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This invention relates to methods of . andsystems for
cl?ljivéymg intelligence by electrical stimulation of  the
skin, y L

Orie :object of .this invention is to_convert information
ordinarily received. by visual or aural.méans into élec-
trical impulses which -are conveyed fo the skin and inter-
preted by the characteristics of .the resulting stimulation.

The invention is parficularly adaptéd for use where the

reception of auditory, visual, or similar signals may not
be -possible or ‘permissible, as in the case: where an’ indi-
vidual may be déaf and does fiot wish.to. be or cannot
be helped by the more conspicuous audiphoné receivers
ufilizing air or- bone conduction. Other. applications
include ifs use by a blind.person as an obstruction détect-
ing device whére. an.acoustic signal: to. his €ars: may be
impossible becausé of his deafnéss, dangerous, because
it would -mask out the sound which. objects and pérsons
in.his vicinity may make and which in thémsélves would
help him avoid danger, or. offénsive to passers.by. . -
.. In accordance with a feature of this invention, intél-
ligence is conveyed to an observer in-the form of elec-
trical impiilses having characteristics Which ar¢ séparated
into significant portions. and. applied to thé skin of the
observer. ‘The. charactéristics are- of various-foris and
combinations of forms, for example, lengih, amplitude,
or frequeney of the stimulation. When the system is
employed to convey signals which Have an acousfic origin
they can be represented to. the observer, by. converting
the sound  waves to_electrical \waves. haying corréspond-
ing-frequency components, séparating. thése compornénts
int6 a plurality of bands, and applying the ¢omponents
in each band to. an individual electrode in ¢ontact with
the observer’s skin. The location of the various elec-
trical stimuli on the skin then indicates thé frequency
components present in the sound, and the stimulation
intensity at each, location .indicatés. the dégree. that that
fréqiiency contributes to the sound. Alternatively, the
€lectrical signal. charicteristics prodiuced by the. sound
can be broken. down ds to. ffequéncy. components. and
these components fiirther. subdivided into. erdergy - levels
so that the localized électrical stimulation resulting from
these subdivided ‘sighals indicate both. the fréquency and
strength of the component ifi the sound. . o

A ranging system wherein. a wave, of short durafion
is emifted -and a reflected wave is used to triggér 4 stimu-
lating pulse, exeémplifies anothér embodiment of this type
of system for communicating intelligencé. ja which: the
duration of stimulation has_ sighificance. The length of
the stimulating pulse is a function of the fange of the
teflecting body by viftue of having thé generator of the
pulse enabléd for a fixed interval after the ranging wave
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Js emitted but capable of . initiating a. stimuldting- pilse ,

only upon receiving a reflected wave. . Thus, for a reflect-
ing surface at close range, a short echio time exists, and
the stimulating pulse is practically the full length of the
period for which the generator is enabled. On.the other

70

hand, for a more distant reflecting’ surface the ‘echo .

time is longer and the length of the stimulation: pulse is
a relatively small portion of the enabled period of the
generator: In this' embodiment of the system;, -4~ fong
stimulation indicates a close object and a’ short stimula-
tion a distant one. :

It has béen found that direct éléctrical stimulation of
the tactilé nerves is' accomiplishéd miost' satisfactorily by
employing_alternating=Current stimuli :rather- than “direct
ciirrént. - Direct 'currents evén” when applied fof rela-
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tively. short periods. burn the. skin sufficiently. to cause
open blisters to form under the negative electrade... On
the other hand, alternatingimpulses when applied: with
properly proportioned and spaced electrodes even at rela-
tively high potentials, on the order of twenty times blis-
tering direct-current.potentials, over extended periods of
application have exhibited no injury to the skin, .

Alternating-current .stimulations are similar to- tactile

_stimulationis particularly at lower intensity levels. Tests

have shown that the skin feels ds though it were ‘being
stroked with a comb having. varying-degrees of coarse-
ness, the coarseness decreasing with the increase in fre-

quency’ uiitil .at the higher frequencies: it becomes of a

feathery quality. At higher stimulation levels, the -sen-
sation becomes more nearly that.of a pressure and finally
becomes painful as the level. is- carried fo an -extrerne,
on the order of .from 10 t6 15 decibels up from one
milliampere in the range from 100 to 10,000 cycles per
secorid. Thus over rather widé ranges of.intensity and
frequency, altérnating-current impulses-are readily dis-
cernible without being excessively unpleasant. .
Direct electrical stimulation ‘when compared with the
other forms of stimillation of the senses exhibits char-
acteristics indicating that various signaling. systems- can
be, developed by utilizing this- method. For example,
while the frequency linit of tactpal sensations to-a vibrat-
ing eleénient. in contdct with the skin is in.most cases
below 3,000 cycles, it is easy. to deétect electrical . stimu-
lation of frequences beyond: 10,000 cycles. The inten-
sity resolution of the électrical stimulation signals- up to
at least 5,000 cycles is' at least twice that .of the acous-

tical “signals up to the same fréquency. However, it

appears - that ‘the. frequency discrimination by electrical
impulse_ stiulation is relatively poor compared to the
discrimination observed acoustically; positive discrimina-
tion being possible bétween 1,000 cycles and 5,000 cycles,
for” example, but not between 1,000 cycles and 4,000

‘cycles.

From' the above it can be seen that significant -infor-
mation' ¢an be conveyed by the intessity of the electrical
stimulation over ‘a” wide range ‘of the frequency spec-
trum, - Since frequency resolution of this stimulation is
rélatively poor, some alternativé for this fype of resolu-

tion may. be employed.  This can be done by the use

of a plurality ‘of electiodes each: fed by a narfow fre-
quency band making up, only 4 portion of the input fre-
quéncy spectrum. - By proper spacing of these electrodes
the discriminatory power as far as frequency is concerned
can ‘be considérably iriprovéd over that for a single set
of ‘electrodes and thereby increased intelligibility can. be
conveyed. o o

Several. émbbdiments of ‘a system. of . communication

utilizing . stimulation : by " électrical . impulses- t6 convey

received information to’ the observer are set forth in the

following description ‘which' can’ be. more reéadily under-

stood_when read in conjunction with the accompanying

drawings in'which: | : ‘ _
Fig.. 1' discloses a basic circuit for a cutanéous -signal-
ing System in block diagram form;
Fig. 2 is'a block. diagram indicating a refinement or
discrimination; ‘ ,
Fig. 3 shows one practical circuit form which the sys-
tem'of Fig. 1 may take; _ _
Fig. 4 1s a response charaéteristic for direct electrical
stimulation, illustrating the over-all response of the cir-
¢uit of 'Fig. 3 over a frequency band from 100 to 10,000

‘¢ycles: per second;

Fig. 5 is a partially séctioned elevation view of a typical
getof ‘electrodes; : ) o

Fig., 6 is & partially sectionied elévation viéw of a struc-
tur¢ including a plurality of sets of éléctrodeés; :

Fig. 7 is a partially sectioned plan view of the electrode
structure '6f Fig. 6; !

Figs. 8, 97and 10-aré -plai views of several multiple
electrode set-arrangements;

Fig. 11 is a partially sectioned elevation -of the elec-
trode structure of Fig, 10 taken along the line 11-11;
. Fig: 12 is a block diggram of a signaling system utiliz-
ing a multiplé eléctrode structure; ;

Fig. 13 illustrates one form of volume sélector circiiit
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g_hiclizmight be utilized in the circuit represented in

ig. 12;

Fig. 14 is another form of volume selector circuit
which may be employed in the circuit of Fig. 12 utilizing
an electronic switch to place signals upon the various
electrodes;

Fig. 15 illustrates a circuit for a ranging and detecting
system which conveys its information to the user by
cutaneous stimulation; and

Fig. 16 discloses the significant wave forms which are
produced in the circuit of Fig. 15.

While in its basic form a cutaneous signalling system
can consist of an input device and an amplifier which
supplies its output current to a set of electrodes in in-
timate contact with the skin, better resolution of the
characteristics of the various stimulating potentials can
be obtained by the use of equalizers and peak clipper cir-
cuits in conjunction with the basic input, amplifier and
electrode structure as shown in Fig. 1. Further improve-
ment of frequency resolution can be obtained by splitting
the frequency spectrum of the input into a plurality of
complementary frequency bands and allowing each band
to excite its own separate set of electrodes as represented
by the filters LPF and HPF, the amplifiers and the elec-
trodes of Fig. 2, these elements being inserted behind
the peak clipper of Fig. 1 in place of the feedback ampli-
fier and skin electrodes shown there.

For example, where the system is employed to transmit
acoustic waves to a deaf individual, the input device may
be a microphone to pick up the waves such as those of
speech. In such a system, the use of a frequency equal-
izer to maintain a constant level of stimulation over the
frequency band and a peak clipper to avoid uncomfort-
ably high intensity impulses has been found of great help
in improving the ability of the listener to resolve the
various features of the incoming wave pattern. Further
increase of frequency resolution is attained by the use of
multiple sets of spaced skin electrodes fed through low-
pass and high-pass filters whereby the spacial relationship
of the stimuli indicates the freauencies which make up
the sound picked up by the microphone. A device for
the transmission of such audio waves is disclosed in a
practical form in Fig. 3. It comprises a microphone 20,
filter or equalizer 21, peak clipper 22 and amplifier 23
coupled as shown.

The amplitudes present in speech as a function of fre-
quency are at a maximum at frequencies around 400
cycles and the amplitudes at higher frequencies fall off
at the rate of about 6 decibels per octave. Because of the
restricted volume range which the skin is able to handle,
it is desirable to equalize this speech characteristic so
that the skin will receive an approximation of constant
amplitude stimulation by the frequencies transmitted by
the system. Such an equalization is accomplished to a first
degree of approximation by use of a filter section or
equalizer which gives the over-all system of Fig. 3 a
response characteristic as shown in Fig. 4, attenuating
the signals to a rather high degree below 1,000 cycles and
to a lesser degree above 1,000 cycles.

Further reduction of high peak amplitudes in normal
speech and sounds are attained by the use of a peak clip-
per which is connected to the output of the equalizer by
a transformer coupling. Since the high peaks of energy
are of little importance in identifying normal speech
sounds, they can be eliminated with little material detri-
ment to the transmission of speech intelligibility but with
considerable gain in comfort by removing the painful
impulses to which the observer might otherwise be sub-

ected under electrical stimulation hstemng conditions.

This peak clipper circuit comprlses an amplifying tube
31 which is R—C coupled to a pair of diode rectifiers
32, biased so as to be non-conductive below certain set
levels but becoming conductive for amplitudes above these
levels thereby introducing large losses in the series re-
sistance 33 of the circuit and a comnsequential clipping
of peak amplitudes.

The output of the peak clipping circuit is R—C cou-
pled to a feedback amplifier which amplifies its output
and applies it to the skin of the user through a set of
electrodes, not shown in Fig. 3.

The magnitude of the sensation experienced is a func-
tion of the current through the skin. Since the im-
pedance of the skin is a variable quantity depending upon
variables such as atmospheric conditions and the skin
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secretions, it is desirable to feed the skin electrodes from
a high impedance or constant current device. Such a
constant current device is approximated by the use of
series feedback from the output load of the amplifier as
shown in Fig. 3.

In the above system, the skin electrode structure can
be of the form dlsclosed in Fig. 5 where two electrodes
34 and 35 are fastened in a block of insulating mater1a1
36 and the whole unit is made to fasten to the body in
some convenient manner, for example to the inner side of
the forearm, by means of a strap (not shown), similar to
that supporting a wrist watch, so the electrodes are in
intimate contact with the skin in that area. As the sen-
sation imparted to the skin by an electrical impulse is
a function of the concentration of current through the
skin, large area electrodes 34 and 35, having faces which
are on the order of a 34g-inch square and which are
separated greater than 18 of an inch produce no burning
sensation with currents of the order of 10 decibels up from
one milliampere. However, it has been found that elec-
trodes materially smaller than those suggested above,
produce some discomfort even at greater separations and
the larger electrodes, when the separation is reduced,
cause a burning sensation to become quite apparent along
their edges at higher signal levels.

As has been indicated with reference to the schematic
circuit of Fig. 2 by the use of multiple electrodes and
selective circuits, the various characteristics of speech or
their complex wave stimuli can be caused to stimulate
different portions of the skin area and thereby give a
spacial distribution of characteristics which will improve
the over-all resolving power of the system.

Multiple electrode structures for systems utilizing spa-
cial resolution are disclosed in Figs. 6 through 11. Gen-
erally these comprise one electrode 38 of relatively large
surface area which acts as one pole of all applied stimu-
lating potentials while the other poles are to be found
in various arrangements of electrodes in the structure.
Another embodiment of a spacial resolution system would
comprise a separation of two sets of electrodes as shown
in Fig. 5, for example, one placed on the right arm
and the cther on the left arm, or both in tandem on one
arm.

The concentric electrode structures of Figs. 6 and 7
illustrate one system including a plurality of sets of elec-
trodes. In such a structure the disparity in skin con-
tact areas of the various electrodes 39 and 40 of 2 given
unit would, if all sets were driven by an equal amount
of power, produce a higher current density between the
inner and intermediate electrodes 39 and 38 than between
the outer and intermediate electrodes 49 and 38 where
the intermediate electrode 38 was the common electrode
to the system. This may result in one set of electrodes
39 and 38 producing an uncomfortable sensation before
the other combination 40 and 38 has been permitted
to contribute its optimum useful stimulation. Therefore
in order to get balanced stimulation it may be necessary
to drive the outer set of electrodes 40 and 38 having the
greater area at higher energy levels than the set 39 and
38 which have a lesser area.

A grid arrangement of electrodes cooperating with one
large common electrode 38 is shown in Fig. 8. This elec-
trode system utilizes two coordinates, the vertical coordi-
nate, for example, indicating frequency and in the em-
bodiment disclosed being fed by five band-pass filters each
of which will actuate one set of electrodes when the sig-
nal contains frequency components lying within its band,
and the horizontal coordinate indicating amplitude or
volume of the signal at that frequency. Thus, when the
signal contains a frequency component in the lowest band
and of high volume, all the electrodes 4%, 42, 43, 44 and
45 sensitive to that frequency will be activated while a
low volume signal of that frequency would only activate
one electrode 41.

The structure of Fig. 9 comprises a common electrode
38 in the form of a lattice having the individual electrodes
47 positioned in the interstices of the lattice, thereby
isolating the individual electrode circuits from each other
and eliminating cross-talk through the skin between the
electrodes. This is also achieved by the structure of Fig.
10, both arrangements utilizing the rectangular coordinate
system of Fig. 8 to obtain both frequency and volume
resolution of the incoming signals.

A circuit utilizing the rectangular coordinate system

for frequency and volume discrimination is illustrated
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in Fig: 12. This -circuit:comprises -an-input--device; for
example -a. microphone-or : other transducer: of audible
signals,:. which: feeds, in- the embodiment : disclosed, a
group -of ‘four parallel comtined- filter: equalizers; each
filter: transmitting only a . portion of the frequency
spectrum of the input signal... When applied to.a speech
transmitting system; -the output:from:a: microphone. or
other ‘transducer ‘device would ‘yield the primary signal.
This would then be amplified as.required and fed to the

filter-equalizer network :shown.: In‘the case where four:

individual frequencies ‘are employed, the filter-equalizer
circuits break-up the frequency spectrum of the primary
signal linto several frequency bands, for. example 250 to
900 cycles, 900 to 1,900 cycles; 1,900 to 3,300 cycles and
3,300 to 7,000 cycles, each of which controls the actuation
of thecircuits associated with:the electrodes 50:in ‘the cor-
responding frequency  coordinate,

The:output of each: filter -is. ‘then' passed ‘to a’ volume
selector circuit which: determines the number of electrodes
50 to be energized along the horizontal coordinate of :the
frequency : being passed by the: filter - equalizer. The
number .of electrodes 50-energized: indicates the intensity
of: the primary input signal in' that frequency range.- The
electrode structure disclosed in Fig. 12 includes a series
of five vertical ‘sets -consisting of four horizontal .elec-
trodes in each 'set while only four frequency bands -are
transmitted. The - lowermost set of- electrodes: 51 is
utilized for stimulation intensity comparison and spacial
reférence, it being: kept under constant stimulation by a
tone or excited by the whole speech of the primary signal
whenever the observer'is' “listening.” These reference
electrodeés ‘51 are provided ‘and: made. apparent to. the
“listener” in order that he may obtain the orientation.of
the stimulating electrodes with respeot to the ‘over-all ‘grid
electrodes structure 52.° While a set of orientation elec-
trodes is disclosed in Fig. 12 it is to be understood ‘that
other ‘electrode arrangements may be employed to orient

the signal ‘actuated electrodes, for ‘example ‘a single elec-
‘ trocée in one corner ‘of the coordinate systém might be
used.

One form of volume selector ‘circuit is ‘disclosed in' Fig.
13.. This circuit employs ‘a local oscillator F to provide
a frequency which ‘has satisfactory ‘electrical stimulation
characteristics and ‘also is of a high enough frequency
to ‘be-modulatéd by the highest: frequency which it is
desired "to ‘observe in- the primary signal, viz., a high
enough frequency-so that' all significant details of the
signal will be transmittéd 'to the eléctrodes. This ‘oscil-
lator supplies the alternating-current potential applied to
the plate:cathode circuit of ‘a number of .gas trigger tubes
55"each of ‘which ‘has its grid 56 held -at a successively
higher grid bias than the next preceding tube by voltage
divider P. Thus as the signal arrives from the filter out-
put it encounters a number of ‘grid circuits at successively
higher grid bias conditions and, depending upon the mag-
nitude of the signal, all of ‘those tubes:which attain a
sufficiently’ low net 'grid ‘bias will fire. In turn the tubes
which hayve been fired. apply electrical impulses to their
associated electrodés in the multiple electrode unmit to
indicate the instantaneous ‘levels of “that portion of the
signal lying within the associated frequency band.

The foregoing system reacts only to one-half of the
signal wave form much as does a half wave rectifier. For
more exacting work it may be desirable to respond to the
amplitudes .of both halves of the wave form. One simple
way 'of doing this is to rectify the output of the filter
with a full wave rectifier and then apply this signal to the
array of gas tubes shown in Fig, 13.

Another means of distributing the information of
volume level in a particular frequency band is illustrated
in'Fig. .14, A multiple anode vacuum tube 57 with at
least.one electron beam is used ‘as an electronic switch
and is the means for. putting the stimulating signal upon
the proper electrode or electrodes as the case may be.
In this embodiment the output of the associated band-pass
filter is applied to a deflection coil to deflect a beam of
electrons an amount which is dictated by the magnitude
of the signal received from the filter. A number of col-
lector anodes 58 ‘arranged across the range of the sweep
of this electron beam and energized by the potential
source 59 serve to complete the circuit to the multiple
electrode structure 60, each collector 58 having in its cir-
cuit one winding of an inductive coupling, the other side
of the coupling being connected to electrodes 'in the multi-
electrode unit 60." Alternating-current stimulation by ‘the
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electrodes:is attained: by:introducing a frequency suitable
for direct observation by the “listener” either in:the:beam
intensity control circuit 61, as shown in the: drawing, or
in: the collector. anode circuit 62-in series with the po-
tential source 59.: ) ‘

As disclosed, the alternating-current. signal from the
fitter - is. applied.: directly- to: the deflection coils : of. the
electronic switch thereby causing the-beam to sweep across
a-number of:the collector electrodes 58. This: sweeping
causes conduction in all collector circuits whose -collec-
tors. are: within ithe sweep .of the:beam and therefore all
of the electrodes -associated . with those collectors: are
actuated. . An alternative wherein .only the electrode rep-
resenting: the: maximum: volume -in' that . frequency band
will be.actuated can be.attained by rectifying the outpnt
of ‘the-filtér-and ‘allowing the resultant direct current to
deflect the electron-beam in the switch. = Thus..the posi-
tion of the energized :electrode: along the. volume:-co-
fci;irdinate will be proportional to. the signal level from the

ter, ‘ :

Another form in -which the -signalling. system of - this
invention :may be. constructed :is that: of . a: bicutaneous
ranging and -detecting .device operating -on- a principle:of
perception closely allied to that of binaural systems.  This
system ‘includes-a 'signal emitter which .generates. a -beam
of -supersonic waves of the order of ‘40,000 cyclés: per
second ‘whichis:caused to scanthe region.surrounding
an individual, the waves being reflected from nearby ob-
jects-and then:presented to him through a multiple set of
electrical ‘transducers. For example, if .two transducers
are-used, then oneunit can’be placed forward of the user’s
left shoulder and the  other. unit: forward  of. his right
shoulder and-the signals received and converted to elec-
trical: stimuli for . bicutaneous reception and-interpreta-
tion.

The relative intensities of the stimuli-from each elec-

© trode.transduceris adjusted automatically by potentiom-

40

45

55

80

a5

70

80

eter 73 in Fig. 15 so0 as to be a function of the position
of the:obstruction to the left or right of the observer there-
by indicating the- direction - of. the obstruction. The
absolute ‘intensity of ‘the: stimulis is :employed as-an in-
dication of the range of: the obstruction, the nearer. the
obstruction the higher:the:stimulus level.

By “incorporating an adjustment by: which the efféc-
tive range of ‘the -system :may. be changed-as needed, the
device'may -‘be ‘made ‘to yield an adequate -impression of
the surroundings with & minimum amount of confusion to
the observer under ‘various listening conditions.. For
use indoors, for. example,; this device must permit the

* "observer:'to discriminate between a large number of -ob-

jects ‘which: are all .quite near to him 'and in-almost every
azimuth"position ‘with respect to-him: Under such condi-
tions it would ‘therefore be desirable to reduce the range
of the instrument so as to disregard the response from ob-
jects ‘more ‘than about six ~feet from the observer. At
this range.a pulsing rate.of ‘the order of 95 pulses per
second " will provide satisfactory results. On the other
hand, for outdoor use it will ‘be desirable to obtain a re-
sponse from objects over much greater distances. For
example, at a range of 100 feet a pulsing rate of the order
of ‘6'pulses per second is desirable.

One: form of such a system as discussed above is dis-
closed in Fig. 15 wherein a series of supersonic -pulses
are emitted ‘in a scanning beam from a supersonic-gen-
erator: by the application ‘of a triggering pulse of the
form shown in Fig. 165 over the lead 65 to disable the
pulse receiver as indicated in Fig. 164 and simultaneous-
ly trigger off ‘a pulse, Fig. 16¢, of ‘the output of the su-
personic generator coupled to the emitter. The trigger-
ing pulse is the output of the tube Q resulting from the
application through the lead 66 of a wave form signal,
Fig. 164, from a saw-tooth oscillator through a high-
pass filter HPF to the grid of the tube.

After a pulse of supersonic energy is emitted it will
travel on until it strikes a reflecting surface at which

" time part of its energy will be returned to the receiver as

an echo. Upon being picked up by the receiver it will
trigger- gas tube T through the lead 67. The output of
this gas tube then acts upon the gate circuit G which con-
sists. of a balanced ‘arrangement of rectifiers 68, causing
the rectifiers to decrease in resistance and hence reduc-
ing the over-all loss from the' transformer-coupled os-
cillator 69to the transformer-coupled amplifier A. Thus
on triggering of the tube T the-gate cifcuit passes a -maxi-
mum level of signals of the local oscillator to.the:input
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of the amplifier tube 70. The local oscillator supplies
a frequency which is suitable for “listening” by electri-
cal stimulation of the skin.

The amount of signal which amplifier A can pass to .

the skin electrode is determined by the particular bias
which is on the tube 70 at any instant due to the appli-
cation of the output of the pulse oscillator on the resistor
71. The stimulation possible from amplifier A when gate
G is opened thus becomes a function of time as shown
in Figs. 16¢ and 16f.

Since gate circuit G is triggered open only by an in-
coming pulse echo, the output from A at terminals 74
and 75 would look like Fig. 16e for a very close obstruc-
tion where the echo returns as soon as the transmitter
emits the pulse. For a more distant object in which the
echo arrives an appreciable time after the emission of the
pulse the wave pattern will be more nearly like that of
Fig. 16f. Thus the longer the interval between the emis-
sion of the pulse and the reception of a reflection, the
lower the level of stimulation since the maximum ampli-
tude of the pulse will be less and the pulse length will be
shorter, Thus more distant objects will produce less
stimulation than objects which are closer at hand.

Since there is no grid control of the gas tube T after
it has once been fired by the echo pulse, the tube would
continue to conduct indefinitely and the gate G would
continue to pass the output of the local oscillator to the
amplifier A to produce a wave form as in Fig. 16e.
Therefore, in order to restore control of the circuit to
the incoming echo pulses some means of regularly ex-
tinguishing T is required. This is achieved by removing
the plate voltage momentarily from the tube T simul-
taneously with the initiating of the next pulse from the
emitter by coupling the output, Fig. 16b, of the tube

Q in opposition to the plate voltage of the tube T by 9

means of the transformer 72. This closes gate G which
ca}lll then only be reopened by the arrival of a subsequent
echo.

In the embodiment of Fig. 15 where a single signal
emitter and receiver are employed, the output of the am-
plifier A from terminals 74 and 75 is applied to a po-
tentiometer 73 to properly proportion the intensity of
the stimulation applied to the right and left electrodes
R and L as a result of the received reflection, and there-
by provide azimuth localization of the reflecting surface.
This is achieved by placing the potentiometer across the
output terminals 74 and 75 and connecting one of these
terminals to each amplifier associated with the individu-
al electrodes. The brush of the potentiometer is con-
nected to the second terminal of each amplifier and so
coupled to the beam radiator and echo pick-up that its
position on the potentiometer card corresponds to the
azimuth position of the scanning beam and its echo.
Thus, for example, when the wave radiator and receiver
are conditioned to sweep the beam through the quadrant
to the observer’s left the brush will be located on the po-
tentiometer card so that any electrical impulse resulting
from an echo received from a wave reflecting surface on
the observer’s left will pass from the amplifier A through
a short length of the potentiometer and thus a low re-
sistance to the left electrode amplifier, and through a
long length of potentiometer and a corresponding high
resistance to the right-hand electrode amplifier. There-
fore the resulting stimulation on the left electrode will
be proportionally greater than that on the right elec-
trode depending on the azimuth localization of the re-
flecting surface.

To recapitulate, this invention provides a system for
communicating intelligence which involves transposing
the received signals into corresponding electrical im-
pulses, separating the electrical signals into a plurality of
significant portions and causing electrical stimuli to be
applied directly to the nerves associated with spaced
areas of the skin corresponding to said signal portions
thereby indiceting the distinguishing characteristics in-
cluding intensity, frequency and length of the signals.

What is claimed is:

1. A system for conveying intelligence in the form of
signals, comprising means for producing the signals in
electrical form, a plurality of spaced electrodes adapted
to be placed in intimate contact with the skin of an ob-
server, means for dividing the electrical signals into por-
tions of significant intensities, and means for applying
the signals in each portion to a respective pair of said
electrodes.
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2. A system for conveying intelligence in the form of
signals comprising means for producing the signals in the
form of electrical waves having varying amplitudes, a
plurality of spaced electrodes adapted to be placed in in-
timate contact with the skin of an observer, input cir-
cuits for said electrodes arranged to respond to succes-
sively higher input levels, means for energizing all said
input circuits up to and including that circuit correspond-
ing to the level of the produced signal, and means for
applying electrical impulses to all of said electrodes as-
sociated with the activated circuits.

3. A system for comnveying intelligence, comprising
means for transducing said intelligence to electrical im-
pulses, a plurality of electrodes arranged in a coordinate
system adapted to be placed in intimate contact with the
skin of an observer, means for separating said signal in-
to a plurality of significant frequency components and
applying said components to circuits of the electrodes in
a corresponding coordinate group, and means to separate
said frequency components into a plurality of significant
intensity subcomponents, and means responsive to said
subcomponents for applying stimulating electrical im-
pulses to corresponding electrodes in said coordinate
group.

4.” A system for conveying intelligence in the form of
signals, comprising means for producing the signals in
electrical form, a plurality of spaced electrodes adapted
to be placed in intimate contact with the skin of an ob-
server, means for applying significant frequency compo-
nents of said signals to respective pairs of said electrodes,
and means for subjectively orienting said signal respon-
sive electrodes by applying continuous electrical stimu-
lation to one pair of electrodes.

5. A system for perceiving and distinguishing sounds
which comprises means for producing electrical waves
having frequency components corresponding to the fre-
quency components of the sound waves, means for am-
plifying said electrical waves, means for limiting the
amplitude of said waves to a predetermined level, means
for equalizing the frequency response of the system, a
plurality of pairs of electrodes adapted to be placed in
intimate contact with the skin of an observer, means for
separating the electrical signals into a plurality of fre-
quency bands, means actuated by the signals passed by
the associated bands for applying electrical impulses to
respective pairs of electrodes, and means for applying a
continuous signal to one pair of electrodes to aid in ori-
enting the frequency responsive electrodes.

6. A system for conveying intelligence in the form of
signals having components of various frequencies, com-
prising means for producing the signals in electrical form,
a plurality of sets of electrodes adapted to be placed in
intimate contact with the skin of an observer, means for
separating the electrical signals into a plurality of fre-
quency bands, means for separating the signals in each
of said bands into a plurality of volume levels, and means
for applying the signals in each band at each level to a
respective pair of said electrodes.

7. A system for conmveying intelligence, comprising
means for transducing said intelligence to electrical im-
pulses having significant amplitudes and frequencies, a
plurality of electrodes arranged in a coordinate system
and adapted to be placed in intimate contact with the
skin of an observer, means for separating the electrical
signals into a plurality of frequency bands, means for
segregating each of said bands into a plurality of signal
amplitudes, and means controlled by each segregating
means for applying stimulating electrical impulses to the
electrodes corresponding to the signal frequency compo-
ments and amplitudes received.

8. A system for conveying intelligence in the form of
signals, comprising means for producing the signals in
the form of electrical waves having varying amplitudes,
a plurality of spaced electrodes adapted to be placed in
intimate contact with the skin of the observer, means for
separating the electrical signals into a plurality of fre-
quency bands, and means responsive to a plurality of sig-
nal levels associated with each band for applying elec-
trical impulses to the electrodes corresponding to said
signal frequencies and levels.

9. A system for conveying intelligence in the form of
signals, comprising means for producing the signals in
electrical form, a plurality of spaced electrodes adapted
to be placed in intimate contact with the skin of an ob-
server, means for applying significant intemsity compo-
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nents of said signals to respective pairs of said electrodes,
and means for subjectively orienting said signal respon-
sive electrodes by applying continuous electrical stimu-
lation to one pair of electrodes.
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