulses are produced,

“The generator R for producing a continuous
spectrum of oscillations consists of a resistance
{10 in the input circuit of an amplifier {11,
Owing to the thermal agitation of the electrons
in the resistance material a volltage appears
across the resistance {48 which as is well-known,
consists of a continuous spectrum of oscilla~
tions. This continuous spectrum of oscilla~
tions is amplified by the amplifier {1 and
supplied to an attenuation network ii2 whose
attenuation is controlled by the voltage drop
across resistances (I3 and [i4 in the anode
circuit of a discharge tube 1i5. The control
srid of this tube is supplied with a control
voltage set up between the terminals (06 and
107. 'The circuit of the attenuation network
110 and of the tube 1i3 entirely corresponds
to that of the network 212 to 216, and the tube
221 which will be more fully described herein-
after in connection with Fig. 7. The operation
of the attenuation network 142 together with
the tube 115 is such that in the absence of a
cantrol voltage between the terminals 196 and
107 the attenuation network transmits the volt-
age set up in the output circuit of the am-
plifier 114 to the grid circuit of an amplifying
tube {16. This transmission is blocked as soon
as a control voltage is set up between the ter-
minals 106 and 107.

Summarising it appears from what has been
said above that in the presence of ‘a control volt-
age between the terminals 106 and 107 the
impulse generator G supplies impulses to the
tube 189, the frequency of these impulses cor-
responding to the fundamental frequency of the
speech sounds to be transmitted. No trans-
mission of the continuous spectrum of oscilla-
tions set up across the resistance 110 takes then
place to the tube i18. In the absence of the
said control voltage however, the tube 109 does
not receive impulses and the generator producing
a continuous spectrum of oscillations comes in-
to action and this spectrum is supplied to the
tube 118. Consequently, across a resistance 117
inserted in the common anode circuit of the
tubes {908 and 116, there occur either voltage
impulses or a voltage composed of a continuous
spectrum of oscillations according as to whether
the speech sounds to be transmitted contain a
fundamental frequency or not.

The terminals (18 and 119 of the resistance
117 are connected to the input terminals of the
tunable resonant circuits.

Tunable resongnt circuits R; to R4

All of the tunable resonant circuits Ri to Rs
are connected in the same way so that it is
sufficient to describe one of them, for instance
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Ri ‘The circuit is represented in Fig, 7. The
tunahle resonant circuit is constituted by a con-
denser 201 in parallel with the input impedance
Z of a discharge tube 262 which is connected as
a reactance tube. The anode circuit of this
tube includes a resistance 203, and between the
anode and the grid an inductance coil 204 is
connected. The ‘input impedance Z of this
eireuit dis given by the expression

joL

148k )
where L. represents the inductance of the coil
‘204, R the resistance 283 and S the mutual con-
ductance of the tube 202, It follows from this
expression that Z represents the inductive
reactance, the value of the inductance amount-
ing to

4]

_ L

T 1+8R

and therefoere depends on the mutual con-
ductance S. This mutual conductance is con-
trolled by the control veltage, which is a measure
of frequency of the formant in the frequency
‘band ‘2900 to 400 cycles/second and is transmitted
by ‘the line Lz in Fig, 1 to the terminals 205 and
296 in Fig. 7. The resonant circuit constituted
by the condenser 281 and the input impedance
‘7 is so controlled that the resonani frequency
eorresponds to the frequency -of the formant in
the frequency band of 200 te 400 cycles/sec.
The tuned resonant circuit is connected through
a transformer 287 to a pair of ferminals 208,
289 4o which are supplied the oscillations pro-
duced by the source G-or R in Fig. 1. The voltage
set up across the resonant circuit is alse supplied
through a third transfermer winding to an am-
plifier Vi1 whose amplification can be controlled.
The amplification is controlled by ‘the control
voltage, which is transmitted by the line Iz in
Fig. 1 to the ferminals 210 and 2i{ in Fig. 7,
and which effects the attenuation of an attenua-
tion network inserted in the input circuit of the
amplifier Vi. - The network consists of four non-
linear resistances (for instance dry rectifiers)
212, 218, 214 and 2i5. Between the junction
peint 216 of the resistances 24 and 215 and a
centre tapping 217 of the primary winding of
a transformer 218 are connected two resis-
tances 248 and 220 which are at the same time
inserted in the anode circuit of amplifying tube
22i. The control grid and the cathode of this
tube are connected to the terminals 218 and 211
respectively. 'The circuit is adjusted in such
manner that no voltage occcurs between the
points 216 and 217 at an average value of the
control voltage supplied to the terminals 210
and 20{{. With an increase in control voltage
between the terminals 2i8 and 21 the point 217
becomes more negative as a result of which the
resistance of the non-linear resistances 212 and
213 increases and the resistance of the non-
linear resistances 14 and I8 decreases. If, in
contradistinction thereto, the control volitage be-
tween the terminals 210 and 214{ falls below the
average value the point 217 becomes more posi-
tive and the resistances 212 and 23 decrease,
whereas the resistances 2{4 and 2{6 increase.
In the first-mentioned case the attenuation net-
work effects an increased attenuation and in the
second case a decreased attenuation.

By the action of the control of the attenua-
tion network by the control voltage the voltage
set up across the resonant circuit constituted by
the condenser 20i and the impedance Z will
appear with such amplification in the cutput cir-

LI
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‘cult 222, 223 of the amplifier V1 as corresponds to
the amplitude of the formant in the frequency
‘band 200 to 400 cycles/second.

The control range of the resonant circuit is so
‘chosen that only one formant falls within this
rahge. o
- The device O on the receiver side in Fig. 1
‘nay also be used independently for the artificial
production of speech. In this case the required
control voltages may be derived from a number
of sources of potential shunted by potentiom-
eters. These potentiometers may be adjusted
by means of keys. The playing of the keys
requires some exercise but a trained person will
be able to produce speech sounds, words and
‘sentences by means of this device.

" The device according to the invention used in
telephony yields a material saving in the fre-
quency band required for the transmission of
a conversation. In the usual methods of trans-
mitting  telephony a frequency band of about
.3000 cycles/second is required, but in the example
-given above a bandwidth of only 225 cycles/
second is necessary so that in the bandwidth
of 3000 cycles/second of the usual telephony sys-
tems ten conversations may be accommodated
when making use of the invention.

The device according to the invention may
also be used with advantage in microphone-loud-

speaker installations, in which special attention 30

had to be paid hitherto to the avoidance of
acoustic feedback,

When using a device according to the inven-
tion in such installations there is no risk of

such feedback, since the speech oscillations re- -,

produced by the loudspeaker always slightly
deviates in frequency from the initial oscilla-
tions.

‘What we claim is:

1. In an electrical system for producing
artificial speech sounds, a source of harmoni-
cally-related sound frequency oscillations having
a fundamental frequency, means to control the
fundamental frequency of said source in ac-
cordance with the fundamental frequency of a
desired speech sound, means to select from said
source a plurality of oscillations whose respective
“frequencies correspond to the formants of the
desired speech sound, and means to combine
said selected oscillations in an amplitude ratio
corresponding to the amplitude ratio of the form-
ants of the desired speech sound.

2. In a electrical system for producing arti-
ficial speech sounds, a periodic impulse genera-
tor providing harmonically-related sound  fre-
quency oscillations having a fundamental fre-
quency, means to control the periodicity of said
generator in accordance with the fundamental
frequency of a desired speech sound, means to
select from the output of said generator three
oscillations whose respective frequencies corre-
spond to the formants of the desired speech
sound, and means to combine said selected os-
cillations in an amplitude ratio corresponding
to the amplitude ratio of the formants of the
desired speech sound.

3. In an electrical system for producing arti-
ficial speech sounds, a periodic impulse genera-
tor providing harmonically-related sound fre-
quency oscillations having a fundamental fre-
quency, means to control the periodicity of said
generator in accordance with the fundamental
frequency of a desired speech sound, a plurality
of resonant circuits coupled to said generator
each circuit being continuously tunable within
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& distinet subband of the sound freduency spec-
trum, means to tune three of said resonant cir-
-cuits to frequencies corresponding to the for-
mants of the desired speech sound, and means
to combine the voltages developed in said three
resonant circuits in an amplitude ratio corre-
sponding to the amplitude ratio of the formants
‘of the desired speech sound.

4. In an electrical system for producing arti-
ficial speech sounds having a fundamental fre-
quency and formants, means to develop a first
control voltage proportional to the fundamental
frequency of a desired speech sound, means to
develop second control voltages proportional to
the respective frequencies of the formants of
the desired speech sounds, means to develop
third control voltages proportional to the respec-
tive amplitudes of said formants, a periodic
impulse ‘generator for producing harmonically-
related sound frequency oscillations having a
fundamental frequency, means to vary the peri-
odicity of said generator in accordance with said
first control voltage, a plurality of resonant cir-
cuits each coupled to said generator, each reso-
nant circuit being ftunable within a successive
subband of the sound frequency spectrumn, means
to vary the tuning of respective resonant cir-
cuits in accordance with said second control
voltages, a common output channel, a piurality
of adjustable amplifying means coupling each
of said resonant circuits to said output channel,
and means for adjusting respective amplifying
means in-accordance with said third control volt-
ages.

5. In an electrical speech transmission system,
said speech including sounds having g funda-
mental frequency and formants, a microphone
for converting said. speech sounds into corre-
sponding sound frequency oscillations, a plu-
rality of band-pass filters coupled to said micro-
phone for dividing said sound frequency oscil-
lations into frequency subbands, means coupled
to said microphone for developing a first control
voltage proportional to the value of the funda-
mental frequency of said sound frequency oscil-
lations, means coupled to each of said band-pass
filters for developing second control voltages
proportional to the frequencies of the formants
lying in the subbands and third control voltages
proportional to the amplitudes of the formants
lying in the subbands, a periodic impulse gen-
erator for producing harmonically-related sound
frequency oscillations having a fundamental fre-
quency, means to vary the periodicity of said
generator in accordance with said first control
voltage, a. plurality of resonant ecircuits each
coupled to said generator, each resonant ecircuit
being continuously tunable within a respective
subband, means for separately varying the tuning
of said resonant circuits in accordance with said
second control voltages, a sound reproducer, a
plurality of adjustable amplifier means coupling
each of said resonant circuits to said reproducer, .
and means to adjust separately said amplifier
means in accordance with said third control
voltages.

6. A speech transmission system comprising an
input for speech waves, a plurality of filters for
dividing said speech. waves into frequency sub-
bands, means responsive to the occurrence of a
fundamental frequency in said speech waves for
developing a first conftrol voltage proportional to
said fundamental frequency, g first generator ar-
“ranged to be actuated by said first control volt-
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age for producing harmonically-related sound
frequency oscillations whose fundamental fre-
quency varies in accordance with said first con-
trol voltage, a second generator arranged to be
actuated in the absence of said first control volt-
age for producing a continuous spectrum of
sound frequency oscillations, a plurality of res-
onant circuits each continuously tunable within
a respective subband, the inputs of said resonant
circuits being coupled to said first and second
generators, means coupled to said filters for de-
veloping second control voltages proportional to
the frequencies of the formants lying in respec-
tive subbands and third control voltages propor-
tional to the amplitudes of said formants, a
sound reproducer, a plurality of adjustable am-
plifying means coupling the output of each of
said resonant circuits to said reproducer, means
to vary separately the tuning of said resonant
eircuits in accordance with said second control
voltages, and means to adjust separately said
amplifying means in accordance with said third
control voltages.

7. The method of artificial speech production
which comprises the steps of generating har-
monically-related sound frequency oscillations
having a fundamental frequency, controlling the
fundamental frequency of said generated oscil-
lations in accordance with the fundamental fre-
quency of a desired speech sound, selecting from
said harmonically-related oscillations a plu-
rality of oscillations whose frequencies correspond
to the formants of the desired speech sound, and
combining said selected oscillations in an ampli-
tude ratio corresponding to the amplitude ratio
of the formants in the desired speech sound.
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8. The method of artificial speech production,
said . speech consisting alternately of first sounds
having a continuous frequency spectrum and
second sources having a fundamental frequency
and formants, said method comprising the steps
of alternatingly generating a continuous spectrum
of oscillations to similate said first sounds and
generating harmonically-related sound frequency
oscillations having a fundamental frequency,
controlling the fundamental frequency of said
harmonically-related sound frequency oscillations
in accordance with the fundamental frequency
of said second sounds, selecting from said har-
monically-related sound frequency oscillations a
plurality of oscillations whose frequencies corre-~
spond to the formants of said second sounds and
combining said selected oscillations in an am-
plitude ratio corresponding to the amplitude
ratio of the formants to simulate said second
sounds.

: ROELOF VERMEULEN.
WILLEM SIX.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,151,091 Dudley - Mar. 21, 1939
2,183,248 Ri€SE e Dec, 12, 1939
2,243,089 Dudley e May 27, 1941
2,243,525 Dudley o May 27, 1941
2,243 526 budley . May 27, 1941
2,243,527 Dudley e May 27, 1941



