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© Methods of and apparatus for generating low frequency electrical stimulus signals. 

© A method of generating a low frequency elec- 
trical stimulus signal is arranged to provide an elec- 
trical stimulus £ ajDiological or living body. Either 
current control or fcoltage control, or both current 
and voltage control is performed in accordance with 
second volume levels supplied from a sound source 
(16) to modulate the electrical stimulus signal. The 
frequency of the electrical stimulus signal is selected 
to be a low frequency, typically below about 60 Hz. 

W     Apparatus for applying the electrical stimulus to 
^the biological body comprises a control section (30) 
Cpand a current/voltage controlling section (40;50). In 
CO the control section (30). a sound volume level de- 
prived from a sound source (16) is sampled at a rate 
00 at which the biological body can sense it in substan- 
tially real time. The respective samples sound levels 
r^are converted into low frequencies and are output. 
O together with predetermined control information. In 
O^the current/voltage controlling section (40:50). cur- 
rent and voltage stimulus signals are frequency- 

modulated separately based upon the respective fre- 
quencies.   The   control   section   (30)   and the 

current/voltage controlling section (40:50) 
ed in a stimulus signal generating section 

are includ- 
(10). 
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1 0 268 366 2 

METHODS OF AND APPARATUS FOR GENERATING LOW FREQUENCY ELECTRICAL STIMULUS SIGNALS 

The present invention relates to methods of 
and apparatus for generating low frequency elec- 
trical stimulus signals, which signals may be used 
to provide an electrical stimulus to a biological 
body. 

/ It has been proposed that, when audible stimu- 
I lus is given to a biological body by, for example, 
' playing suitable music such as light or classical 

music, curative effects for pain such as shoulder 
discomfort or for other unpleasant feelings can be 
achieved since the biological body feels pleasant 
or unpleasant based upon the experimental con- 
ception, or its attention is forcibly concentrated on 
to matters other than pain and unpleasant feelings. 
Similarly, it is also known that when an electrical 
stimulus (such as skin or percutaneous stimulus) is 
given to a biological body, pain, shoulder discom- 
fort or other unpleasant feelings can be relaxed or 
cured. 

According to experimental ideas, it has also 
been proposed that a biological body can feel 
increased refresh stimulus, which can achieve high- 
er curative effects, when a relatively frequent 
stimulus is given to the biological body rather than 
a stimulus which is provided at a lower rate, and 
also that a stimulus regularly given to the biological 
body is better than an irregular stimulus. 

Based upon the above-described observations 
and proposals, various curing methods have been 
proposed to reduce pain. 

As one example of an electrical stimulus signal 
generating technique, there has been proposed a 
method of producing an electrical stimulus signal, 
the pulse repetition frequency of which is not var- 
ied in accordance with a lapse in time, and for 
giving such a stimulus signal to a biological body, 
in particular to sympathetic nerves and parasympa- 
thetic nerves. Moreover, an electrical stimulus sig- 
nal generating apparatus has been proposed, for 
example. In Japanese Patent Publication No. 56- 
5543 (hereinafter referred to as "the first refer- 
ence") and Japanese Utility Model Publication 
No.56-22921 (hereinafter referred to as "the sec- 
ond reference"). 

The first reference describes a technique in 
accordance with the so-called l/f fluctuation theory, 
in which a musical signal is analyzed as a fre- 
quency spectrum, the power spectrum density of 
the analyzed signal being inversely proportional to 
the frequency, while the frequency of the electrical 
stimulus signal is changed over a relatively long 
time period from 0.5 to 4 seconds within a fre- 
quency range between 10 and 100 Hz. and an 
electrical stimulus signal is thereby produced. 

On the other hand, the second reference de- 

scribes a technique in which the pulse repetition 
frequency of the electrical stimulus;, signal and also 
an irregular pulse pattern (in which the generating 
duration time of the same pulse repetition is var- 

s ied) are previously recorded on a recording me- 
dium, and the reproduction of the recorded data 
from the recording medium is performed in accor- 
dance with the l/f fluctuation theory. 

Since, as has been found in this field, when the 
io tempo of music is synchronized with the nerves 

and further with tissue and cells, the effects of pain 
reduction can be enhanced. Accordingly, this effect 
can be realized in that, if the sound volume level 
(or sound pressure level) is used as sound informa- 

75 tion, the percutaneous stimulus can be given to a 
biological body in synchronism with the tempo of 
the music. 

However, since according to the above-de- 
scribed technique, the percutaneous stimulus is 

20 given to a biological body in accordance with the 
frequency as derived by the l/f fluctuation theory, it 
is practically difficult to fit this stimulus with the 
tempo of the music. 

Moreover, it is known in this field that when an 
25 audible stimulus such as music or other sounds 

and a percutaneous stimulus (electrical stimulus) 
reflecting the audible information are combined and 
provided to a biological body, a greater curative 
effect in reducing pain can be expected as com- 

30 pared with a single stimulus. The curative effect 
may be furthermore emphasized when both the 
audible stimulus and the electrical stimulus are 
provided to the biological body in substantially real 
time. 

35 However, according to the above-described 
techniques, neither method can provide both stim- 
uli to a biological body in real time** Accordingly, 
since the electrical stimulus is given to a biological 
body even when the music is under a rest con- 

40 dition or muted, thereby providing lower sound 
pressure, this stimulus is not matched with the 
experimental pain reduction of a biological body. 
As a result, the biological body experiences this 
stimulus as continuous variation of mere stimulus 

45 patterns, so that no significantly-increased curative 
effects can be expected to lead to reduced pain. 

According to a first aspect of the present in- 
vention there is provided a method of generating a 
low frequency electrical stimulus signal, character- 

so ized in that, to generate the electrical stimulus 
signal to give electrical stimulus to a biological 
body, either current control or voltage control or 
both current and voltage control is performed in 
accordance with sound volume levels supplied 
from a sound source to modulate said electrical 
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stimulus signal, and said electrical stimulus signal 
is arranged to be at a low frequency. 

The sound volume level is preferably sampled 
at the rate at which the biological body senses it in 
substantially real time, the respective sound levels 5 
obtained by the sampling are converted into fre- 
quencies within a low frequency region, and then • 
the current or voltage frequency modulation is per- 
formed by these frequencies so as to control the 
current or voltage. 70 

In this case, the low frequency range of the 
sound volume level-to-frequency conversion is 
preferably selected to be between 0 and 60 Hz. 

The sound volume level may be sampled at a 
predetermined rate at which the biological body 75 
senses it in substantially real time, whereupon the 
respective sound volume levels acquired by this 
sampling operation are converted into amplitude 
control values corresponding thereto, and finally 
the amplitude modulation is carried out in accor- 20 
dance with these amplitude control values within a 
range of 0 to 100% of the voltage or current initial 
setting amplitude value, so as to control the current 
or voltage. 

In addition, the sound volume, level may be 25 
sampled at a predetermined rate at which the bio- 
logical body senses it in substantially real time, the 
respective sound levels obtained by this sampling 
operation are then converted into pulse number 
control values, and Finally pulse number modulation 30 
is carried out in accordance with these pulse num- 
ber control values so as to effect the current or 
voltage control. 

In the preferred embodiment, the pulse number 
modulation is performed in such a manner that the 35 
pulse number is within a range from 0 to 30 in 
response to the second volume level. Moreover, 
the above-described sampling operation may be 
performed in a period from 0.01 to 0.5 seconds. 

According to a second aspect of the present 40 
invention there is provided low frequency electrical 
stimulus signal generating apparatus for applying 
an electrical stimulus to a biological body, the 
apparatus comprising: 
a control section wherein a sound volume level 45 
derived from a sound source is samples at a rate 
at which the biological body can sense it in sub- 
stantially real time, the respective samples sound 
levels are converted into frequencies correspond- 
ing to low frequencies and output, as well as pre- 50 
determined control information; and 
a current and/or voltage controlling section wherein 
current   and/or   voltage   stimulus   signals are 
frequency-modulated separately based upon said 
frequencies, said control section and current and/or 55 
voltage  controlling  section  being  included ina 
stimulus signal generating section. 

The stimulus generating section preferably in- 

cludes a control system selecting section for 
switching only one of the current and voltage 
stimulus signals based upon control information 
derived from the control section and for ouputting 
the same as the electrical stimulus signal. 

Moreover, the current control section may in- 
clude a waveform generating section for outputting 
a voltage waveform signal corresponding to the 
sound volume levels, and a current stimulus signal 
generating circuit for outputting a current stimulus 
signal having the same waveform as that of an 
input voltage waveform signal. 

In addition, the control section may include a 
waveform generating section for generating a volt- 
age waveform signal having a frequency corre- 
sponding to the sound volume level, and a voltage 
stimulus signal generating circuit for outputting the 
input voltage waveform signal as a voltage stimulus 
signal. 

Furthermore, the low frequencies are prefer- 
ably within a region between 0 and 60 Hz. 

Moreover, the sampling period is preferably 
selected to be 0.01 to 0.5 seconds. 

In the preferred embodiment, the control sec- 
tion includes means for subdividing the second 
volume levels into a plurality of level steps, a read- 
only-memory for previously storing a sound volume 
level-to-frequency conversion table, and means for 
reeading out from the read-only-memory a fre - 
quency corresponding to the second volume level 
at each sampling opeation. 

In the preferred embodiment, the sound vol- 
ume level is set to a zero level of the sound 
volume level when the sound volume level is equal 
to a zero or lower level. 

In accordance with preferred features of the 
first and second aspects of the invention, the cur- 
rent or voltage controlling is performed based upon 
the sound pressure level of the sound information, 
so as to modulate the electrical stimulus signal in 
an irregular manner. Accordingly, a biological body 
can be stimulated by electrical stimulus in re- 
sponse to the tempo of the sound information. 
Also, no stimulus time period can be made with the 
hearing stimulus when the music is in a rest or 
muted condition, or the sound volume level is low. 
As a result, percutaneous stimulus is given to the 
biological body at the timing at whicht eh biological 
body senses in substantially real time, and thus the 
curing effects of a jmusical cure using this tech- 
nique can be improved as compared with the 
previously-proposed curing effects. 

According to the preferred embodiments, since 
the sound pressure sampling is performed with a 
shorter cycle by which the biological body feels in 
substantially real time, the electrical stimulus can 
be modulated in substantially real time with the 
hearing stimulus, so that unpleasant feelings are 
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removed and the curative effects to reduce pain 
can also be improved. 

In addition, the frequency of the electric stimu- 
lus signal is selected to be a low frequency, for 
instance between 0 and 60 Hz, so that the mental 
and physical reactions of a biological body can be 
relaxed by a pulling phenomenon against the natu- 
ral vibration of automatic nerve reaction (for in- 
stance, in the so-called phenomena of "KEDACHI 
(goose flesh)" and TURUE (tremble)" in order*to 
provide a relaxed feeling to the biological body, the 
natural vibration of which is approximately 15 Hz. 

According to a third aspect of the present 
invention there is provided a method of generating 
a low frequency electrical stimulus signal for apply- 
ing the signal to a biological body, characterized in 
that in response to a waveform of sound informa- 
tion derived from a sound source, at least one of 
current control and voltage control is performed to 
rhythm-modulate said electrical stimulus signal, 
and said electrical stimulus signal is arranged to be 
a low frequency. 

In the preferred embodiment a judgement is 
first made whether or not sound information is 
present If this sound information *is present, only 
low frequency information having a frequency lower 
than approximately 200 Hz is derived. 

As a result of the detection, when no sound 
information is detected, quasi-sound information 
having an arbitrary waveform is generated from a 
rhythm generator which may be provided indepen- 
dently. The current or voltage control is performed 
by utilizing the respective waveforms of the low 
frequency sound information and quasi-sound in- 
formation. 

In accordance with the preferred embodiment, 
it is preferable that the intensity of the electrical 
stimulus signal is selectively adjustable based upon 
the information supplied from the external source. 

According to a fourth aspect of the present 
invention there is provided low frequency electrical 
stimulus signal generating apparatus comprising: 
an input section for setting conditions and for ad- 
justing the same; and 
a stimulus signal generating section, said stimulus 
signal generating section including: 
a waveform control section for outputting a rhythm- 
modulated waveform signal by deriving low fre- 
quency sound information from a sound source; 
a current control section for generating a current 
stimulus signal based upon the rhythm-modulated 
waveform signal; 
a voltage control section for generating a voltage 
stimulus signal based upon the rhythm-modulated 
waveform signal; 
a control system selecting section for outputting at 
least one of the current stimulus signal and the 
voltage stimulus signal as the electrical stimulus 

signal; and 
a control section for controlling operation of the 
aforementioned sections and selection based upon 
a signal derived from the input section. 

5 The waveform control section .preferably in- 
cludes a comparator for detecting whether or not 
sound information is present, a low pass filter for 
filtering low frequency sound information only hav- 
ing a frequency lower than approximately 200 Hz, a 

TO rhythm generator for generating quasi-sound in- 
formation, and a selection ^switch for selecting the 
low frequency sound information when sound in- 
formation is input and the quasi-sound information 
when sound information is not input. 

75 In the preferred embodiment the current con- 
trol section includes an intensity setting circuit of 
the rhythm-modulation waveform-signal, and a cur- 
rent stimulus signal generating circuit for outputting 

#a   current   stimulus   signal,  having   the same 
20 waveform as that of a waveform input from the 

intensity setting circuit and further the voltage con- 
trol section includes a voltage stimulus circuit for 
outputting a voltage stimulus signal by adjusting 
the rhythm-modulated waveform signal. 

25 In the preferred embodiment, the intensity of 
the electrical stimulus signal is selectively adjust- 
able. . 

Either current control or voltage control may 
ber performed based upon the waveform of the" 

30 sound information so as to modulate the electric 
stimulus signal in an irregular manner. As a result, 
the biological body can be electrically stimulated, 
in other words, a percutaneous stimulus can be 
provided in accordance with the tempo of the mu- 

35 sic or the like. When there is no sound information, 
the biological body can be stimulated by the 
waveforms of the quasi-sound information which 
has been generated. Consequently, since the bio- 
logical body can be stimulated with the percuta- 

40- neous stimulus at the rate at whick. it can be 
sensed in substantially real time, reduction in pain 
and curative effects can be further improved, as 
compared with the previously-proposed musical 
medical treatments. 

45       .  Furthermore, since only the sound information 
is utilized which contains low frequencies (lower 
than about 200 Hz) typically of the bass and drum, 
unpleasant feelings can be effectively eliminated. 

According to a fifth aspect of the present in- 
50    vention there is provided low frequency electrical 

stimulus signal generating apparatus comprising a 
stimulus signal generating section which includes: 
a control section in which sound volume levels 
supplied from a sound source are samples at a 

55 rate at which a biological body senses it in sub- 
stantially real time, each of the sampled volume 
levels is converted into a corresponding amplitude 
control value and the resultant value is output, and 

4 
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predetermined control information is output and 
a currentfvoltage control section for performing am- 
plitude modulation in response to the amplitude 
control value within a range of 0 to. 100% of an 
initial set amplitude value of current and/or voltage 5 
stimulus signals. 

The stimulus signal generating section prefer- 
ably includes a control system selecting section for 
switching only one of the current and voltage 
stimulus signals based upon control information IQ 

derived from the control section and for outputting 
the same as the electrical stimulus signal. 

In the preferred embodiment, the current con- 
trol section includes a waveform generating section 
for outputting a voltage waveform having an ar- 75 
bitrary frequency, an intensity setting circuit for 
controlling the intensity of the voltage waveform 
signal by the amplitude control value, and a current 
stimulus signal generating circuit for outputting a 
current stimulus signal having the same waveform 20 
as that of the voltage waveform signal input from 
the intensity setting circuit 

In the preferred embodiment, the voltage con- 
trol section includes a waveform generating section 
for outputting a voltage waveform signal having an 25 
arbitrary frequency, and a voltage stimulus signal 
generating circuit for controlling the intensity of the 
input voltage waveform signal based upon the am- 
plitude control value and for ouputting the same as 
a voltage stimulus signal.      * 30 

In the preferred embodiment, the frequency is 
selected to be from 0 to 60 Hz. and the sampling 
operation is performed within a time period from 
0.01 to 0.5 seconds. 

Furthermore, in the preferred embodiment, the 35 
control section includes means for subdividing the 
sound volume levels into a plurality of level steps, 
and means for converting the subdivided levels into 
the corresponding amplitude control values and for 
outputting the converted control values. - 40 

Moreover, in the preferred embodiment, an 
electrical stimulus signal having 24 steps is ob- 
tained as the amplitude control value within a range 
between 0 and 100% of the initial setting intensity. 

The current or voltage controlling may be per- 45 
formed based upon the sound pressure level of the 
sound information so as to modulate the electrical 
stimulus Signal in an irregular manner. Accordingly, 
the biological body can be stimulated by electrical 
stimulus in response to the tempo of the sound 50 
information. Also, no stimulus time period can be 
made with the hearing stimulus when the music is 
in a rest or muted condition, or the sound volume 
level is low. As a result, percutaneous stimulus is 
given to the biological body at the timing at which 55 
the biological body senses in substantially real 
time, and thus the curing effects can be improved 
as comapred with the previously-proposed curing 

effects. 
According to the preferred embodiments, since 

the sound pressure sampling is performed with a 
shorter cycle by which the biological body feels in 
substantially real time, the electrical stimulus can 
be modulated in substantially real time with the 
hearing stimulus, so that unpleasant feelings are 
removed and the curative effects for reducing pain 
can also be improved. 

In addition, the frequency of the electrical 
stimulus signal may be selected to be a low fre- 
quency, for instance. 0 to 60 Hz. so that the mental 
and physical reactions of the biological body can 
be relaxed, as explained above. 

According to a sixth aspect of the present 
invention there is provided a method of generating 
a low frequency electrical stimulus signal, char- 
acterized in that, to generate an electrical stimulus 
signal to be provided to a biological body, control 
information previously stored in a control section is 
read out without-using acoustic information from a 
sound source so as to control current and voltage 
stimulus signals, and said current and voltage 
stimulus signals are alternately output as the elec- 
trical stimulus. 

The control information is preferably selected 
from more than one sort of waveform, frequency 
and intensity information. The control information 
may be selectable and variable to appropriate val- . 
ues suitable for the biological body in response to 
external input. 

Moreover, the alternating operations of the cur- 
rent and voltage stimulus signals may be per- 
formed at random. 

The time interval between the succeeding al- 
ternating operations is preferably settable at ran- 
dom within a range from several seconds to sev- 
eral tens of seconds. In particular, the alternating 
time interval is preferably selected to be approxi- 
mately 2 seconds to 1 minutes. 

Furthermore, the frequency of the 'electrical 
stimulus signal is preferably selected to be a low 
frequency signal at a frequency between 0 and 60 
Hz. 

According to a seventh aspect of the present 
invention there is provided low frequency electrical 
stimulus signal generating apparatus comprising an 
input section for setting and adjusting conditions, 
and a stimulus signal generating section, said 
stimulus signal generating section including: 
a control section for "previously sorting control in- 
formation which is readily accessible; 
a current control section for generating a current 
stimulus signal controlled by said control informa- 
tion; 
a voltage control section for generating a voltage 
stimulus signal controlled by said control informa- 
tion; and 

5 



9 0 268 366 10 

a control system selecting section for alternately 
switching said current stimulus signal and said 
voltage stimulus signal based upon said control 
signal so as to output the switched signal as the 
electrical stimulus signal. 

The control information of the current and elec- 
trical stimulus- signals is preferably information 
which is selected from more than one sort of 
waveform, frequency and intensity, and the control 
information is selectable and variable based upon 
external input. 

In a preferred embodiment, the alternating se- 
lection of the current and voltage stimulus signal is 
performed at random. 

Furthermore, in a preferred embodiment, a 
time interval of the alternating selection of the 
current and voltage stimulus signals is set at ran- 
dom within several seconds to several tens of 
seconds, and the frequency of the electrical stimu- 
lus signal is selected to be a low frequency be- 
tween 0 and 60 Hz. 

The current or voltage control is based upon 
the waveforms of the sound information so as to 
modulate the electrical stimulus signal in an irregu- 
lar manner. Accordingly, the frequency, waveform, 
and intensity of the sound information of favourable 
music are previously stored, so that a biological 
body can be provided with an electrical stimulus 
(percutaneous stimulus) in response to the tempo 
of this favourable music. As a result, the per- 
cutaneous stimulus can be applied to the biological 
body at predetermined timing at which the body 
can sense this stimulus in substantially real time, 
with the result that improved curing effects can be 
achieved compared to the previously-proposed 
musical curing methods. 

In addition, according to the preferred embodi- 
ment, the current control system and the voltage 
control system are alternately switched to give the 
alternating stimulus to the biological body, with the 
result that it is possible to avoid the situation 
whereby the biological body can feel no stimulus 
upon receipt of the electrical stimulus; therefore, 
unpleasant feelings can be eliminated, the effects 
of pain can be reduced, and the curative effects 
can be improved. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, throughout which like parts are referred to by 
like references, and in which: 

Figure 1 is a block diagram illustrating a 
basic arrangement according to an embodiment of 
the present invention; 

Figures 2A and 2B are block diagrams, each 
of which shows a portion of a detailed block dia- 
gram of a low frequency electrical stimulus signal 
generating apparatus according to an embodiment 
of the present invention; 

Figures 3A to 3K are voltage waveform sig- 
nal diagrams of signals appearing in the circuit of 
Figures 2A and 2B; 

Figure 4 is a schematic diagram for explain- 
■ 5     ing a table conversion. 

Figure 5 is a functional block diagram of a 
CPU shown in Figure 2A; 

Figures 6 to 14 are flowcharts of operations 
according to embodiments of the present invention. 

70 Figure 1 is a block diagram illustrating a basic 
arrangement for explaining aspects of the present 
invention, while Figures 2A and 2B are block dia- 
grams each of which illustrates a portion of a 
detailed block diagram of a low frequency electrical 

75 stimulus signal generating apparatus embodying 
the present invention. In Figures 2A and 2B, por- 
tions indicated by the same reference marks "a" to 
wj" should be connected to each other. 

Referring now to Figure 1, there is shown a low 
20 ' frequency electrical stimulus signal generating ap- 

paratus including a stimulus signal generating sec- 
tion 10 for generating a low frequency electrical 
stimulus signal, a host section 12 for selectively 
supplying data required to drive the stimulus signal 

25 general generating section 10, an electrode section 
14 for applying the generated electrical stimulus 
signal to a biological or living body and. if required, 
a sound source device 16. 

In the preferred embodiment, the host section 
30 12 includes an input section 20 for inputting various 

types of signal to the stimulus signal generating 
section 10. These signals are to set the initial or 
predetermined conditions, to adjust the required 
conditions, or to initialize the generation of the 

35 electrical stimulus signal. The above-described pre- 
determined conditions include, for instance, the 
amplitudes (or intensity), the waveforms, the fre- 
quencies, the stimulus patterns, controlling sys- 
tems for controlling current or voltage, and selec- 

40 tion of electrodes. In addition, if required, the host 
section 12 may further include a sound source 
device for generating music or other sounds, an 
electric converting or transducer device, such as a 
speaker or earphone for reproducing the acoustic 

45 information originating from the sound source de- 
vice, and/or a display section 21 for visually dis- 
playing the generated electrical stimulus signals. 
Alternatively, instead of provision of a sound source 
device in the host section 12, it may be connectred 

50 to the stimulus signal generating section 10 as an 
external sound source device 16. 

In the present embodiment, the stimulus signal 
generating section 10 employs a current or voltage 
control system. According to this system, the vol- 

55 ume of the sound level supplied from the sound 
source device 16 is detected, and the physical 
quantities of the current or voltage stimulus signals 
such as frequencies, amplitudes (intensity) and 

6 
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pulse rate or shape are controlled in response to 
the detected volume levels, while these electrical 
stimulus signals are continuously modulated; thus 
modulated electrical stimulus signals are output 
from the stimulus signal generating section 10. In 
this case, the electrical stimulus signals are prefer- 
ably selected in such a manner that the frequency 
of the stimulus signals is a low frequency within the 
frequency range of approximately 0 to 50 Hz, at 
which biological bodies such as patients feel pleas- 
ant. To this end, the stimulus signal generating 
section 10 includes a control section 30 having a 
CPU (central processing unit) for converting, the 
volume level for controlling the physical quantities 
into predetermined controlling quantities, and for 
effecting other desired controls; a current control 
section 40 for controlling the current in response to 
the above-defined controlling quantities; a voltage 
control section 50 for controlling the voltage in 
response' to the above-defined controlling quan- 
tities; a controlling system selection section 60 for 
selecting either the voltage stimulus signal gen- 
erated from the voltage control section 50, or the 
current stimulus signal produced from the current 
control section 40; and an output section 70. 

Moreover, in the preferred embodiment the 
stimulus signal generating section 10 includes a 
waveform control section 80 for performing rhyth- 
mic stimulus (also referred to as "rhythmic modula- 
tion") by controlling the rhythm of the electrical 
stimulus signal in such a manner that the 
waveforms of both the current and voltage are 
controlled by a sound waveform less than approxi- 
mately 200 Hz during presence of the sound, and 
by a quasi-sound waveform produced during ab- 
sence of the sound, independently of the volume 
level. 

In addition, according to the preferred embodi- 
ment, the control section 30 includes means for 
generating various control signals for waveforms, 
pulse widths, frequencies, intensity (amplitudes) 
and changing over as parameters to stimulate bio- 
logical bodies in order to alternately change, at 
random, the current control system or voltage con- 
trol system, independently of the music or other 
acoustic information. As will be. discussed later, the 
pattern ofcthe current or voltage stimulus signal is 
preset by this control means to the stimulus pattern 
suitable for the respective biological body. 

Referring to Figures 2A and 2B, a description 
will now be given of the arrangements and also the 
controlling system. It shoudl be noted that the 
same reference numerals will be employed to des- 
•gnate the same circuit arrangements as those 
shown in Figure 1. 

In Figure 2A and 2B. the acoustic information 
from the sound source device 16. e.g. a radio, a 
television or other acoustic device, is transferred 

via an amplifier 90 to a sound volume-to-DC level 
converter 91. The resultant volume level signal is 
fed to an A/D (analogue-to-digital) converter 92. 

The output of the amplifier 90 is also con- 
5 nected to an electricacoustic converter or trans- 

ducer 95, such as a speaker or an earphone, via an 
electronic volume control 93 which can be adjusted 
by an external switch SW, and an amplifier 94. This 
output is reproduced and provided to the biological 

TO body as a hearing or audible stimulus. It should be 
noted that the sound reproduction system is not 
necessarily employed in this electrical stimulus 
aparatus. but may be substituted by the reproduc- 
tion system of the external sound source device 

T5 16. 
The output of the amplifier 94 may be dis- 

played by a light emitting display section 21 in 
such a manner that variations in the acoustic in- 
formation are displayed. Int his case, the output is 

20 processed in a DC converter 22 of the display 
section 21 which also includes a light emitting 
diode (LED) 23. It should also be noted that the 
light emitting display section 21 may be provided 
within the host section 12. 

25 In the preferred embodiment, the control sec- 
tion 30 includes a series interface 31 for receiving 
the signal sent from the input section 20 of the host 
section 12 by way of a wireless or wire system, a=: 
central processing unit (CPU) 32 for performing 

30    various processes in response to the signal from 
the interface 31. a random access memory (RAM) 
33 for reading and writing data required for per- 
forming the various processes in the CPU 32, a 
read only memory (ROM) 34 for reading out the 

35     necessary data which have previously been stored 
therefrom for processing in the CPU 32. a prog- 
rammable time unit (PTM) 35 for automatically 
outputting arbitrary frequencies as an internal clock 
with respect to the data set by the CPU 32. an 

40    output port 36 for outputting the outputs containing 
various control signals fromt he control section 30 
to other circuit arrangements, and an input port 37 
for receiving an input to the control section 30, 
such as a signal to detect the end of one cycle of 

45     the frequency from the PTM 35. 
A portion of the output derived from the output 

port 36 is supplied as a control signal to a pulse 
number generator 96, and a changing switch 97 for 
changing the signals from the PTM 35 and the 

so     pulse number generator 96. 
In the preferred embodiment, both the current 

control section 40 and the voltage control section 
50 commonly employ a waveform generating sec- 
tion 41 and a waveform selecting section 42 com- 

55 prising, for instance, an electronic switch for selec- 
tively deriving the generated voltage waveform. A 
frequency or pulse number control signal is trans- 
ferred to a frequency clock section 43 of this 
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waveform generating section 41 via the changing 
switch 97, and the frequency control signal from 
the output port 36 is also supplied thereto. More- 
over, data for changing the pulse width of the 
oltage waveform to be generated is transferred to a 5 
pulse width data son of the" waveform generating 
section 41. 

In the waveform generating section 41, there is 
provided a waveform generating circuit 45. This 
waveform generating circuit 45 employs plenty of io 
circuits  from   which  various  types  of voltage 
waveform signals can be output, as illustrated in 
Figures 3A to 3K. The frequency of the voltage 
waveform signal can be controlled by a signal from 
the frequency clock section 43, and furthermore. is 
the width of the signals can be varied by the data 
from the pulse width data section 44. It should be 
noted that such waveform generating circuit 45. 
frequency clock section 43 and pulse width data 
section 44 can be easily fabricated by utilizing 26 
conventional   electronic  circuit  techniques, and 
therefore need employ no specific electronic cir- 
cuit. At least one or more than two of the waveform 
generating circuits 45 are operated to select one. 
or more than two sets of the voltage waveform 25 
patterns in response to the control signal derived 
from the output port 36 as a waveform select^ 
signal. Also, the waveform generating section 41 is 
so designed that one or more than two sets of the 
voltage   waveform   patterns   output   from   the 30 
waveform generation section 41 can be derived 
based upon a waveform select signal from the 
output port 36. The circuit arrangement of the 
waveform selecting section 42 may also be manu- 
factured by employing conventional circuit tech- 35 
niques, and requires no specific circuit arrange- 
ment. 

One of the voltage waveform signals selected 
by this waveform selecting section 42 is supplied 
to a current stimulus generating circuit 47 via an AO 

intensity (amplitude) setting circuit 46 of the current 
control section 40. The other of the voltage 
waveform signals is supplied to a voltage stimulus 
generating circuit 51 of the voltage control section 
50. 45 

In the current control section 40, the voltage 
waveform signal input into the intensity setting cir- 
cuit 46 is set to a voltage waveform signal having a 
suitable amplitude in response to the control signal 
from the output port 36, whereas in the current 50 
stimulus generating circuit 47, its input voltage 
waveform 1 pattern is converted into a current 
waveform type electrical stimulus signal having the 
same pattern as the voltage waveform pattern. 

In, on the other hand, the voltage control sec- 55 
tioh 50, the voltage waveform signal input into a 
supply voltage stimulus generating circuit 51 via 
the waveform selecting section 42, is converted 

into a voltage waveform type electrical stimulus 
signal having a particular intensity and frequency in 
response to an intensity (amplitude) and frequency 
control signal from the output port 36. 

In addition, in the preferred embodiment, there 
is a controlling system selecting section 60 for 
selecting the electrical stimulus signal produced in 
accordance with either the current control system, 
or the voltage control system, and for supplying the 
selected electrical stimulus signal to a biological 
body as skin stimulus. This selecting operation can 
be performed in response to a selecting system 
control signal derived from the output port 36, 
whereby either the current control system, or the 
voltage control system is selected; otherwise, both 
control systems are alterately selected. 

The electrical stimulus signal obtained via this 
controlling system selecting section 60 is trans- 
ferred to an output section of the low frequency 
electrical stimulus signal generating apparatus. To 
this output section 70, electrodes for applying skin 
stimulus to more than one portion of the biological 
body are connected. A selection of the electrodes 
is under the control of an electrode selection con- 
trolling signal derived from the output port 36. 

In- the preferred embodiment, the waveform 
control section 80 includes: means for detecting 
acoustic information from the amplifier 90. for in- 
stance, a comparator 81; a low-pass filter 82-for 
passing therethrough acoustic information having a 
frequency lower than approximately 200 Hz; a 
rhythm generator 83 for generating a quasi-acous- 
tic waveform during a rest or mute period of the 
acoustic information; and a selection switch 84 for 
selecting the acoustic information having a fre- 
quency lower than approximately 200 Hz supplied 
from the low-pass filter 82 when the acoustic or 
sound information is detected by the comparator 
81, and for transferring the quasi-acoustic informa- 
tion as a rhythm-modulated (stimujus) waveform to 
the waveform selecting section 42 when the com- 
parator 81 detects no acoustic information. The 
above-described acoustic information is also trans- 
ferred via an A/D converter 92 to the control sec- 
tion, and is dispalyed as a rhythmic illustration at 
the display section 21 under the' control of the 
control signal from the output port. 

In the present embodiment, the frequency of 
the electrical stimulus signal for providing the skin 
stimulation is selected to be a low frequency. In the 
preferred embodiment, a frequency range is deter- 
mined to be approximately 0 to 60 Hz, at which a 
biological body receives a pleasant sensation.. By 
controlling either the current controlling or the volt- 
age controlling in accordance with the sound vol- 
ume level of the sound source, the electrical stimu- 
lus signal is modulated. 

In the case of this current controlling system. 

8 



15 0 268 366 16 

cells of a biological body feel electric charges as 
energy, whereas in the case of the voltage control- 
ling system, a small current is sufficient if the body 
is to feel the same pleasant sensation as that in the 
current controlling system, because the voltage is 
fluctuated. If is known in the art that according to 
both controlling systems, a biological body can feel 
a pleasant sensation. 

In -the preferred embodimetn, the following 
three modulations are performed. 

(1) The electrical stimulus signal is modu- 
lated by controlling the frequencies of the current 
and voltage, amplitude and pulse number, in rela- 
tion to the sound level. 

(2) The electrical stimulus signal is rhythm- 
modulated by controlling the current and voltage 
while using proper sound waveforms and quasi- 
sound waveforms having frequencies lower than 
about 200 Hz. without utilizing the sound level. 

(3) The electrical stimulus signal is stimulus 
pattern-modulated by controlling the current and 
voltage patterns based upon a combination of var- 
ious types of control information (waveforms, fre- 
quencies and amplitudes) which is previously set in 
the control section, without using the sound in- 
formation. 

Referring now to Figures 4 to 16, a detailed 
description will be given. Figure 4 is a schematic 
diagram for explaining a table conversion. Figure 5 
is a functional block diagram of the CPU 32. Fig- 
ures 6 to 14 are flowcharts of the operations ac- 
cording to the preferred embodiment, where the 
respective processing steps are indicated by "S". 

Sound level frequency modulation will now be 
described. 

First, a power switch is turned on to energize 
the music source device 16. Thus, acoustic in- 
formation such as music is produced, thereby giv- 
ing hearing stimulation to a biological body such as 
a patient. 

The acoustic or sound information originating 
from the music sound device 16 is converted into a 
sound level composed of data of suitable bit num- 
bers such as. for example. 8-bit data or 256-bit 
data, as illustrated in the upper column of Figure 4, 
by utilizing a sound volume-to-DC level converter 
91 and an A/D converter 92 in real time processing. 

Predetermined initial information containing the 
modulation, waveform, frequency, electrode selec- 
tion, controlling system and so on is input by the 
input section 20 (e.g. an input key) of the host 
section 12 to the control section 30 of the stimulus 
signal generating section 10. Based upon this initial 
information, the processing is performed by the 
setting means of the CPU 32 (S1). and correspond- 
ing control information is read out from the ROM 
34, or converted into predetermined control in- 
formation. Thereafter, the above-described control 

information is supplied to the respective circuit 
arrangement components of the output port 36 to 
set the initial conditions (S2). 

For instance, a waveform select signal is trans- 
5     ferred to a waveform generating section 41 to ac- 

tuate the waveform generating circuit 45. while this 
control signal is sent to the pulse width data sec- 
tion 44 so as to initial-set the proper pulse width. 

When the initial frequency information is sent 
70 to the frequency clock section 43, the frequency of 

the voltage waveform signal from the waveform 
generating circuit 45 is initial-set in such a manner 
that a biological body feels the maximum stimula- 
tion, for instance, at 30 Hz, when the waveform of 

is the electrical stimulus signal is the same. This 
initial setting of the frequency is set independently 
of presence of the sound information supplied from 
the music sound device 16. 

Simultaneously, the control signal is supplied 
20 to the voltage controlling and current controlling 

system selecting section 60 in order to select ei- 
ther controlling system, thereby determining the 
corresponding electrical stimulus signal. 

The intensity of these electrical stimulus sig- 
25 nals is set every time the control signal read out 

from the ROM 34 is transferred to an intensity 
setting circuit 46 and a voltage stimulus generating 
circuit 51 in accordance with the selection by the 
input section 20. This intensity of the electrical 

30    stimulus signal can be adjusted until a user feels a' 
pleasant sensation while receiving this electrical 
stimulus signal. 

When this stimulus intensity reaches a desired 
level, the start input is transported to the control 

35 section 30 by turning on the start key of the input 
section 20 in the host section 12, the medical 
treatment commencement data is sent to the 
stimulus signal generating section 10 (S3) while 
processing in the CPU 32, and then, the control 

40 section 30 starts to receive the volume level from 
the A/D converter 92 (S4). This signal reception is 
carried out by the sampling operation of the CPU 
32. The respective volume levels are once written 
into the RAM 33. which have been acquired every 

45 sampling operation (S5), and are sequentially read 
out from the RAM 32. if required (S6). The volume 
level of data of suitable bit numbers such as. for 
example. 8-bit data or 256-bit data is converted in 
the CPU 32 into 16-stepped level data (S7). 

so In this level conversion, not only a zero vol- 
ume, but also a lower volume is recognized as the 
electrical stimulus signal having the zero level in- 
tensity, which forcibly corresponds to the zero 
step. The 16-step volume levels are converted into 

55 the corresponding frequencies for the lower fre- 
quency region (step 8). According to this level 
conversion, the conversion frequencies correspond- 
ing to the respective volume levels are previously 
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stored in the ROM 34 in table form, and thus, the 
corresponding frequency is read out by comparing 
it with the frequency conversion table every volume 
level (S8). This frequency information is sent via 
the ouput port 36 to the corresponding circuit ar- 
rangement (S9). In this case, the period of sam- 
pling is preferably selected to be in a range from 
approximately 0.01 to 0.5 seconds, for example, at 
which a biological body senses or feels practically 
in real time. Also, as the frequency table, the 
stimulus frequencies from 0 to 60 Hz are allocated 
to the 16-step volume levels, as illustrated in Fig- 
ure 4, at which a biological body feels comfortable 
or pleasant. The frequencies of the stimulus signal 
are preferably selected to be in a range from 0 to 
30 Hz. As is easily understood from Figure 4, the 
volume level "0" is set to 1.5 Hz, the level "1" is 
set to 2 Hz, the level "5" corresponds to 5 Hz. the 
level "10" is.equal to 10 Hz. the level "11" is 
selected to be 15 Hz, —, the level "15" is selected 
to be 30 Hz. To. carry out such frequency convert- 
ing, the CPU 32 includes conversion means 102 for 
performing the frequency conversion by the sam- 
pling operation (See Figure 5). 

When the volume level is frequency-converted 
and output from the output port 36 every sampling 
period, this frequency is supplied to the frequency 
clock section 43 of the waveform generating sec- 
tion 41 and the voltage stimulus generating circuit 
51, whereby the frequencies which have been ini- 
tially set are sequentially updated by the frequen- 
cies newly converted by the received volume level. 
Under this condition, the current or voltage fre- 
quency converting operation is effected, so that the 
frequency modulation of the electrical stimulus sig- 

* nal can be automatically achieved. 
As previously described, music and other 

sounds are utilized as a hearing stimulus, the 
sound volume level supplied from the sound 
source device 16 is sampled in substantially real 
time in synchronism with the hearing stimulus, and 
the frequency of the electrical stimulus signal is 
modulated to the frequency corresponding to the 
sound volume level at the same time as the sam- 
pling time, whereby this electricaJ stimulus signal is 
applied to a biological body as a skin or per- 
cutaneous stimulus. 

The most important aspect of such a frequency 
modulation is to substantially perform the real-time 
sampling, and also to set the electrical stimulus 
(corresponding to the percutaneous stimulus) in 
response to this sampling oepration. In the pre- 
ferred embodiment, when the sound volume (sound 
pressure) level is equal to zero, or a very low level 
(e.g. less than one sixteenth (1/16) of the maximum 
level), the frequency is set. for instance, to be less 
than 1.5 Hz. Under such circumstances, the waiting 
time period for the succeeding stimulus is preset 

as follows. For instance, for the 1 Hz frequency, the i 
waiting time period is 1 second; for the 0.5 Hz 1 
frequency, the waiting time period is 2 seconds; for j 
the 0.25 Hz frequency, the waiting time period is -:\ 

5     set to 4 seconds. As a result, when using actual < 
music, no percutaneous stimulus is performed dur- > 
ing the rest time and lower sound volume con- 
ditions. Since no stimulus time of this percutaneous • 
stimulus will in practice be synchronized with no : 

10 stimulus time period of the hearing stimulus, the 
cerebrum cortex feels no or reduced pain because 
the nerve supervision may occur by the experimen- 
tal concept in the music field, which improves the 
effects of the cure. 

75 When the waiting time period for the subse- 
quent percutaneous stimulus becomes long, the 
case may arise where in fact generation of the 
electrical stimulus signal does not reflect the hear- 
ing stimulus. To avoid such a problem, in the 

20 • preferred embodiment, the control section 30 of the 
stimulus signal generating section 10 includes fre- 
quency forcibly converting means 103 for forcibly 
converting the input signal to a new frequency 
corresponding to the newly sampled volume level. 

25 when the waiting time period becomes longer than 
a predetermined level, while continuously monitor- 
ing the converting frequency and the sound volume 
level. 

Operation flows of the frequency forcibly con- 
30 verting means 103 will now be described with 

reference to Figure 8. 
At first, a judgement is carried out whether or 

not the sampled volume level is lower than one 
sixteenth of the maximum level (S10). If the answer 

35 is NO. another judgement is performed whether or 
not the present frequency is lower than, for in- 
stance, 5 Hz (S12). If the answer is YES. that is. if 
the sound volume level is lower than one sixteenth 
of the maximum level, the cure intensity is set to 

40 the zero step (S11). Then, if the frequency is 
higher than 5 Hz. a judgement is m£de whether or 
not one cycle of this frequency is completed (S13). 
If one cycle of the frequency is not yet completed, 
the cure intensity is set to the setting intensity (i.e., 

45 the initial setting intensity) (S16). When one cycle 
of this frequency is accomplished, the volume level 
is converted into the frequency corresponding to 
the volume level which has been acquired in the 
succeeding sampling operation (S15). The resultant 

so signal is output via the step S16. When the present 
frequency is lower than 5 Hz which has been 
judged in the above step S13. it is compared with 
the secound volume level obtained at the previous 
sampling oepation occurring just before the present 

55 sampling operation (S14). If the present volume 
level is higher than the previous volume level, it is 
forcibly set to the frequency corresponding to the 
present volume level during the signal process in 
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the step S15. and thereafter processed in the step 
S16 to output the resultant signal. On the contrary, 
if the present volume level is lower than the com- 
parison level, the process of the step S16 is carried 
out. The above-described overall signal process is 
continuously performed during the operation of the 
electrical stimulus signal generating apparatus. It 
should be noted that although the converting 
means 102 and the frequency forcibly converting 
means 103 are separately employed in the pre- 
ferred embodiment, the frequency forcibly convert- 
ing means 103 may be included as part of the 
converting means 102. In addition, the operation 
flow is not limited to the above-described flow. 

In order to effect amplitude modulation, at first, 
an initialization is performed in a simialr manner to 
that .effected for frequency modulation (see Figures 
5 and 6). In this embodiment the initialized inten- 
sity corresponds to the maximum intensity by 
which a biological body feels maximum stimulus. 
This initialized intensity is equal to a set intensity 
which is written in the RAM 33 and read therefrom, 
if required. 

When, for example, an 8-bit data sound volume 
level is sequentially taken in by the sampling op- 
eration, the set intensity is sequentially updated in 
real time by another intensity (amplitude) corre- 
sponding to the above sound level in a range from 

. 0 to 100 percent (0 - 100%). As a result, amplitude 
modulation for the electrical stimulus signal can be 
achieved, whereby the intensity modulation for the 
percutaneous stimulus can also be achieved. This 
amplitude (intensity) conversion is performed con- 
tinuously. 

This amplitude modulation is mainly performed 
by employing the cure intensity setting means 104. 

Referring now to Figure 9. the amplitude modu- 
lation process will be described. First, the set inten- 
sity is read out from the RAM 33 (S20), and sec- 
ondly.^the 8-bit volume level is read out from the 
RAM 33 (S21). Subsequently, to execute the fol- 
lowing equation (I), the 8-bit data of this volume 
level is divided by 256, and the resultant quotient is 
multiplied by the set intensity to obtain the cure 
intensity, that is to say, an amplitude control value 
(S22). It should be noted that the calculation pro- 
cess is not limited to the above process. 
The cure intensity = (the set intensity) x {(the 8-bit 
data of, the sound volume data)/256} ...(I). 

In Jhis case, the 24-stepped electrical stimulus 
signal intensity is preferably obtained as the am- 
plitude control value, which is set within a range 
from 0 to 100 percent. Also, when the music/sound 
volume level is equal to zero, or ver low. the 
electrical stimulus signal intensity is forcibly set to 
zero. However, the intensity becomes low when the 
sound volume level is low. even if this intensity is 
not set to zero. As a result, a biological body feels 

no stimulus so that the body sensation is related to 
the music/sound. 

In the preferred embodiment, the calculation 
process is^accomplished int he functional block of 

5 the cure intensity setting means .104. It is also 
possible that the cure intensity (or amplitude con- 
trol value) is stored as the conversion table in the 
ROM 34, and this conversion table is read to 
convert the data into the cure intensity. 

io The resultant amplitude control value is output 
from the ouput port 36, and then transferred to the 
intensity setting circuit 46 and the voltage stimulus 
generating circuit 51. where the amplitudes of the 
current and voltage stimulus signals are modulated, 

rs In this case, either the current control system, or 
the voltage control system is selected by the con- 
trol system selecting section 60 in the same man- 
ner as in the frequency modulation system. 

In accordance with this amplitude modulation. 
20 • the sound volume level supplied from the sound 

source device is sampled in substantially real time 
as the hearing stimulus, and amplitude-converted 
at the same time as the sampling time, so that the 
amplitude of the electrical stimulus signal is set 

25 within a range from 0 to 100 percent of the set 
intensity in real time. 

The main feature of the present amplitude 
modulation is to supply no electrical stimulus when 
the music or other sound is in a rest condition arid- 

30 the sound volume is low. That is to say, no stimu- 
lus signal of the percutaneous stimulus can be" 
produced in accordance with the music, which 
causes a significant curing effect in the music 
curing method. 

35 in order to effect pulse number modulation, 
similar initialization as for frequency modulation is 
carried out. Instead of the frequency, a pulse hav- 
ing a pulse rate of. for instance. 16 pulses/second 
(corresponding to 30 Hz) is produced from the 

40    pulse number generator 96 (Figures 5 and 6). 
Then, when the 8-bit data of the volume level 

is sequentially read out, it is sequentially updated 
in real time by the pulse numbers corresponding to 
the read volume level within a range of the initial- 

's ized set pulse number as a maximum pulse num- 
ber, so that control of the electrical stimulus signal 
can be achieved, and thus the pulse number con- 
trol of the percutaneous stimulus can be achieved. 
This pulse number modulation is continuously per- 

50    formed in the preferred embodiment. 
This pulse number modulation is .mainly per- 

formed by employing the pulse number setting 
means 105 of the CPU 32. 

In accordance with the pulse number modula- 
55     tion process (see Figure 10). the sound volume 

level subdivided into 16-stepped levels is read out 
from the RAM 33 (S23). and then the correspond- 
ing pulse-number-converted value is obtained from 
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the ROM 34 by the table conversion (S24). Subse- 
quently, the following equation (II) is calculated 
(S25). 
Pulse number control value = (16-stepped con- 
verted vaiuesH ...(II) 

In the preferred embodiment, the pulse number 
control value calculation is based upon the equa- 
tion (II). and thereafter sent via the ouput port 36 to 
the pulse number generator 96. Accordingly, the 
pulse is generated at the pulse rate corresponding 
to the sound volume level which has been sam- 
pled, and transferred via a changing switch 97 to 
the frequency clock section 43 in the waveform 
generating section 41. As a result the current and 
voltage stimulus signals can be produced as the 
pulse signal, the pulse rate of which is controlled. 
The pulse numbers employed in the preferred em- 
bodiment are preferably set in the range from 0 to 
30 pulses/second at which a biological body feels a 
pleasant sensation. 

According jto the above equation (II), the pulse 
number becomes zero when music is in the rest 
condition and the sound volume is low. 

It should be noted that the calculation of the 
pulse number control value is not limited to the 
above-defined equation (II), buf may be realized by 
different calculation methods. Instead of the equa- 
tion calculation, the pulse number control value 
corresponding to the sound volume level js pre- 
viously stored in the ROM 34. and then, the neces- 
sary data may be obtained from the ROM 34 by 
way of the table conversion. 

As has been described in the above preferred 
embodiment, the percutaneous stimulus can be 
applied to a biological body with the hearing stimu- 
lus in substantially real time by employing pulse 
number modulation, in similar manner to the fre- 
quency modulation. 

Referring now to Figure 11. a rhythmic modula- 
tion process will be described, not using the sound 
volume level. The setting conditions such as the 
modulation system, waveform, stimulus pattern, 
control method, and electrode selection are input 
into the control section 30 from the input section 20 
of the host section 12 as curing data. This process- 
ing will now be described. As in the above-de- 
scribed frequency modulation and other modula- 
tions, the initial data setting is performed based 
upon these setting conditions. To sufficiently feel 
the strong intensity, a waveform having a large 
wave crest is employed while the initial setting is 
effected. For example, when a biological body 
starts to feel, as optimum stimulus, the stimulus 
pattern, the medical treatment will be commenced. 
At first, the rhythmic modulation command informa- 
tion is sent from the output port to the waveform 
control section 80 by the modulation system set- 
ting means 106 of the CPU 32. so as to enable this 

waveform control section 80 (S30). A judgement is 
made whether or not the sound information sup- 

. plied from the sound source device 16 is present 
.  or not (S31). When the output is present, it is 

5 compared by the comparator 81 with, for instance, 
a set level, and the changing switch 84 is changed 
over to the low pass filter 82 so as to send sound 
information of frequency lower than approximately 
200 Hz to the waveform selecting section 42 as the 

io rhythmic modulation waveform (S32). When, on the 
other hand, no sound information is present (S33), 
in response to the command sent from the modula- 
tion system setting means 106, the waveform se- 
lection 42 is changed to select only the rhythm- 

75 modulation waveform, which is sent to the suc- 
ceeding stage (S34). 

The rhythm-modulated waveform is sent from 
this waveform selecting section 42 to the voltage 
stimulus generating circuit 51, and also to the cur- 

20 rent stimulus generating circuit 47 via the inensity 
setting circuit 46 (S32). Based upon both the 
rhythm-modulated waveform, the rhythm and/or in- 
tensity of the current and voltage stimulus signal 
are controlled (S33), and are output as the elec- 

25 trical stimulus signal in accordance with either the 
current or voltage controlling system, as in the 
above-described other modulation systems. As a 
result, rhythmic and intensity stimulus can be ap- 
plied to a biological body. 

30 In the preferred embodiment, the reason" why 
the low pass filter has a pass band lower than 
approximately 200 Hz. is that the stimulus which is 
achieved by the frequency pattern within this fre- 
quency range can be derived from the stimulus 

35    obtained by the bass and drum sounds in music. 
By receiving such rhythmic stimulus, unpleas- 

ant sensations of the biological body can be re- 
laxed, mitigated or cured. 

In the preferred embodiment, the parameters 
40 for stimulus patterns selected by the control sec- 

tion 30 are automatically varied with* no reaction to 
music. Thus stimulus pattern modulation can be 
achieved without employing a sound source device 
alternately changing the current or voltage control 

45 systems. These parameters typically contain 
waveforms, pulse widths, frequencies and inten- 
sities. 

In the present embodiment, two examples 
wehre the frequencies and intensities are used as 

so    variable parameters, will now be described for the 
stimulus pattern modulation processing with refer- 
ence to Figures 2. 5 and 12. 

The initial setting values and also the variable 
parameters values for the frequencies and inten- 

55    sities have been previously stored in the ROM 34. 
Firstly, the case will be described in which the 

frequency is variable in stimulus pattern modulation 
processing. 
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In response to commands sent from the input 
section 20. the stimulus parameter modulation is 
designated by a modulation system setting means 
106. as in the previous modulation system (S40). 
Then, the initial setting for the waveform, pulse 
width and intensities are performed by the setting 
means 101 (S41). Thereafter, in response to this 
command, the stimulus parameter setting means 
107 is actuated to read out the frequencies from 
the ROM 34. These frequencies are output via the 
ouput port 36 to the waveform generating section 
41 and voltage stimulus generating circuit 51 (S42). 
These frequencies may be fixed values, or variable 
at random. Thereafter, the electrical stimulus signal 
is similarly controlled as in the previous frequency 
modulation (S43). Subsequently, based upon the 
modulation system selected by the above-de- 
scribed modulation system setting means 106, the 
command for alternately outputting the current and 
voltage stimulus signals at a constant rate, or ran- 
dom rate, is given to the control system selecting 
section 60 by this setting means 106. Accordingly, 
these stimulus signals are altnerately output (S44), 
which enables the voltage and current stimulus to 
be alternately applied to a biological body. 

The above alternate selection can be per- 
formed by the command from the input section 20 
and the stimulus signals are read out and output 
from the ROM 34. These processes can be per- 
formed by the setting means 101. 

Secondly, the situation will be described in 
which the intensity is variable in stimulus pattern 
modulation processing. Since this intensity variable 
process is, in principle similar to the above-de- 
scribed frequency variable process, the frequency 
as illustrated in Figure 12 is merely substituted by 
the intensity (amplitude) for the intensity variable 
process. However, to initialize the frequency, a 
control signal is sent from "the setting means 101 to 
the PTM 35 and thus, the frequency is automati- 
cally locked by this PTM 35. The stimulus pattern 
modulation is carried out by such an intensity vari- 
able system whereby the voltage and current 
stimulus signals can be alternately applied to the 
biological body. 

In both types of the stimulus pattern modula- 
tion processes, the stimulus patterns are controlled 
by the program previously stored in the CPU 32. 

As has been described, the current and voltage 
stimujys signals are alternately changed in this 
type of stimulus pattern modulation system. The 
time period required for this signal change is se- 
lected to be from several seconds to several min- 
utes. It is however preferable to select approxi- 
mately two seconds to one minute. 

The reason why such alternation stimulus em- 
ploying the voltage and current stimulus signals is 
applied to the biological body is as follows. When. 

for instance, the current control is performed as a 
sine wave and an expotentia! function waveform, 
and also the voltage control is performed as a 
rectangular wave  and  a  spike  or pin-shaped 

5 waveform.no stimulus is given to r the biological 
body during the current control, even if the same 
current value as in the voltage control method is 
used. Although the biological body feels no stimu- 
lus, it receives electric changes in the current con- 

io trol method, so that this current stimulus method is 
effective for a biological body under anesthesia, 
children, or a person who does not like to receive 
the electrical stimulus signal. However, if only cur- 
rent stimulus causes no sensation or feel to a 

75 biological body, it may feel the proper stimulus by 
alternately changing the voltage and current stimu- 
lus 

Figure 13 shows one example of a main control 
flow of apparatus embodying the present invention. 

20 First, a check is made whether or not the 
signal sent from the input section 20 is received 
(S50). If the input signal is received, then the 
subsequent frequency processing operation is per- 
formed after the data used for the above judge- 

25 ment and also each of the data have been set. If 
such an input signal is not yet received, the subse- 
quent frequency processing operation is similarly 
carried out. 

Thereafter, a judgement is made whether or 
30 not the frequency modulation is performed (S52). If 

its command is made, then the control advances to 
the next processing step after the frequency modu- 
lation processing has been carried out (S53). If no 
command is made, the control directly advances to 

35    the succcceeding process. 
Thereafter, a judgement is made whether or 

not amplitude modulation is to be performed (S54). 
If its command is made, the control advances to 
the succeeding step after the amplitude modulation 

40 processing as been accomplished (S55). If no com- 
mand is made, the control directly advances to the 
subsequent step. 

Subsequently, a judgement is made whether or 
not rhythmic modulation is to be done (S56). If the 

45 command is made, then the control advances to 
the next processing step after the rhytfimic modu- 
lation has been executed (S57). If no, then the 
control advances directly to the subsequent pro- 
cessing step. 

50 Next, a judgement is made whether or not 
pulse number modulation is to be done (S58). If the 
command is made, the control advances to the 
subsequent processing step after the frequency 
modulation process has been performed (S59). If 

55 there is no command, the control directly advances 
to the next processing step. 

Then, a judgement is made whether any modu- 
lation processing is to be done (S60). If no modula- 

13 
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tion. command is made, the control advances to the 
next processing step after no modulation process- 
ing has been performed (S61). Otherwise, the con- 
trol advances directly to the succeeding process 
step. 5 

Then, in addition, a predetermined process 
such as a stimulus pattern process is controlled 
(S62K 

It should be noted that these signal processing 
are repeated during a series of operations of the io 
low frequency stimulus signal generating appara- 
tus. The judgement processings for judging the 
sorts of various modulations are performed in the 
modulation system setting means 106 in the CPU 
32. The judgement results are sent to the the 75 
respective frequency forcibly converting means 
TG3, cure intensity setting means 104. pulse num- 
ber setting means 105, and stimulus parameter 
setting means 107. Then, the desired signal pro- 
cess is effected. 2*0 

In Figure 5, the sound volume level data which 
has been input from the A/D converter 92 into the 
CPU 32. is converted into 8-bit data and set into 
the RAM 33 by means of the converting means 
T02 as illustrated in the flowchart of Figure 14 25 
(S63). This data conversion is carried out in such a 
manner that the data value derived from the A/D 
converter 92 is converted into the 8-bit data having 
256 steps. This set data is further converted into 
16-stepped data and set into another field in the 30 
RAM 33 (S64). 

A brief explanation will now be made of the 
current stimulus generating circuit 47 and the volt- 
age stimulus generating circuit 51 (which have pre- 
viously been described in outline as shown in Fig- 35 
ure 2) with reference to Figures 15 and 16. 

It should be noted that "both generating circuits 
47 and 51 can be assembled by employing con- 
ventional electronic circuit technology. 

In Figure 15. there is shown a block diagram of AQ 

one example of the current stimulus signal generat- 
ing circuit. As previously described, this circuit is 
operable to output a current having the same 
waveform as that of the input voltage. 

This generating circuit may comprise a first 45 
stage 110, a second stage 120 and a third stage 
130, including, for instance, an operational amplifier 
til. a photocoupler 112, 121 and a darlington * 
circuit 132. 

The first stage 110 includes the operational so 
amplifier 111 and a light emitting diode 112 of the 
photocoupler to convert the voltage waveform into 
the current waveform at a constant voltage level, 
and to convert the input voltage into a photo- 
output. ~ 55 

The second stage 120 includes a light receiv- 
ing element 121 of the photocoupler, a current-to- 
voltage converting circuit 122 for converting the 

current supplied from the light receiving element 
121 into a voltage, and an operational amplifier 123 
for amplifying the resultant voltage, so as to pro- 
duce an amplified voltage. 

The third stage 130 produces the output cur- 
rent by amplifying the voltage with an operational 
amplifier 131 and thereafter, by converting the am- 
plified voltage into a current in the darlington circuit 
132. In this case, the circuit arrangement is de- 
signed so that even if the impedance of the biologi- 
cal body to which this output current is provided is 
varied, a current having the same waveform as that 
of the voltage can be continuously output by feed- 
ing back the output of the darlington circuit 132 to 
the operational amplifier 131. 

ft should be noted that the circuit arrangement 
of the current stimulus signal generating circuit 46 
is not limited to the above embodiment, but may 
be modified. 

The voltage stimulus generating circuit is a 
circuit for simply amplifying the input voltage, a 
suitable circuit arrangement for which is shown in 
Figure 16. This voltage stimulus generating circuit 
51 comprises an operational amplifier 141 and a 
push-pull amplifier 142 for amplifying the output 
from the operational amplifier, so as to output a 
voltage which is obtained by converting the am- 
plitude and frequency of the input voltage into a 
predetermined voltage. 

Simiiariy. the generating circuit 51 is not limit- 
ed to the above-described circuit arrangement, but 
may be modified. 

The control method and/or apparatus are not 
restricted to the above-described method and cir- 
cuit arrangement, but may be modified, for exam- 
ple as follows. 

For instance, the arrangement of the apparatus 
as illustrated in Figure 2 may be constructed by 
employing other circuit arrangements. Similarly, the 
operation method may be modified^. 

It is also possible to generate the electrical 
stimulus signal by combining more than two modu- 
lations selected from the above-described frequen- 
cy modulation, amplitude modulation, pulse modu- 
lation, rhythmic modulation, and stimulus pattern 
modulation (alternate stimulus). 

As has been described in detail, the low fre- 
quency electrical stimulus in accordance with the 
sound volume (sound pressure) levels of music or 
other sounds can be given to a biological body in 
substantially real time by alternately changing the 
current or voltage control system. As* a result, im- 
proved curative effects as well as pain relaxation 
effects can be achieved, compared with the 
previously-proposed cure systems based on the l/f 
fluctuation theory. 

Particularly in the case of rhythm modulation, 
the current or voltage stimulus signal is controlled 
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based upon the sound waveforms when the sound 
information is input. When no sound information is 
present, these voltage and current stimulus signals 
are controlled based upon a quasi-sound 
waveform. Then, since one of these stimulus sig- 
nals can be output as the electrical stimulus signal 
in real time, pain reduction and curing effects can 
be improved compared with the previously-pro- 
posed l/f fluctuation theory. In addition, since the 
present arrangement utilizes only sound informa- 
tion containing low frequencies, typically lower than 
approximately 200 Hz (such as bass and drums in 
music), unpleasant feelings can be effectively re- 
duced or eliminated by producing a rhythmic feel- 
ing. 

Furthermore, particularly in the case where the 
current stimulus signal and voltage stimulus signal 
are altenrately switched-over to output as the elec- 
trical stimulus signal, since a biological body can 
be electrically stimulated in real time in accordance 
with the tempo of the favourable music, enhanced 
curing effects and pain reduction can be realized in 
the field of the musical curing method, as com- 
pared with the previously-proposed musical curing 
method employing l/f fluctuation theory. Further- 
more, as the current and voltage'control systems 
are alternately switched to give such alternating 
stimulus to the biological body, it is possible to 
avoid the absence of stimulus feeling for the bio- 
logical body. Accordingly, lack of sensation or feel- 
ing can be eliminated, pain effects can be reduced 
and the curative effects can be improved. More- 
over, since a low frequency electrical stimulus sig- 
nal is employed, relaxation can be expected both 
physically and mentally. 

Claims 

1. A method of generating a low frequency 
electrical stimulus signal, characterized in that, to 
generate the electrical stimulus signal to give elec- 
trical stimulus to a biological body, either current 
control or voltage control or both current and volt- 
age control is performed in accordance with sound 
volume levels supplied from a sound source (16) to 
modulate said electrical stimulus signal, and said 
electrical stimulus signal is arranged to be at a low 
frequency. 

2. A method according to claim 1. character- 
ized in that said sound volume levels are sampled 
at a predeterined level at which the biological body 
senses them in substantially real time, the respec- 
tive sound volume levels obtained by said sam- 
pling operation are converted into frequencies cor- 
responding to a low frequency region, and said 

current or voltage control is performed by 
frequency-modulating the current or voltage with 
said frequencies. 

3. A method according to claim 2. character- 
5     ized in that said low frequency region is between 0 

and 60 Hz. 
4. A method according to claim 1, claim 2 or 

claim 3, characterized in that said sound volume 
levels are sampled at a predetermined rate at 

TO which the biological body senses them in substan- 
tially real time, the respective sound volume levels 
obtained by said sampling operation are converted 
into corresponding amplitude control values, and in 
accordance with said amplitude control values, said 

rs current or voltage control is performed by perform- 
ing amplitude modulation within a range from 0 to 
100% of initial setting amplitude values of the 
current or voltage. 

5. A method according to any one of the pre- 
20  • ceding claims, characterized in that said sound 

volume levels are samples at a predetermined rate 
at which the biological body senses them in sub- 
stantially real time, the respective sound volume 
levels obtained by said sampling operation are 

25 converted into pulse number control values, and in 
accordance with said pulse number control values, 
pulse number modulation to the current or voltage 
is carried out. 

6. A method according to claim 5, character- 
30    ized in that said pulse number modulation is per- 

formed in such a manner that the pulse number is 
within a range from 0 to 30 in accordance with said 
volume levels. 

7. A method according to any one. of claims 2 
35     to 6, characterized in that said sampling operation 

is performed within a time period from 0.01 to 0.5 
seconds. 

8. Low frequency electrical stimulus signal gen- 
erating apparatus for applying an electrical stimulus 

40     to a biological body, the apparatus comprising: 
a control section (30) wherein a sound volume level 
derived from a sound source (16) is samples at a 
rate at which the biological body can sense it in 
substantially  real time, the  respective sampled 

45     sound levels are converted into frequencies cor- 
responding to low frequencies and output, as well 
as predetermined control information; and 
a current and/or voltage controlling section (40,50) 
whererin current and/or voltage stimulus signals are 

so frequency-modulated separately based upon said 
frequencies, said control section (30) and current 
and/or voltage controlling section (40,50) being in- 
cluded in a stimulus signal generating section (10). 

9. Apparatus according to claim 8. wherein said 
55     stimulus signal generating section (10) includes a 

control system selecting section (60) for seitching 
only one of said current and voltage stimulus sig- 

15 
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nals based upon control information derived from 
said control section (30) and for outputting the 
same as the electrical stimulus signal. 

10. Apparatus according to claim 8 or claim 9. 
wherein the current control section (40) includes: 
a waveform generating section (41) for outputting a 
voltage waveform signal corresponding to said 
sound volume levels; and 
a current stimulus signal generating circuit (47) for 
outputting a current stimulus signal having the 
same waveform as that of an input voltage 
waveform signal. 

11. Apparatus according to claim 8. claim 9 or 
claim 10, wherein the voltage control section (50) 
includes: 
a waveform generating section (41) for generating a 
voltage waveform signal having a frequency cor- 
responding to said sound volume levels; and 
a. voltage stimulus signal generating circuit (51) for 
outputting the input voltage waveform signal as a 
voltage stimulus signal. 

12. Apparatus according to any one of claims 8 
to 11, wherein said low frequencies are within a 
region between 0 and 60 Hz. 

13. Apparatus according to any one of claims 8 
to T2, wherein the sampling period is selected to 
be 0.01 to 0.5 seconds. 

14. Apparatus according to any one of claims 8 
to. T3, wherein said control section (30) includes: 
means (92) for subdividing said sound volume lev- 
els into a plurality of level steps; 
a read-only-memory (34) storing a sound volume 
level-to-frequency conversion table; and 
means (32) for reading out from the read-only- 
memory (34) a frequency corresponding to the 
sound volume level at each sampling opeation. 

15. Apparatus according to claim 14, wherein 
said sound volume level is set to a zero level of the 
sound volume level when said sound volume level 
is equal to a zero or lower level. 

16. A method of generating a low frequency 
electrical stimulus signal for applying the signal to 
a biological body, characterized in that, in response 
to a waveform of sound information derived from a 
sound source (16), at least one of current control 
and voltage control is performed to rhythm-modu- 
late said electrical stimulus signal, and said elec- 
trical stimulus signal is arranged to be a low fre- 
quency. . 

17. A method according to claim 16. wherein 
said sound information is detected, only low fre- 
quency information having a frequency lower than 
approximately 200 Hz is derived from said sound 
information when the sound information is present, 
quasi-sound information having arbitrary waveforms 
is generated when no sound information is present. 

and the waveforms of said low frequency inform 
tion and quasi-sound information are utilized to' 
enable said current and voltage to be controlled. { 

18. A method according to claim 16 or claim 
5     17. wherein the intensity of said electrical stimulus 

signal is selectively adjustable. 
19. Low frequency electrical stimulus signal, 

generating apparatus comprising: 
an input section (20) for setting conditions and for. 

io    adjusting the same; and 
a stimulus signal generating section (10), said 
stimulus signal genertaing section including: 
a waveform control section (80) for outputting a 
rhythm-modulated waveform signal by deriving low 

75    frequency sound information from a sound source 
- (16); 

a current control section (40) for generating a cur- 
rent stimulus signal based upon the rhythm-modu- 
lated waveform signal; 

20 a voltage control section (50) for generating a volt- 
age stimulus signal based upon the rhythm-modu- 
lated waveform signal; 
a control system selecting section (60) for output- 
ting at least one of the current stimulus signal and 

25    the voltage stimulus signal as the electrical stimu- 
lus signal; and 
a control section (30) for controlling operation of 
the aforementioned sections (40,50,60,80) .and se- 
lection based upon a signal derived from the input 

30    section (20). 
20. Apparatus according to claim 19, wherein 

said waveform control section (80) includes: 
a comparator (81) for detecting whether or not 
sound information is present; 

35     a low pass filter (82) for filtering low frequency 
sound information only having a frequency lower 
than approximately 200 Hz; 
fa rhythm generator (83) for generating quasi- 
sound information; and 

40 a selection switch (84) for selecting the low fre- 
quency sound information when said sound in- 
formation is input, and said quasi-sound information 
when said sound information is not input 

21. Apparatus according to claim 19 or claim 
45    20. wherein: 

said current control section (40) includes an inten- 
sity setting circuit (46) of said rhythm-modulation 
waveform signal, and a current stimulus signal gen- 
erating circuit (47) for outputting a current stimulus 

so signal having the same waveform as that of a 
waveform input from said intensity setting circuit 
(46); and 
said voltage control section (50) icnludes a voltage 
stimulus generating circuit (51) for outputting a 

55     voltage stimulus signal by adjusting said rhythm- 
modulated waveform signal. 

16 
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22. Apparatus according to claim 19. claim 20 
or claim 21, wherein the intensity of said electrical 
stimulus signal is selectively adjustable. 

23. Low frequency electrical stimulus signal 
generating apparatus comprising a stimulus signal 
generating section (10) which includes: 
a control section (30) in which sound volume levels 
supplied from a sound source (16) are samples at 
a rate at which a biological body senses it in 
substantially real time, each of the sampled volume 
levels is converted into a corresponding amplitude 
control value and the resultant value is output, and 
predetermined control information is output; and 
a current/voltage control section (40,50) for per- 
forming amplitude modulation in response to the 
amplitude control value within a range of 0-to 100% 
of an initial set amplitude value of current and/or 
voltage stimulus signals. 

24. Apparatus according to claim 23. wherein 
the stimulus signal generating section (10) in- 
cludes: 
a control system selecting .section (60) for switch- 
ing only one of said current and voltage stimulus 
signals based upon control information derived 
from said control section (30) and for outputting the 
same as the electrical stimulus signal. 

25. Apparatus according to claim 23 or claim 
24, wherein the current control section (40) in- 
cludes: 
a waveform generating section (41) for outputting a 
voltage waveform having an arbitrary frequency; 
an intensity setting circuit (46) for controlling an 
intensity of said voltage waveform signal by said 
amplitude control value; and 
a current stimulus signal generating circuit (47) for 
outputting a current stimulus signal having the 
same waveform as that of the voltage waveform 
signal input from said intensity setting circuit (46). 

26. Apparatus according to claim 23. claim 24 
or claim 25, wherein said voltage control section 
(50) includes: 
a waveform generating section (41) for outputting a 
voltage waveform signal having an arbitrary 
frquency; and 
a voltage stimulus signal generating circuit (51) for 
controlling an intensity of the input voltage 
waveform signal based upon said amplitude control 
value and for outputting the same as a voltage 
stimulus signal. 

27. Apparatus according to claim 25 or 26, 
wherein said frequency is selected to be from 0 to 
60 Hz. 

28. Apparatus according any one of claims 23 
to 27. characterized in that the sampling operation 
is performed within a time period from 0.01 to 0.5 
seconds. 

29. Apparatus according to any one of claims 
23 to 28, wherein said control section (30) includes: 
means (92) for subdividing the sound volume levels 
into a plurality of level steps; and 

5 means (36) for converting the subdivided levels 
into the corresponding amplitude control values 
and for outputting the converted control values. 

30. Apparatus according to any one of claims 
23 to 29, wherein an electrical stimulus signal hav- 

•70 ing 24 steps is obtained as said amplitude control 
value within a range between 0 and 100% of the 
initial setting intensity. 

31. A method of generating a low frequency 
electrical stimulus signal, characterized in that, to 

75 generate an electrical stimulus signal to be pro- 
vided to a biological body, controt information pre- 
viously stored in a control section (30) is read out 
without using acoustic information from a sound 
source (16) so as to control current and voltage 

20 * stimulus signals, and said current and voltage 
stimulus signals are alternately output as the elec- 
trical stimulus. 

32. A method according to claim 31, wherein 
said control information of the current and voltage 

25 stimulus signals is information which is selected 
from more than one sort of waveform, frequency 
and intensity, and said control information is selec- 
table and variable based upon an external input. 

33. A method according to claim 31 or claim 
30     32, wherein the alternating selection of said current 

and voltage stimulus signals is performed at ran- 
dom. 

34. A method according to claim 33, wherein a 
time interval of said alternating selection of said 

35 current and voltage stimulus signals is set at ran- 
dom within several seconds to several tens of 
seconds. 

35. A method according to any one of claims 
31 to 34, wherein a frequency of said electrical 

40 stimulus signal is selected to be a low frequency 
between 0 and 60 Hz. **' 

36. Low frequency electrical stimulus signal 
generating apparatus comprising an input section 
(20) for setting and adjusting conditions, and a 

45     stimulus signal generating section (10). said stimu- 
lus signal generating section (10) including: 
a control section (30) for previously storing control 
information which is readily accessible; 
a current control section (40) for generating a cur- 

50 rent stimulus signal controlled by said control in- 
formation: 
a voltage control section (50) for generating a volt- 
age stimulus signal controlled by said control in- 
formation; and 

55 a control system selecting section (60) for alter- 
nately switching said current stimulus signal and 

17 
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said voltage stimulus signal based upon said con- 
trol signal so as to output the switched signal as 
the electrical stimulus signal. 

37. Apparatus according to claim 36, wherein 
said control information of the current and voltage 5 
stimulus signals is information which is selected 
from more than one sort of waveform, frequency 
and intensity, and said control information is selec- 
table and variable based upon an external input 

38. Apparatus according to claim 36 or claim io 
37, wherein the alternating selection of said current 
and voltage stimulus signals is performed at ran- 
dom. 

39. Apapratus according to claim 38, wherein a 
time interval of said alternating selection of said is 
current and voltage stimulus signals is set at ran- 
dom within several seconds to several 4ens of 
seconds. 

40. Apparatus according to any one of claims 
36 to 39, wherein a frequency of said electrical 20 
stimulus signal is selected to be a low frequency 
between 0 and 60 Hz. 
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