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1 
This invention relates to the analysis and syn 

thesis of speech or similar complex signal waves. 
The invention also relates to methods and means 
for transmitting with reduced frequency-range 
the intelligence that is contained in a train of such 
waves from one point where the waves are an 
alyzed to another point where the waves are re 
constructed. 
A system of this general type is disclosed and 

claimed in Patent No. 2,243,527, patented May 27, 
1941, to Homer W. Dudley. The present inven 

- tion is an improvement on this type of system and 
makes use of an analyzer and a synthesizer that 
are different from those shown in that patent. 

It is well recognized that speech signals may be 
viewed as relatively high-frequency sound waves 
that have been modulated at a relatively low 
frequency rate. They are commonly divided into 
two main classi?cations according to their 
“voiced” or “unvoiced” characteristics. In the 
voiced class, the speaker’s vocal cords are set into 
vibration by his breath stream, and there is pro 
duced a sound wave in which the components are 
in harmonic frequency relation to a fundamental 
wave component which may or may not actually 
be present in the sound. In this class,'the ma 
jority of the signal energy is concentrated in the 
lower frequencies. In the unvoiced class, the 
audible sound is produced by forcing the speaker’s 
breath through one or more constrictions in the 
vocal passageway to cause the air flow to become 
turbulent in such manner that the wave’s energy 
is distributed more or less continuously through 
out its frequency spectrum, but with the majority 
of the energy at the higher end of its spectrum. 
The audible-frequency components that are thus 
superimposed upon the speaker’s breath stream 
are then modulated in the vocal passage extend 
ing from the glottis to the mouth and nose open 
ings in a manner which may be termed cavity 
modulation. Depending upon the positions of the 
larnyx, soft palate, lower jaw, tongue, and lips, 
certain of the frequencies are transmitted through 
the vocal passage with greater efficiency than are 
other frequencies; and as a result, certain of the 
frequency components or overtones appear to be 
reenforced relative to the others. These frequen 
cy regions of wave reenforcement are sometimes 
called vocal resonances or formants. For the 
purpose of this description, these terms shall be 
taken to be synonymous and to be indicative of 
the frequency locations of the major portions of 
the wave’s energy. The formants shift in fre 
quency and strength from sound to sound, and 
may even shift during some sounds, because of 
changes in the sizes and shapes of the vocal 
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passage cavities, which changes are caused by 
movements of the tongue, lips, and other com 
ponents. This cavity modulation process con 
trols the shape of the modulated envelope of the 
sound wave and usually causes several such 
formants or vocal resonances to exist in a speech 
signal wave. In general, the spectra of the dif 
ferent speech sounds can be adequately repre 
sented as regards intelligibility by three, at most, 
of such frequency regions of wave enforcement. 
The cavity modulation process, being the result 
of physical movements of the body components 
which bound the vocal passageway, occurs at rel 
atively low rates which are de?nable by frequency 
components in the region below 40 or 50 cycles per 
second. The term “de?nable” as here used, is in 
tended to mean that the wave form of the modu 
lation may be reconstructed with an accuracy that 
is sufficient for most signal reproduction purposes 
by frequency components that are not greater 
than the speci?ed 40 or 50 cycles per second. 

In accordance with the subject invention, the 
complex signal wave is analyzed in much the 
same manner that the human ear is thought to 
analyze such waves. That is to say, the wave is 
analyzed on a time-frequency-intensity basis to 
determine the frequency position and the relative 
intensity of each of its principal formants or vocal 
resonances. Indicia of these frequency locations 
and relative intensities are derived and are uti 
lized in controlling the synthesis or reconstruc 
tion of the original signal. This analyzing proc 
ess differs materially from the previously known 
analyzing processes in that it subdivides the origi~ 
nal signal wave into only two or three principal 
bands to determine the positions of the vocal 
resonances instead of employing a great number 
of narrow band-width ?lters to subdivide the sig 
nal ‘wave on a frequency basis. It also differs in 
that in addition to derivingindicia of the main 
energy groupings in’ a signal wave, there are de 
rived indicia of the relative intensity, or energy 
content, of each vocal resonance or formant. 
In the synthesizing process, electric energy hav 

ing frequency components that are distributed 
over the spectrum of the signal wave is transmit 
ted through a plurality of variable and selective 
parallel transmission paths. In each of these 
paths, this electric energy is shaped to resemble 
one of the formants or vocal resonances of the 
original signal wave. The energy within each 
shaped formant is also adjusted to the same 
amount relative to the energy of the other 
formants as existed in the original signal wave. 
This frequency-shaped and intensity-controlled 
electric energy is then supplied to a conven~ 
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tional sound reproducer to reconstruct the 
original sound wave in the usual manner. 
This synthesizing, or reconstructing, process 
differs from the prior art in that the energy 
of the reconstructed signal is not only grouped 
or concentrated at the same spectrum loca 
tion as in the original signal, but they are in 
dividually controlled to the same relative order 
of magnitude as existed in the original signal. In 
addition, the formant damping of all reconstruct 
ed signals is caused to change in substantial ac 
cordance with the way the damping of the form 
ants changes with frequency in an average signal 
source. “Average” as here used is to be under 
stood as being synonymous with the mean of a 
large number of representative sources. 
A more complete understanding of the inven 

tion may be gained from the following descrip 
tion of one of its preferred embodiments, when 
considered in conjunction with the drawing, in 
which: 

Fig. 1 is a combined schematic and block dia 
gram of the transmitting or analyzing apparatus 
of a system in accordance with the invention; 

Fig. 2 is a similar diagram of the receiving or 
synthesizing apparatus of the same system; 

Fig. 3 is an explanatory graph of the frequency 
attenuation characteristics of certain resonant 
elements which are included in the above-referred 
to transmission paths and which will be later 
described; and 

Fig. 4 is a graph of the energy-frequency dis 
tribution of a characteristic vowel sound to which 
reference is made in the description herein. 

Referring now to Fig. 1, speech or other sounds 
that are to be analyzed enter the system through 
pick-up device I0 which may be a microphone or 
any other suitable transducer for converting 
sound vibrations, mechanical vibrations, or light 
vibrations into electric vibrations. The pick-up 
device Ill feeds into the volume operated gain ad 
justing device 12 which may be an ampli?er of 
the type that is disclosed in Patent 2,019,577, 
patented November 5, 1935, to D. Mitchell et al. 
The output from ampli?er 12, which is substan 
tially constant irrespective of variations in the 
level of the signals received from microphone [0, 
passes into four separate circuit branches. The 
upper branch, including the frequency counter l4 
and full wave recti?er it, constitutes the pitch 
determining branch in which are produced indi 
cations of the frequency and the relative ampli 
tude of the fundamental wave component when 
the input signal is of the “voiced” class. The 
amplitude indication from this branch is also 
used in conjunction with the similar indication 
from the highest frequency formant-determining 
branch to distinguish between “voiced” and “un 
voiced” input signals. The three lower circuit 
branches including ?lters F2, F3, and F4 consti 
tute the vocal resonance or formant-indicating 
portion of the system. They are substantially 
identical and for this reason, the arrangement of 
only one of them has been shown in detail. The 
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remaining two channels are symbolically indi- _. 
cated by the rectangles 22, 26, and 24, 28, which 
for the purpose of this disclosure shall be taken 
to indicate the frequency-counting and energy 
rectifying branches of these channels, respec 
tively. In these formant-indicating circuit 
branches, there are produced indications of the 
frequency position and the relative energy con 
tent of each of the three lower frequency form 
ants in the signal Wave. 
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The pitch determining or fundamental fre 
_ 

'quency control branch of the circuit extends 75 

4 
from the output of ampli?er l2 through wave 
?lter F1 and an isolating ampli?er. Filter F1 may 
be so constructed that it passes the voiced fre 
quencies below about 400 cycles per second. 
Equalizer E1 is connected to the output of the 
ampli?er. This equalizer E1, as disclosed in R. R. 
Riesz, Patent 2,183,243, December 12, 1939, has 
its loss increasing with frequency so as to insure 
that the fundamental frequency which may vary 
from about 80 to 400 cycles is transmitted at a 
high power level compared to any upper har 
monics that may be present. Equalizer E1 is not 
an essential part of the invention, but its use is 
here indicated since it increases the certainty 
that frequency counter M will be actuated by the 
fundamental wave component and not by a 
prominent upper harmonic component. The 
equalized wave from E1 is supplied to the input of 
frequency counter l4. Recti?er I6 is also con 
nected to the output of the isolating ampli?er. 
It may be any suitable arrangement such as the 
indicated full-wave rectifying device and 50 cycle 
low-pass ?lter for producing in connecting cir 
cuit 30 a direct-current, the magnitude of which 
is substantially linearly proportional to the energy 
in the band of wave components. This direct 
current is subject to the same amplitude fluctu 
ations that occur in the band of signal wave com 
ponents, which fluctuations do not contain com 
ponents that are greatly in excess of those equiv 
alent to 50 cycles per second. Variations in the 
amplitude of this direct-current control the 
transmission loss through the variable attenuator 
portion of variable ampli?er 34 in the synthesiz 
ing apparatus in a manner and for the purpose 
which will be later described. 
Frequency counter I4 which is connected to the 

output of equalizer E1 consists of a pulse produc 
ing circuit comprising the gas-?lled tubes 38 and 
4c and a rectifying, circuit which includes the 
diodes 54 and 56. The input transformer T1 is a 
three winding transformer having two secondary 
windings 36, 31, the polarity senses of which are 
reversed so that the control grid end of one wind 
ing is positive when the signal voltage that is 
applied to the primary winding is in the positive 
half of its cycle and the control grid end of the 
other winding is positive when the signal voltage 
applied to the primary winding is in the negative 
half of its cycle. Bias battery 43 is provided to 
bias the control electrodes of the gas-?lled tubes 
by a suitable amount. Resistors 42 and 46 are 
included in the cathode circuit of the gas-?lled 
tubes 38, 40, as is indicated. Capacitor 44 is con 
nected between the cathodes of the two gas-?lled 
tubes and is shunted by the capacitor-resistor 
combination comprising resistors 45, 41, and 
capacitors 48, 50. The anode electrodes of diodes 
54, 56 are connected to the junction of respective 
resistor-capacitor combinations, as shown, and 
.the cathode circuit of these diodes including load 
resistor 52 is connected to the mid-point of re 
sistors 45, 41. Inductors 51, 58, and capacitor 59 
constitute a conventional 50-cycle low-pass ?lter. 
The output of frequency counter i4 is connected 
over connecting pair 6!} to the relaxation oscil 
lator 62 in the synthesizing apparatus of Fig. 2. 
It is the function of frequency counter M to p1‘0~ 
duce in load resistor 52 a pulse of direct-current 
each time that the equalized signal wave from E1 
crosses its time axis. 
The manner in which this circuit accomplishes 

this purpose may be visualized if it is assumed 
that at any given instant the upper gas-?lled 
tube 38 is conducting saturation current and the 
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lower gas-?lled ‘tube 40 is non-conductive; 
Under these conditions, there is va potential 
drop across cathode resistor 42, which potential 
difference charges capacitor 44 and the shunt 
ing capacitors 48, 50. If the polarity of the 
signal wave in the primary winding is now re 
versed, the potential of the control electrode of 
tube 38 becomes negative and that of the con 
trol electrode of tube 40 becomes positive. When 
the positive potential of this latter control elec 
trode reaches such a value that saturation cur 
rent starts to ?ow in tube 40, a large potential 
difference is created across cathode resistor 46. 
Because capacitors 44, 48, and 50 cannot in 
stantaneously adjust their charges to this re 
vised potential condition, the cathode of tube 
38 is momentarily raised to a potential which 
is positive with respect to its anode, and since 
its control electrode is now negative with re 
spect to the cathode, current conduction in this 
tube is extinguished. Extinction of current con- 
duction in tube 38 removes the potential dif 
‘ference across cathode resistor 42 and reverses 
the charge ‘across capacitor 44 and shunting 
capacitors 48, 5b. This process is repeated each 
time that the input signal voltage crosses its 
time axis, or reverses its polarity. Each time 
that the charge on capacitor 44 is reversed, there 
is a corresponding reversal of charge on capaci 
tors 48 and Bi! with consequent current ?ow in 
resistors 45 and 41. Since resistor 45 is shunted 
across the anode-cathode path of upper diode 
54 and resistor 41 is likewise shunted across the 
same path of lower diode 56, current ?ow in a 
given direction through these resistors produces 
‘potential differences which cause current con 
duction in one or the other of diodes 54, 55 
‘with a consequent current pulse in load resistor 
52. Since the charge on these capacitors is re 
versed each time that current conduction in gas 
tubes 38, 40 is changed, which change occurs 
twice for each cycle of the applied signal wave, 
it follows that two current pulses are produced 
vin'load resistor 52 for each cycle of the signal 
wave. 
saturation current ?ows in gas tubes 38, 40, the 

Furthermore, since the same value of 

potential charge of capacitors 48, 50 and the 
current that ?ows through resistors 45, 41 are 
of the same magnitude each time the polarity 
of the charge is reversed. It follows, therefore, 
that the current vpulses in load resistor 52 are 
each of the same magnitude, and the value of 
these pulses, as averaged by the 50-cycle low 
pass ?lter, is a direct indication of the number 
of reversals in-and, hence, the frequency of the 
fundamental wave component. This averaged 
current is supplied over connecting pair 60 to 
control the frequency of oscillation of relaxation 
oscillator 62 in the synthesizing apparatus 
(Fig. 2). 
The formant or vocal resonance-determining 

portion of the analyzing circuit proceeds from 
the output of vampli?er [2 to the inputs of wave 
?lters F2, F3, and F4, the attenuation character 
istics of which are so arranged that they pass 
wave components that normally contain the ?rst, 
second, and third formants, respectively, of the 
signal wave. For example, ?lter Fa may trans 
imit the frequency band from about 300 to 800 
cycles per second. Filter F2 may transmit fre 
quencies in the band from 800 to 2300 cycles 
per second, and ?lter F4 may transmit wave 
frequencies in excess of 2300 cycles per second. 
The-respective ?ltered Wave components may be 
ampli?ed before they. are supplied to the inputs of 
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frequency counter 18, 22, or'26 vand the inputs'of 
full wave recti?er 20, 24, or 28. ‘ These frequency 
counters and the recti?ers may be identical to the 
corresponding units .14 and 16 in the previously 
described pitch determining or fundamental fre 
quency control branch of the system. For this 
reason the circuit details of only the ?rst form 
ant-determining branch of vthe circuit are shown. 
It will be understood that ‘the circuit arrange 
ments of the various units in the second. and 
third formant-determining circuit branches are 
the same as those shown for the ?rst branch and 
which have been described in connection with 
the fundamental frequency branch of the ana 
lyzer. The slowly ?uctuating control current 
outputs from these circuits branches, which cur 
rents are indicative of either the frequency po 
sition of a respective formant or the energy 
content of the wave components in that form 
ant, are supplied over connecting transmission 
paths 9!], 92 vetc., as shown, to ‘the synthesizing 
apparatus of Fig. 2 where vthey exercise control 
functions in the production of a synthetic signal 
wave which is substantially a replica of the 
original signal wave. For simplicity of ' dis 
closure, the connecting transmission paths be 
tween the analyzing apparatus of Fig. 1 and the 
synthesizing apparatus of Fig. 2 are here shown 
as a plurality of conductor pairs which may be 
limited-frequency lines or which may be any 
one of a number of other suitable types of trans 
mission means. Thus, the eight individual con 
trol currents, each of which has a band width 
that is equivalent to about ‘50 cycles per second, 
may be shifted into a single continuous-fre 
quency band for transmission by radio or any 
other suitable means if it is desirable to so do. 
Referring now to Fig. 2, a relaxation oscil 

lator 62 provides a source of discontinuous elec 
tric waves of rectangular or saw tooth shape 
in which a great number of wave components 
are in harmonic frequency relation to the ‘funda 
mental wave component. The frequency dis 
tribution of these wave components resembles 
the distribution of the components of the vocal 
cord waves or “voiced" speech signals. This 
source of rectangular waves is occasionally re 
ferred to as the “buzz” source. It may be a con 
ventional multivibrator oscillator of which sev 
eral suitable types are known in the art, or it 
may be 'alrelaxation oscillator such as is shown 
in Fig. 3 of Patent 2,183,248, December 12, 
1939, to R. R. Reisz. As is disclosed therein, 
the frequency of the fundamental wave of this 
oscillator is determined by the magnitude of the 
direct-current that flows through a .resistor in 
the oscillator’s grid circuit. This resistor termi 
nates connecting pair BO'and the direct-current 
which ?ows through the grid resistor is the cur 
rent that is produced by the equal amplitude 
current pulses in load resistor 52 in the funda 
mental frequency control branch of the ana 
lyzing circuit. 
A thermal noise generator 64 provides electric 

energy in which the components are distributed 
over the entire signal frequency spectrum in con 
tinuous random distribution, and in which the 
major portion of the energy is vgrouped in the 
upper portion of the wavezspectrum. This source 
is occasionally referred to as the"‘noise” source 
and provides the energy for the synthesized “un 
voiced” sound signals. This noise generator may 
be of any suitable design, one such type being 
that shown in H. ‘W. Dudley Patent 2,243,089, 
patented May 27, 1941. . ~~ 
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T The output ‘of each wave ‘source 62, 64 is con 
nected through isolating ampli?ers to the con 
tacts of the unbiased polar relay 66. The- in 
tensity or energy-level indicating currents from 
the fundamental frequency branch and the high 
frequency or third formant branch of the analyz 
ing circuit act in opposition in the windings of 
this relay. The upper relay winding is connected 
across connecting circuit 68 and receives energy 
from the third formant branch of the analyzer 
circuit as detected by recti?er 28 (Fig. 1). The 
lower relay winding is connected across con 
necting pair 30 and receives energy from the 
fundamental frequency branch of the analyzer 
circuit of Fig. 1. Because the major portion of 
the signal energies of the voiced and unvoiced 
types of sound signals reside at opposite ends 
of the frequency spectrum, it is clear that relay 
66 will move its armatures in accordance with 
whichever type of signal energy is predominant 
in the original signal wave at any given instant, 
and connect the energy from either relaxation 
oscillator 62 Or noise generator 64 to the syn 
thesizing circuit branches of the receiving ap 
paratus. ' i 

The fundamental frequency reconstruction 
branch of the circuit comprises ?lter F5 which is 
a low-pass ?lter having substantially the same 
frequency attenuation characteristic as ?lter F1 
in the analyzing apparatus. The output from 
this ?lter is connected through an isolating am 
pli?er to the input of a variable ampli?cation 
unit 34. Variable ampli?er 34 comprises a sub— 
stantially constant gain ampli?er section includ 
ing vacuum tube 94 and a variable-attenuation 
unit 32 of the type that is commonly designated 
as a “vario-losser.” Together, these compo 
nents, constitute'a volume control circuit, the out 
put level of which is regulated or controlled in 
accordance with the magnitude of the funda 
mental signal energy that is detected or recti?ed 
in full-Wave recti?er I6 of Fig. 1. This detected 
energy is received over connecting pair 38 and is 
impressed across the unilaterally-conducting ele 
ments 93, 95 in vario losser 32. This vario losser 
may be any one of several well-known types and 
may suitably be as shown in which the unilateral 
devices 93, 95 may be composed of any suitable 
non-ohmic substance such as tellurium-copper. 
Such unilateral devices are commonly called 
varistors. They are arranged in a bridge-con 
nected circuit between input transformer T2 and 
output transformer T3. The resistance of these 
varistor units to alternating current is inversely 
proportional, over a wide range of current values, 
to the magnitude of the direct-current that ?ows 
through them. Therefore, the transmission loss 
between input transformer T2 and output trans 
former T3 is directly controlled by the magnitude 
of the current in connecting pair 39 and varies in 
inverse relation to changes in the magnitude of 
this current. The ampli?er section comprising 
vacuum tube 94 is substantially a constant-gain 
device and, therefore, the overall transmission 
equivalent between input transformer T2 and 
output transformer T4 depends upon the magni 
tude of the energy detected in the fundamental 
frequency branch of the analyzing circuit. 
The ?rst, second, and third formant control 

branches of the synthesizing circuit comprise 
shaping networks ‘I0, ‘I2, and ‘I4 together with 
their variable amplifying units 96, 98, and I00, 
respectively. As in the case of the analyzing 
portion of the circuit, the details of only the ?rst 
formant control circuit are shown and described 
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8 
herein. It will be understood that, except as 
noted, the circuit details of the second and third 
formant control branches may be identical with 
those of the ?rst formant control branch. Each 
shaping network comprises a direct coupled am 
pli?er, a variable resonance unit, and a ?xed 
gain amplifying section. ‘The direct coupled am 
pli?er comprises vacuum tubes 84, 86 and their 
connecting circuits. A potentiometer 88 forms 
a termination for connecting circuit 90 and is 
included in the control electrode-cathode circuit 
of vacuum tube 86. One end of this potentiom 
eter is connected to the cathode of this tube and 
the movable contact is connected to the control 
electrode of this tube. As the output current 
from frequency counter 18 (Fig. 1) increases, 
corresponding to an increase in the frequency 
of the ?rst signal wave formant, the control elec 
trode of tube 86* is made more negative with re 
spect to its cathode. This action increases the 
anode potential of this tube and also increases 
the control electrode potential of tube 84 and 
the anode current flow in this tube. This in 
creased anode current ?ows through the bias 
control windings 8| of the variable inductor 80 
to change the effective inductive value of Winding 
82 which is included in a resonant circuit com 
bination with capacitor ‘I8. Increased current 
?ow in bias control winding 8| increases the flux 
saturation in the coil core of inductor 80 and 
reduces the effective inductance of winding 82. 
This resonant circuit is shunted between the con 
trol electrode and cathode electrode of the ?xed 
gain ampli?er 19 in such manner that the loss 
frequency characteristic of these combined units, 
that is, the resonant combination and ampli?er 
‘I9, is controlled by the resonant frequency of the 
capacitor ‘IS-inductance 82 combination. At the 
frequency of resonance, this combination pre- 
sents maximum impedance between the control 
grid and cathode electrodes and hence the overall 
loss is at a minimum. Resistor 16 provides a 
damping factor which changes as the resonant 
frequency of the combination is changed. This 
result arises by virtue of the fact that as the bias 
ing current is varied in inductor 80, the alternat 
ing current resistance of winding 82 varies and 
hence the ?gure of merit of this coil varies. 
Variations in this ?gure of merit when combined 
with damping resistor ‘I6 cause a broadening or 
sharpening of the resonant peak and hence a 
variation in the damping factor of these reso 
nances. The value of resistor ‘I6 in each network 
may be chosen of such value that the damping 
that is imparted to the formant produced by the 
network varies with changes in the frequency 
position of the formant in substantially the same 
manner as the mean damping characteristic of 
the corresponding formant of a large number of 
representative vocal tracts. Thus, the formant 
damping resembles that of an “average voice” 
over the entire range of the synthesized signal. 
In order to simulate a particular damping char 
acteristic, it may occasionally be desirable to 
include a small resistor (not shown) in series with 
the coil 82 and capacitor ‘I8 of the anti-resonant 
circuit. This resistor will ordinarily not exceed 
two or three ohms. 
The insertion-loss of the variable resonant unit 

of shaping network 10 is indicated by curve I06 
of Fig. 4 for the condition when the anode current 
?owing in bias control windings BI is adjusted 
so that the resonant frequency of this combina 
tion is about 750 cycles per second. Curves I08 
.and H0 or this same ?gure show the insertion 
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loss of similar resonant combinations in shaping 
networks '12 and 14, respectively, when they are 
adjusted for resonant frequencies of about 1500 
and 2550 cycles, respectively. The effect of re 
sistor 16 and the varying ?gure of merit in this 
circuit in controlling the damping factor may be 
seen from the following observed results on one 
tested embodiment of the invention when the 
circuit constants were chosen to simulate speech 
signals. The damping of the resonant unit in 
the ?rst formant-shaping network varied from 
1300 decibels per second to 3000 decibels per 
second as the resonant frequency was varied from 
300 to 900 cycles per second. The damping of 
the resonant unit in the second formant-shaping 
network varied from 8000 decibels per second to 
11,000 decibels per second as the resonant fre 
quency was changed from 900 to 2700 cycles per. 
second. The damping of the resonant unit in 
the third formant shaping network changed from 
10,000 decibels to 15,000 decibels per second as 
the resonant frequency was changed from '3000 
to 9000 cycles per second. 
The resonant units in shaping networks 10, 12, 

and 14 are substantially the same except that the 
values of damping resistor 16, the capacitor '18 
and inductance 82 are varied to cause the fre 
quency of resonance of each resonant combina 
tion to coincide-with the minimum frequency of 
the frequency range that is to be covered by that 
unit. In one tested embodiment of the invention 
in which the electron discharge device 19 was a 
conventional type 608G vacuum tube and in 
which the undesignated circuit components were 
of conventional values, the following values were 
found to be suitable: 

Shaping Shaping Shaping 
Network 70 Network 72 Network 74 

Resistor 76_._ ms. 3200 ohms. 9000 ohms. 
Capacitor 78_. .. 0.84 m. f. 0.178 m. f. 0.044 m. f. 
Inductance 82 (no bias 0.6 H. 0.3 H. 0.142 B. 
current). 

Inductance 82 is so constructed that when the 
minimum anode current flows through its bias 
control windings 8|, which windings are reversed 
so that current fluctuations in them do not pro 
duce induced ?uctuations in winding 82, the 
winding 82 has the correct inductive value corre 
sponding to a desired minimum resonant fre 
quency. The anode current in vacuum tube 84 
is suitably controlled to produce this desired in— 
ductance value for each of the shaping networks. 
As the current output from the respective fre 
quency counter in the analyzer circuit increases, 
corresponding to an increase in the frequency of 
the analyzed formant, the inductive value of the 
winding 32 is decreased and the resonant fre 
quency of the resonant combination is suitably 
increased. . 

The selectively-shaped wave components from 
shaping network 10 may be transmitted through 
an isolating ampli?er to the variable amplifying 
unit 96, the circuit details of which are identical 
to those that have been previously described in 
connection with the variable amplifying unit 34 
in the fundamental frequency reproduction 
branch of the circuit. Except for the above-noted 
differences in the values of the damping resistors 
and resonant combination, the formant-control 
branches for the second and third formants are 
identical with the above-described ?rst formant 
control branch. A conventional mixing ampli?er 
m2 is connected to the Qlltput pf each or the 
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'10 
three formant control branches and to the out 
put of the fundamental frequency reproduction 
branch to suitably combine the shaped wave com 
ponents before they are further ampli?ed and 
applied to a conventional sound reproducer I04. 
The combined operation of the circuits of Figs. 

1 and 2 will now be described, assuming that 
the vowel “a” as in “at” is being analyzed and 
synthesized. The instantaneous energy-fre 
quency distribution of this sound may be ap 
proximately as is shown by the frequency 
intensity graph of Fig. 3. From this graph, it 
will be noted that the fundamental frequency 
of this complex Wave is about 150 cycles per 
second; that the maximum energy is centered 
in the low-frequency or ?rst formant at about 
750 cycles per second and that second and third 
vocal resonances or formants occur at about 1500 
and 2550 cycles per second, respectively. The 
damping of the first, second, and third formants 
is approximately 4100, 9300, and 15,000 decibels 
per second, respectively. This wave, when an 
alyzed in the circuit of Fig. 1, produces at the 
output of the fundamental frequency counter 
14 and in connecting pair 60 a current the mag 
nitude of which is representative of the 150 
cycle per second fundamental wave component 
and at the output of the energy detecting recti 
?er l6 and in connecting pair 30 a current the 
magnitude of which is representative of the sig 
nal energy that is contained in the signal fre 
quency spectrum below 400 cycles per second. 
Similarly, direct currents that are identifying 
of the frequency position of and the energy level 
of the ?rst, second, and third formants are pro 
duced in connecting pairs 90, 92 and the other 
respective connected pairs by the action of fre 
quency counters I8, 22, and 26, and recti?ers 20, 
24, and 23 in the formant-analyzing branches of 
the circuit. As was previously explained, the 
magnitude of one of these currents in each 
formant-analyzing branch indicates the fre 
quency of the maximum-amplitude wave com 
ponent in the respective frequency subband that 
corresponds to a vocal resonance, and the mag 
nitude of the other current in this formant 
analyzing branch indicates the total signal energy 
that is contained in the respective frequency 
subband. 
The fundamental-frequency indicating direct 

current in connecting pair 60 controls the grid 
bias in relaxation oscillator 52 in such fashion 
that this oscillator produces a discontinuous wave 
having a fundamental frequency of about 150 
cycles per second. The energy or intensity in 
dicating current in connecting pair 30 is sup 
plied to the lower winding of relay 66 where it 
opposes and overcomes the effect in the upper 
winding of this relay of the energy indicating 
current in the third formant connecting pair 68. 
Relay 66, therefore, moves its armatures to their 
lower contacts and the output of oscillator 62 
is simultaneously supplied to the input of the 
400-cycle low-pass ?lter F5 and the formant 
shaping networks 10, 12, and ‘M. In each of these 
shaping networks, the frequency indicating cur 
rent as received over connecting pair 90, etc. 
from the associated analyzer branch controls the 
grid bias of vacuum tube 86 in the direct coupled 
ampli?er and hence the effective value of in 
ductance 82 in the resonant frequency combina 
tion comprising capacitor 18 and inductance 82. 
Inductance 82 in each shaping network is con 
trolled in such manner that together with its 
capacitor 78 they form a resonant circuit and 
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present maximum shunting impedance to wave 
components of the same values as those that 
produced the control currents in the formant an 
alyzing branches of the circuit. In this de 
scribed instance, in which the signal energy dis 
tribution is as shown in the graph of Fig. 3, the 
insertion-loss of the resonant circuits in the re 
spective shaping networks as measured between 
the input and output of the shaping network is 
as shown by curves I06, I08, and I II], respectively, 
of Fig. 4. The shape of these curves shows the 
insertion-loss of the resonant combination and, 
therefore, are inverted from the shapes that are 
imparted to the synthesizing wave components 
when they are passed through the shaping net 
works. An inspection of these curves shows that 
they insert minimum loss at frequencies which 
correspond to the vocal resonance points in the 
signal wave of Fig. 3. 

It will also be noted that the damping factors, 
while not exact replicas of corresponding damp 
ing factors in the original signal wave, closely 
resemble these factors. In this described em 
bodiment, the damping of each resonant unit 
was observed to change from a speci?ed value 
to a relatively much higher value as the induct 
ance of winding 82 was changed to cause the 
resonant frequency of the parallel combination 
to change from its lowest to its highest operat 
ing condition. The exact amounts by which 
these damping factors changed has been pre 
viously described in connection with the circuit 
details of these shaping networks. At the same 
time that the formant-control currents are sup 
plied to the shaping networks 1D, 12, and 14, the 
intensity or energy-level control currents from 
the respective analyzer branches are supplied 
over the individual connecting pairs 30, 92, etc. 
to the variable ampli?cation units 34, 96, 98, and 
I00. 
As was previously stated, the resistance to al 

ternating currents of the unilaterally-conducting 
devices 93, 95 in the vario-losser 32 decreases as 
the direct current that flows through these de 
vices increased. Hence, as the energy in the' 
analyzed signal subband increases, the trans 
mission loss through the appropriate vario-losser 
32 is decreased and the amplitude of the shaped 
synthesizing wave component is increased. After 
the synthesizing wave components from oscillator 
62 have been selected in accordance with the 
desired frequency and shaped or damped by the 
respective shaping network to resemble a par 
ticular voice resonance or formant in the original 
signal wave, and the energy content of each such 
shaped formant has been adjusted in the re 
spective variable amplifying circuit 34, 95, etc. 
to a value relative to the other formants that is 
substantially the same as the relative energy 
level of the corresponding original formant, the 
wave components from all branches are united 
or mixed in mixing ampli?er I02. These com 
bined wave components may be further ampli 
?ed, if desired, before they actuate the sound 
reproducer I04 to construct a synthesized sound 
signal in which the frequency-intensity distribu 
tion is substantially the same as is shown in Fig. 
3 for the original sound signal. 
The foregoing is a description of the operation 

of the system when a voiced sound signal is being 
analyzed and synthesized. If now the analyzed 
sound signal is changed to the unvoiced variety, 
the signal energy in the third or high-frequency 
formant will exceed that in the fundamental fre 
quency band below 400 cycles per second and the 
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12 
detected energy in connecting pair 68 will exceed 
that in pair 30. This reversal of energy distribu 
tion will cause polar relay 66 to operate its arma 
tures to its upper set of contacts and to connect 
the output of noise generator. 64 to the inputs 
of the fundamental frequency and formant-con 
trol branches of the synthesizing apparatus (Fig. 
2). Under these circumstances it is possible that 
the frequency counter M in the fundamental fre 
quency or pitch control branch of the analyzer 
circuit (Fig. 1) may be intermittently actuated 
to produce a variable direct current in connect 
ing circuit 60. This variable direct current will 
control oscillator 62 (Fig. 2) in the previously 
described manner, but because the polar relay 
has transferred its armature connections to the 
upper set of contacts, the spurious output from 
oscillator 62 is not connected to the synthesizing 
equipment. In all other respects the operation 
of the synthesizing apparatus is the same as in 
the case of the voiced type of sound signal. 
From the foregoing description it is evident 

that the successful practice of this invention does 
not necessarily depend upon the use of three 
formant analyzing and reconstructing circuit 
branches as was described in the foregoing pre 
ferred embodiment of the invention. In some in 
stances the intelligence of the message signal 
may be suitably transmitted through the use of 
only two such circuit branches. It should also 
be understood that the formant-shaping circuits 
79, ‘i2 and 14 need not employ the type of vari 
able resonant circuit that has been described in 
this preferred embodiment. In this described 
embodiment the simple resonant shunt circuit 
has been utilized to facilitate the description, 
since it employs only one bias control circuit. If 
desirable, a variable band-pass type of ?lter may 
be used in this portion of the circuit without de 
parting in any way from the scope of this inven 
tion. Similarly, a different type of frequency 
counting circuit from that which was described 
in the analyzer branches may be employed with 
efficiency equal to that of the described type 
Therefore, it is to be expected that circuit varia 
tions which do not depart from the spirit and 
scope of the described invention will occur to 
those skilled in the related art. 
What is claimed is: 
1. In a signal analyzing and synthesizing sys 

tem, an input for signal waves in which the ener 
gy is grouped in a plurality of formants, analyzing 
means productive from each formant of a ?rst 
electrical quantity which varies in accordance 
with which wave component is of maximum am 
plitude in said formant and a second electrical 
quantity which varies in accordance with the 
amount of signal energy contained in said for 
mant, a source of electric waves having a plu 
rality of wave components, a sound reproducer 
responsive to said wave components, a plurality 
of variable transmission paths interconnecting 
said wave source and said reproducer, each of said 
paths including variable frequency-selective and 
damping means and variable volume-control 
means that limit the transmission of wave com 
ponents therethrough, said variable frequency 
selective and damping means comprising a re 
sistor in series with said path and a parallel con 
nected inductor-capacitor shunted across said 
path, the effective inductance and the resistance 
to alternating components of said inductor being 
variable in response to said ?rst electric quan 
tity, said resistor and inductor being so propor 
tioned that their combined resistance to alter 
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nating wave components varies in a preassigned 
manner as the frequency of said components 
changes, and means responsive to said second 
electric quantity to control said variable volume 
control means and regulate the energy content of 
the Wave components transmitted through said 
path. 

2. In a signal analyzing and synthesizing sys 
tem, an input for signal waves in which the en 
ergy is grouped in a plurality of formants, ana 
lyzing means productive from each formant of 
an electrical quantity the magnitude of which 
varies in accordance with the varying frequency 
of the wave component of maximum amplitude in 
said formant, a source of electric waves having a 
plurality of wave components, a sound reproducer 
responsive to said wave components, a circuit of 
variable resonance frequency and variable damp 
ing between said source of electric waves and said 
reproducer for each formant, each of said vari 
able resonance frequency circuits comprising a 
variable inductor, the effective inductance value 
and the resistance to alternating wave compo 
nents of which is responsive to said produced elec 
tric quantity, and said variable damping means 
including a resistor connected to said variable 
inductor and being so proportioned relative to 
said inductor that their combined resistance to 
alternating wave components varies in a preas 
signed manner as the magnitude of said control 
ling electric quantity is varied. 

3. In a system for the transmission of speech 
by indicia of speech characteristics, an analyzing 
station which comprises means for analyzing 
speech to provide indicia of the frequency and 
energy of the fundamental component of said 
speech and similar indicia of the frequency and 

10 

15 

20 

25 

30 

35 

14 
energy of each of a plurality of higher frequency 
formants of said speech, means for transmitting 
said indicia to a synthesizing station and, at said 
synthesizing station, means for differentially com 
bining the indicia of the speech fundamental en 
ergy and of the highest formant energy to provide 
a control signal, a source of harmonically related 
sound frequency oscillations having a fundamen 
tal frequency, a source of noise energy, a sound 
reproducer adapted to be energized from said 
sources, frequency selective means equal in num 
ber to the speech fundamental and formants con 
nected intermediate said sources and said repro 
ducer, amplifying means associated with each 
frequency selective means, means for selectively 
connecting said two sources alternatively to said 
frequency selective means under control of said 
control signal, means for varying each of said fre 
quency selective means under control of one of 
said frequency indicia, and means for varying 
each of said amplifying means under control of 
one of said energy indicia. 

JOHN C. STEINBERG. 
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