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This invention relates to signaling systems and 
has for an object the transformation of speech 
frequency signals into vibrations capable of being 
interpreted by the touch sensitive regions of the 

5 human body. 
It has heretofore been proposed as a means to 

assist the deaf to understand speech through lip 
reading to have the speech picked up by a micro 
phone and impressed upon a loud-speaker or other 

a vibrating device in contact with the fingers of the 
deaf person. Such a proposal has not proven 
satisfactory since the higher speech frequencies 
do not penetrate the fingers in such a Way as to 
be recognized. Consideration of the proposal will 

5 indicate that the main difficulty is due to the in 
ability of the finger to respond to a frequency 
range that is designed for the ear with the same 
efficiency as it responds to the far lower frequency 
range to which the finger is accustomed. 

20. In accordance with this invention it is proposed 
to transform a speech frequency message from 
aural material to tactile material capable of rec 
ognition and interpretation by the tactile sensi 
tive regions so that we have what may be termed 
a vibrotactile recognition of speech Sounds, 

'. The information transmitted by speech does 
not absolutely require all the frequency space al 
lotted to it in the human voice. 
can be worked out as to how Wide a frequency 

2 5 

30 band is required as a minimum, for example, by . 
determining and taking account of the number of 
the independent variables or parameters involved 
in speech production (that is, the number of the 
independently movable physical elements of the 

35 vocal system that are involved in speech pro 
duction), and the rate at which these vary. 
Speech-signals satisfy the condition for possible 
frequency range reduction in an outstanding man 
ner, for in one stage of speech production, namely, 

40 the muscular, there is a very simple set of con 
trolled motions of the muscular parts making up 
the speech signal. Several muscular elements 
move to form the speech signal but the rates of 
motion are the slow muscular or syllabic frequency 

45 rates. As an example, the lips move for ordinary 
Speech at a cyclic rate not ordinarily exceeding 
2 cycles per second for the fundamental or basic 
motion. Several other parts of the vocal system 
Such as the lungs, uvula, tongue and teeth move 

50 also, but they too move at slow rates not ordi narily exceeding 7 complete cyclic changes per 
o Second. 

However, there are two types of change, oscil 
latory in nature, that have motions occurring at 

is much higher rates than 7 cycles per second but 
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9 Claimis. . . (Cil, 199-107) 
even these two types have a basic rate of change 
of not over 7 cycles per second. The first motion 
is that of the vocal cords where the fundamental 
frequency for men is around 125 cycles per sec 
ond, and for Women over 200 cycles per second. 5 
This motion differs from the others mentioned, in 
that it is a natural frequency of stretched cords. 
The tension of the cords is controlled volitionally 
and can only be changed at slow muscular Or Syl 
labic rates. The vocal cords not only have a high 0 
fundamental frequency but they also give a wave 
shape which is rich in harmonics up to several 
thousand cycles per second. The vocal cords 
have a steady energy source in the lung pressure 
which produces their vibration at their natural 5 
frequency depending upon the tension to which 
they are stretched, but this tension can change 
only at a slow rate, generally not exceeding 7 cycles 
per Secondi. - 
The second type of high frequency energy 20 

source in speech production may for convenience 
be called a stricture. This stricture or closing 
With air forced through to form a sort of hissing 
sound may occur between the lower lip and up 
per teeth as for the “f” sound or between the 25 
tongue and front part of the hard palate as for 
the 's', or at other places for other unvoiced or 
breathed Sounds. Such Sounds have a contin 
ous frequency spectrum with no definite funda 
mental frequency. It will be noted that in all-such 30 
unvoiced sounds the volitional control is again 
applied at the lower frequency muscular or syl 
labic rate generally not exceeding 7 cycles per 
Second. - . 

From the foregoing detailed discussion of the 35 
mechanics of speech Sound production, it is seen 
that the various speech sounds are produced by 
voluntarily controlled variations in the muscular 
system at slow syllabic frequency rates of 7 cycles. 
per second or less. The important muscular elle- ? 
ments or variables used in speech production are 
eight in number as follows: illing pressure; vocal 
cord tension and position; rear mouth resonance 
chamber; front mouth resonance chamber; open 
ing from front to rear resonant chambers; open as 
ing from mouth; position of uvulla; position of 
any stricture in the Sound path. - 
. Since the important muscular variables are 
only eight in number it is seen that the total fre 
quency range required to produce Sounds in the 50 
vocal System is very limited, it being limited in 
fact to the number of such variables multiplied by 
the frequency range required to express the mo 
tion of each, which may be 14 cycles per second 
if the reasonable assumption is made that the is 







10 

4 
as enabling one to distinguish between voiced and 
unvoiced sounds. 
There remains to be described the apparatus 

for analyzing the Speaker's energy in the different 
frequency sub-bands of the speech frequency 
range in Order to determine the amplitude pattern 
characteristic of each speech signal. The ampli 
tude pattern control circuit AP of Fig. 1 is essen 
tially a circuit for measuring how much power 
there is in the speech signal in chosen small fre 
quency bands and for transmitting this informa 
tion by control currents to a plurality of vibrating 
devices, one for each sub-band. The amplitude 
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quency range 1950-2350 cycles; 
25 

pattern circuit AP at the output of amplifier 2 
is divided by Suitable band-pass filters F1 to Fio 
into ten frequency sub-bands. As shown on the 
drawings, channel AP1 receives the speech cur 
rents between 250-530 cycles; channel AP2 passes 
the frequency range 530-780 cycles; channel AP3 
passes the frequency range 780-1100 cycles; chan 
nel AP4 passes the frequency range 1100-1500 
cycles; channel AP5 passes the frequency range 
1500-1950 cycles; channel AP6 passes the fre 

Channel API 
passes the frequency range 2350-2900 cycles; 
channel AP8 passes the frequency range 2900-3750 
cycles; channel AP9 passes the frequency range 
3750-4950 cycles; and channel AP10 passes the 
frequency range 4950-7100 cycles. " 

Considering the channel AP1, for example, the 
output from the 250-530 cycle band-pass filter F1 
is fed to detector D1 which, for instance, may be 
of the copper oxide type. The syllabic fre 
quencies in the output from the detector D1 are : 
passed through a 20 cycle low pass filter F31 and 
used to energize a vibrating device 50 so that the 
magnitude of the vibrations of the armature of 
device 50 defines the average amount of power of 
each speech signal in the frequency band from 
250-530 cycles, and the magnitude of the arma 
ture vibrations will increase or diminish at a 
syllabic rate in response to the syllabic variations 
of the power level in the designated sub-band. 

Electromagnetic device. 50 may be of various 
types, one of which is shown in greater detail in 
Fig. 4. The solenoidal winding 60 which is con 
nected with the output of filter F1 has a magnetic 
core plunger 61 slidably mounted in a stationary 
collar 62 having a vertical slot 63 in which slides 
a pin 64 fastened to plunger 6 so as to limit the 
motion of the plunger. A coiled spring 65 serves 
to bias the plunger 6 to an outward position 
while the plunger will be pulled downwardly an 
amount proportional to the amplitude of the cur 
rent through winding 60. The upper end of arm 
6 has a key or finger rest 70 so that the syllabic 
Vibrations of armature 6 will be received by the 
finger resting on key 70 to enable the user of the 
device to receive accurate information as to the 
amount of power in the sub-band 250-530 cycles 
and the syllabic variations of the power level in 
this sub-band. 
Channels AP2 to AP10 are similar to channel AP just described except for the frequency range 

analyzed by each channel and vibrating devices 
5 to 59 are similar to device 50 just described. 
Filters F1 to F10 are alike except as to their band 
pass range as indicated in the figure; detectors 
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Do to Duo are alike; and filters F30 to F40 are alike 
in that each suppresses all frequencies above 20 
cycles. 
In order to receive tactile information sufficient 

to enable one to correctly understand and 
interpret the speech signals impressed upon the 
microphone 20 the person may rest his ten fingers 
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upon the ten finger rests 78 to 79 and may sur 
round one wrist, with the chain 47 of vibrating 
device 22. The tension exerted on the wrist sur 

- rounded by chain 47 will give inteligible informa 
tion as to whether each element of the signal is 
Voiced or unvoiced, and if voiced, information as 
to the frequency of the fundamental frequency 
of the signal. The magnitude of the vibrations of 
finger rests 70 to 9 will convey to the person the 
amplitude pattern of each signal component in 
such a form that each component may be cor 
rectly interpreted. 
One type of assembly for the pitch defining 

means 22 and the amplitude pattern defining 
means 50 to 59 is disclosed in Figs. 2 and 3. 
Referring to these fingers, there is shown a hous 
ing 90 adapted to enclose relays 22 and 50 to 59, 
inclusive, the electrical connections for which are 
supplied by a suitable cable 9. The upper sur 
face of the housing has ten apertures 92 to 0, 
inclusive, through which project the finger rests 
70 to 79, inclusive, in the order named, that is, 
finger rest 70 projects through aperture 92, and 
finger rest 79 projects through aperture O. 
This means, as shown in Fig. 2, that the little 
finger of the left hand will receive defining signals 
for the lower sub-band and the little finger of 
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the right hand will receive defining signals for 
the highest sub-band, with the intermediate 
fingers receiving information as to the power level 
of the intermediate sub-bands. The apertures 92 
to 0 are so arranged that the ten fingers may 
comfortably rest on the vibrating keys T0 to 79 
with the hands in a natural position without 
strain or stretching. The housing 90 also has an 
extension rest 02 for the right-hand wrist and 
an extension 28 for the left-hand wrist. Exten 
ision 28 which has previously been described in 
connection with Fig. 5 serves as a housing for the 
electromagnetic device 22 which defines the pitch 
of each signaling component. The upper surface 
of housing 28 contains two spaced apertures 
through which project the pins 45 and 46 joined 
by a light-Weight flexible chain or wire 4 which 
is adapted to fit closely around the left wrist of 
the user as shown in Fig. 2. So that the left wrist 
will receive the pitch defining signals from the 
frequency pattern control circuit FP of Fig. 1. 
The low frequency vibrations received by the 

left wrist and by the ten fingers with the appa 
ratus of Fig.2 suitably connected to the analyzing 
circuit of Fig. 1 will enable the user of the appa 
ratus to understand and properly interpret the 
speech or other signals picked up by microphone 
20. 

It is, of course, to be understood that micro 
phone 20 nay, if desired, be located at a renote 
point from the rest of the apparatus but connect 
ed thereto by suitable means such as a telephone 
line. Since the frequency pattern control branch 
FP tends to have more inherent delay than the 
amplitude control branch AP it will generally be 
desirable to have a certain amount of delay in 
common with all the amplitude control circuits 
AP to AP10 and such a delay equalizer DE is 
shown in Fig. 1 at the output of amplifier 2. 
An alternative type of vibrating device for use 

in each amplitude pattern channel is shown in 
Fig. 6. The solenoidal winding 05 is adapted to 
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be connected to the output of one of the channels 70 
AP to AP10 and has a magnetic core plunger 
05 adapted to be actuated by the amplitude de 

fining variations of the current supplied to wind 
ing 05. For zero current through winding 05 
the lower end of plunger ?os is adapted to rest 5 
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against a suitable stop 07. Pivotally mounted 
on plunger 06 is a key plate fo8 hinged at one 
end to a support 109. The free end 0 of key 
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08 is connected to serve as a rest for a finger 
in order that the defining vibrations of key 08 
may be conveyed to the finger resting thereon. 
The mechanical vibrations received by the finger 
from the device of Fig. 6 will be greater in ampli 
tude when the device of Fig. 4 is employed. 

Fig. 7 represents an alternative type of vibrat 
ing device which may be employed in place of 
the device of Fig. 5 for the purpose of receiving 
the frequency pattern defining currents from 
channel FP of Fig. 1. The solenoidal winding 

may be connected to the output of filter F30 
to receive the defining currents from that filter. 
The plunger type magnetic core 2 vibrated by 
the current variations through winding has 
pivotally connected thereto one end of a lever . 
f3 which is pivoted near its other end on a sta 
tionary support f4. The end 5 of lever 3 
is shaped to form a finger rest. After a finger 
is placed on finger rest 5 a slidable extension 
f6 should be lowered to firmly contact with the 

upper surface of the finger for the normal posi 
tion of lever 3 in the absence of any energizing 
current through winding i? . The upper finger 
contacting member ft 6 may be clamped in the 
desired position by set screw fl. Spiral Spring 
8 in an obvious manner normally maintains 

plunger 2 biased to an outward position and 
the electromagnetic action of winding will 
serve to pull plunger 2 downwardly against the 
force of spring 8. It will be apparent from 
the foregoing description that the user's finger 
placed in between members 5 and 6 will be 
subjected to a varying pressure by the action of 
the currents defining the frequency pattern from 
channel FP in order that the user of the device 
may properly, interpret the pitch of the speech 
signals and determine whether each speech com-. 
ponent is a voiced or unvoiced sound. The de 
vice of Fig. 7 is particularly intended for use 
where there are less than ten amplitude pattern 
channels so that one finger may be utilized for receiving the frequency pattern defining signals 
with any desired number of the other fingers 
utilized to receive the amplitude pattern defining 
As previously stated, it may be desirable for 

high quality interpretation of the speech to em 
ploy as high as ten amplitude pattern channels 
as shown in Fig. 1. But for many purposes it 
will be satisfactory to employ fewer amplitude 
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pattern channels, particularly when the appara 
tus of the invention is to be used as an adjunct to 
lip reading. For example, one vibrating device 
for pitch definition and four vibrating devices for 
defining certain frequency sub-bands of speech 
will give far better speech recognition than is ob 
tainable by lip reading alone. Thus, if one vil 
brating device is employed for speech definition 
and four vibrating devices for amplitude pattern 
definition, then only the fingers of one hand will 
be needed to contact with the vibrating devices 
while the other hand will be free for other uses. 

70 

It is also within the scope of the invention to 
apply the pitch and amplitude defining vibrating 
devices against adjacent parts of the forearm or 
other parts of the body, thereby freeing both 
hands for other uses in the same manner as for 

' a person with normrl hearing. 
If fewer, than ten channels are: employed for 

amplitude definition...it will, of course, be neces 
sary to alter the frequency sub-bands assigned to 

5 
each channel over those given for illustrative 
purposes in Fig. 1 for filters Fito Fio. For ex 
ample, with only four amplitude pattern chan 
nels the lowest channel may pass the frequency 
range 100 to 500 cycles; the second channel may 
pass the frequency range 800 to 1300 cycles; the 
third channel may pass the frequency range 
2300 to 3000 cycles; and the fourth channel may 
pass the frequency range 3600 to 5000 cycles. 
However, in most instances it is not essential to 
adhere to these values as other widely differing 
values may be employed with satisfactory results. 

In the circuit diagram of Fig. 1 certain filters 
F30 to F40 are disclosed for the purpose of elimi 
nating all frequencies above 20 cycles. It will 
frequently be found unnecessary to employ these 
filters in view of the fact that the flesh itself will 
damp out the higher frequencies at a sufficiently 
rapid rate. 
The above described embodiment of the in 

vention is representative of other embodiments 
this invention may possess commensurate with 
the scope of the appended claims. 
What is claimed is: 
1. In a signaling system, means to produce a 

signal containing variable information and in 
variable information represented by a complex 
wave of a wide frequency band of speech fre 
quencies, means to analyze said wave and derive 
therefrom a simple set of parameters having ap 
proximately the number of degrees of freedom of 
the variable elements of the signal source, means 
to translate said. set of parameters into a set of 
low frequency defining waves that respectively. 
define the variations of said parameters, each of 
said low frequency waves having a fundamental' 
frequency of less than 10 cycles per second, a 
plurality of independent vibratory members 
adapted to be applied to the touch sensitive areas 
of the human body, and means for controlling 
each of said vibratory members in accordance 
with one of said defining waves. 

2. In a signaling system, means to produce a 
Signal containing variable information and in 
variable information represented by a complex 
electrical Wave of a wide frequency band of 
speech frequencies, means to analyze said wave 
and derive therefrom a simple set df parameters 
having approximately the number of degrees of 
freedom of the variable elements of the signal 
Source, means to translate said set of param 
eters into a set of low frequency defining waves 
that respectively define the variations of said 
parameters, each of said low frequency waves 
having a fundamental frequency of less than to 
cycles per second, a plurality of electromagnetic 
devices each having a winding and an armature, 
said armatures being adapted to be applied to 
the touch sensitive areas of the human body, and 
means for transmitting each of said defining 
waves to one of said windings to the exclusion of 
waves representing said invariable information. 

3. A system for translating a message of a 
range of frequencies adapted to be interpreted 
by the human ear into a range of frequencies 
capable of interpretation by the tactile sensitive 
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areas of the human body, comprising means to 
analyze said message and derive therefrom a set 
of substantially independent parameters corre 
sponding in number to a selected number of the 
important independent movable elements of the 
vocal system involved in speech production, 
means to translate said, set of parameters into 
a set of low frequency defining waves, each haw 
ing a fundamental frequency of less than 10 
w v.; 

70 
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6 
cycles per second and each having an amplitude 
representing an essential characteristic of the 
message, individual finger supports, and means 
for vibrating each of said supports in accordance 
with one of said defining Waves, 

4. A system for translating a speech signal of 
a range of frequencies adapted to be interpreted 
by the ear into a range of frequencies capable of 
interpretation by the touch sensitive areas of the 

O 
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human body, in which the generation of said 
signal involves independently controlled sluggish 
muscular movements as well as the rapid vibra 
tion of the vocal cords, said system comprising 
means for transforming said signal into a plu 
rality of substantially independent low fre 
quency waves each of a fundamental frequency 
less than ten cycles per second, said Waves col 
lectively defining said sluggish muscular move 
ments, and finger supports individually vibrated 
by said low frequency WaWes. 

5. A system for communicating a message rep 
resented by a complex electrical wave of a wide 
frequency band within the speech frequency 
range, said system comprising a plurality of Wi 
bratory members adapted to contact with the 
touch sensitive areas of the human body, means 
for dividing said band into a plurality of Sub 
bands, separate means for demodulating each 
sub-band, and means for controlling each of Said 
members in accordance with one of the demodul 
lated currents. 

6. A system for communicating a message rep 
resented by a complex electrical wave of a wide 
frequency band within a speech frequency 
range, said system comprising a plurality of vi 
bratory members adapted to contact With the 
touch sensitive areas of the human body, means 
for selecting a number of substantially inde 
pendent characteristics of said wave, means for 
producing a plurality of low frequency currents 
each having a fundamental frequency of less 
than 10 cycles per second and each defining one 
of the characteristics of said Wave, and means 
for controlling each of said members in accord 
ance with one of said defining currents. 

7. A System for communicating a meSSage rep 
resented by a wide frequency band Within the 
speech frequency range comprising a plurality of 
vibratory members adapted to contact With the 
touch sensitive areas of the human body, means 
for dividing said band into a plurality of Sub 
bands, separate means for deriving from each 
sub-band a low frequency wave of a fundamental 
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frequency of less than ten cycles per second, 
which wave defines the average energy level in 
the sub-band, and means for controlling each of 
said members in accordance with one of said 
defining waves. 

8. A system for translating a Speech signal 
of a range of frequencies adapted to be inter 
preted by the ear into a low frequency range 
capable of interpretation by the touch sensitive 
areas of the human body in which the generation 
of Said signal involves independently controlled 
Sluggish muscular movements as well as the 
rapid vibration of the vocal cords, said system 
comprising means for transforming said signal 
into a plurality of substantially independent 
Syllabic frequency waves each of a fundamental 
frequency of less than 10 cycles per second, said 
Waves collectively defining said sluggish muscu 
lar movements, analyzing means for producing 
from said signal a low frequency wave of a fun 
damental frequency of less than 10 cycles per 
Second Whose amplitude defines the rate of vi 
bration of the vocal cords, a plurality of vibratory 
members adapted to contact with the touch 
Sensitive areas of the human body, means for 
controlling each of a plurality of said members 
in accordance with one of said syllabic fre 
quency Waves, and means for controlling another 
of Said members in accordance with said low fre 
quency Wave which defines the rate of vibration 
of the vocal cords. 

9. A System for Communicating a message rep 
resented by a wide frequency band within the 
Speech frequency range comprising a plurality of 
vibratory members adapted to contact with the 
touch Sensitive areas of the human body, means 
for dividing said band into a plurality of sub 
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bands, means for deriving from each sub-band . 
a low frequency wave of a fundamental frequency 

- of less than 10 cycles per second and whose am 
plitude defines the average energy level in the 
sub-band, means for controlling each of a. . plu 
rality of Said members in accordance With one of 
said defining 'waves, analyzing means for pro 
ducing from Said signal a low frequency wave of 
a fundamental frequency of less than 10 cycles 
per second whose amplitude defines variations in 
the frequency of the fundamental frequency of 
said message, and means for controlling an 
other of said vibratory members in accordance 
with said wave which defines the fundamental 
frequency of the message. 

HOMER. W. DUDLEY. 
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