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57 ABSTRACT 

The present invention relates to a device for diagnosing 
physiological State based on blood pulse waves detected in 
the body. It is the objective of the present invention to 
provide a device which correctly diagnoses the current 
physiological State based on changes in physiological State 
measured over a Specified period of time in the past while 
taking into consideration the cyclical variation exhibited in 
physiological State. In order to realize this objective, the 
device according to the present invention has as its main 
components: blood pulse wave detector 381 and stroke 
volume-per-beat measurer 382 which respectively detect 
blood pulse wave and stroke volume in the body; blood 
pulse wave extraction memory 386 which extracts charac 
teristic information from the detected blood pulse wave; 
memory 383 in which the physiological state calculated 
from the Stroke Volume and this characteristic information is 
stored; output portion 385 which outputs an alarm; and 
microcomputer 387 which controls each part inside the 
device. The microcomputer calculates the circulatory 
parameters based on characteristic information obtained 
from the waveform extraction memory, and Stores the 
parameters in memory at Specified time intervals. At these 
times, microcomputer 387 calculates the circulatory param 
eters from the Stroke Volume per beat and the characteristic 
information of the blood pulse wave at specified time 
intervals, and stores the parameters in memory 383. Further, 
microcomputer 387 reads out from memory 383 the circu 
latory parameters from a specified time interval in the past, 
and calculates the average value and Standard deviation. 
Microcomputer 387 then determines whether or not the 
current circulatory parameters are within a Specified range 
determined by their average value and Standard deviation. 
When the circulatory parameters are determined to be out 
Side this range, microcomputer 387 controls output portion 
385 to Sound an alarm. 
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DEVICE FOR DIAGNOSING 
PHYSIOLOGICAL STATE AND DEVICE FOR 

CONTROLLING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a device for diagnosing an 
organism and controlling the physiological State thereof, the 
devices operating by extracting the physiological State from 
the organism's pulse waves, diagnosing the condition of the 
organism and carrying out control of the physiological State 
thereof after taking into consideration the cyclic fluctuation 
which occurs naturally in the physiological State of that 
organism. 

2. Prior Art 

Blood pressure, heart rate and the like are most typically 
used when diagnosing the condition of the circulatory SyS 
tem in the human body. Emphasis has conventionally been 
placed on Such easily measured indicators as maximum and 
minimum blood pressures, blood pulse rate and the like 
which are obtained from the body, as one type of criterion 
for determining the State of the circulatory System and, in a 
wider Sense, the condition of the organism. However, when 
carrying out a more specific diagnosis, it becomes necessary 
to measure circulatory parameterS Such as the Viscous resis 
tance of the blood vessel, compliance and the like. This will 
be explained further below. 

The pressure waveform and blood flow rate at the proxi 
mal portion of the aorta and at the Site of insertion of a 
catheter into an artery are frequently measured in order to 
measure physiological State indicatorS Such as the circula 
tory parameters. For this purpose, a direct method of 
measurement, in which a catheter is inserted into an artery, 
or an indirect method employing ultrasound waves, may be 
applied. However, in the case of a method employing 
catheter insertion into an artery, it is necessary to Subject the 
organism to an invasive and large device. On the other hand, 
while a method employing ultrasound or the like allows a 
non invasive observation of blood flow inside the blood 
vessels, this method is complicated by the fact that it 
requires training and, moreover, necessitates a large device 
to carry out the measurements. 
AS research on blood pulse waves has progressed, it has 

become clear that a variety of physiological conditions, not 
obtainable from blood pressure values and blood pulse rate 
alone, can be gotten by using a variety of methods to analyze 
blood pulse waveforms obtained from the human body. 
Diagnosis can then be made based on these physiological 
states. A “blood pulse wave” is the blood flow wave which 
is pumped out from the heart and propagates through a blood 
vessel. It is known that various medical information can be 
obtained by detecting and analyzing blood pulse waves. In 
particular, when measuring blood pulse waves at the periph 
ery of an organism's body, the fingertip plethysmogram, the 
blood pulse wave of the radius artery, or the like are 
measured. However, there are a variety of other sites on the 
human body at which the blood pulse wave can be mea 
sured. In addition, there are a variety of forms which a blood 
pulse wave may take, three examples of which are shown in 
FIGS. 1A through 1C. The Ping mai, Hua mai and Xuan mai 
shown respectively in FIGS. 1A through 1C may be cited as 
representative blood pulse waveforms as categorized in 
Chinese medicine, a medical learning which is recognized in 
both the East and the West. “Ping mai” as used here indicates 
the waveform obtained from a healthy subject, with the 
blood pulse wave example shown in FIG. 1A measured in a 
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34 year old male test Subject. AS shown in the figure, a Ping 
mai is relaxed, and exhibits a constant rhythm without 
disruption. The Hua mai, on the other hand, is caused by an 
abnormality in the flow of blood in which the movement of 
the blood through the vessel becomes extremely smooth due 
to a mammary tumor, liver or kidney ailment, respiratory 
ailment, Stomach or intestinal ailment, inflammation, or 
Some other illness. The blood pulse wave shown in FIG. 1B 
is a typical example of a Hua mai, and was taken from a 28 
year old male. AS shown in the figure, the waveform of a 
Hua mai exhibits a sharp, rapid rise, and then falls off 
immediately. The aortic notch is deep, while the peak in the 
Subsequent relaxation period is considerably higher than 
Ping mai. On the other hand, a Xuan mai is caused by an 
increase in the tension in the walls of the blood vessels, and 
is seen in diseases Such as liver and gall ailments, derma 
tological ailments, high blood pressure, and pain ailments. It 
is believed that tension in the autonomic nervous System 
causes the walls of the blood vessels to constrict, decreasing 
elasticity, so that the effect of the blood pulse movement of 
the pumped blood is not readily expressed, causing this 
phenomenon. A typical example of a Xuan mai is shown in 
FIG. 1C and was taken from a 36 year old male. As shown 
in the figure, the waveform of a Xuan mai rises Violently, 
and does not fall off immediately but remains at a high 
preSSure State for a fixed period of time. In the graphs shown 
in FIGS. 1A through 1C, blood pressure (BP) measured in 
mmHG is shown on the vertical axis, while time in Sec is 
displayed-on the horizontal axis. 
AS will be understood from the preceding discussion, by 

analyzing the waveform of the blood pulse wave and Speci 
fying whether the blood pulse wave is, for example, a Ping 
mai, Hua maior Xuan mai, it becomes possible to determine 
the Specific ailment, or provide a diagnosis of the patient's 
condition. It has not been the conventionally practice to 
carry out qualitative evaluations incorporating this point, 
however. 

Further, as will be explained in greater detail below, the 
human body's physiological State fluctuates according to a 
regular rhythm, repeating these rhythms on daily, monthly or 
annual cycles. This characteristic applies as well to the 
various indicators of physiological State which can be 
obtained from the blood pulse wave. Accordingly, if diag 
nosis and control of an organism's physiological State is 
carried out without taking into consideration these cyclic 
fluctuations, then the diagnosis and control of the physi 
ological State are meaningless. However, because a Small 
device able to continuously measure physiological State 
throughout the daily activities of an organism has not been 
available previously, it would seem that these cyclic varia 
tions in physiological State have not been taken into con 
sideration in the diagnostic technology employed until now. 

SUMMARY OF THE INVENTION 

Accordingly, it is the object of the present invention to 
provide the following devices which take into consideration 
the cyclic variation in physiological State: 
1) a diagnostic device which accurately diagnoses the con 

dition of a test Subject based on past changes in physi 
ological State which were measured over a past prespeci 
fied period of time 

2) a diagnostic device which displays a variety of informa 
tion related to an organism using indicators of blood pulse 
wave fluctuation 

3) a control device for drug administration which monitors 
the physiological State and carries out the necessary 
administration of drugs 
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4) a drug emission device which controls an organisms 
internal States of arousal or Sedation by emitting a fra 
grance at an appropriate timing 

5) a doze prevention device which detects a doze State by 
analyzing the alertneSS level in the human body from the 
activity of the blood pulse wave 
In order to meet the above-stated objectives, the first 

aspect of the present invention is characterized in measuring 
cyclically varying indicators of physiological State in an 
organism over a fixed period of time, and diagnosing the 
condition of the organism based on these indicators. Thus, 
the first aspect of the present invention enables a precise 
diagnosis of physiological State which takes into consider 
ation the cyclic fluctuations in physiological State. 
The Second aspect of the present invention is character 

ized in repeatedly calculating indicators of physiological 
State; comparing each indicator calculated with an indicator 
obtained in the past, and outputting the results of the 
comparison. Thus, by means of the Second aspect of the 
present invention, it is possible to confirm changes in the 
physiological State by comparing the current indicator and a 
past indicator. 

The third aspect of the present invention is characterized 
in the provision of a measuring means, a recording means 
and a control means, wherein: 

the measuring means measures indicators of physiologi 
cal State at a plurality of times every day; and 

the control means records indicators of physiological State 
in the recording means at the plurality of times, deter 
mines based on the Stored data in the recording means 
whether or not the current indicator is within the range 
of values displayed by the indicator at the same time of 
the day over a past fixed period of time, and provides 
notification of the results of this determination. 

Thus, in the forth aspect of the present invention, Since it 
is possible to confirm whether or not the current indicator is 
within the range of fluctuation displayed by that indicator 
over a past fixed period of time, it is possible to provide 
notification when the physical condition on the current day 
has changed from the physical condition over the recent past 
Several days. In other words, when the current indicator is 
within the established range of fluctuation, So that the user 
is notified that his physical condition is good, a Sense of 
psychological reassurance is provided, making this an indi 
cator of quality of life (QOL). On the other hand, when the 
user is notified that the current indicator is outside the past 
range of fluctuation, then the user is made aware that his 
condition is not normal. 

The forth aspect of the present invention is provided with 
a measuring means, recording means, and control means, 
wherein: 

the measuring means measures indicators of physiologi 
cal State at a plurality of times every day; and 

the control means Stores indicators of physiological State 
in the recording means at the plurality of times, and 
provides notification of the deviation in the current 
indicator from a Standard indicator calculated from 
indicators measured at the same time of the day over an 
past fixed period of time. 

Thus, as a result of the fourth aspect of the present 
invention, it is possible for the user to accurately know the 
conditions in his body on the current day. 

The fifth aspect of the present invention is characterized 
in the provision of a measuring means, a recording means 
and a control means, wherein: 

the measuring means measures indicators of physiologi 
cal State at a plurality of times during the day; and 
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4 
the control means Stores these physiological State indica 

tors in the recording means at the plurality of times 
during the day, determines the mode of change in each 
of the indicators calculated on the present day and 
Stores this data in the recording means, determines 
based on the data Stored in the recording means 
whether or not the mode of change in the current 
indicator is in accordance with the mode of change in 
the indicator measured at the same time of the day 
during a past fixed period of time, and provides noti 
fication of the results of this determination. 

The Sixth aspect of the present invention is characterized 
in the provision of a measuring means, a recording means 
and a control means, wherein: 

the measuring means measures indicators of physiologi 
cal State at a plurality of times during the day; and 

the control means Stores these physiological State indica 
tors in the recording means at the plurality of times 
during the day, obtains based on each indicator calcu 
lated on the present day the time at which the indicator 
takes on a large value and Stores this data in the 
recording means, determines based on the data Stored 
in the recording means whether or not the mode of 
change in the current indicator is in line with the change 
in the indicator measured at that same time of the day 
during a past fixed period of time, and provides noti 
fication of the results of this determination. 

The Seventh aspect of the present invention is character 
ized in the provision of a measuring means, a recording 
means and a control means, wherein: 

the measuring means measures indicators of the physi 
ological State of the organism at a plurality of times 
during the day, and 

the control means Stores these physiological State indica 
tors in the recording means at the plurality of times 
during the day, obtains based on each of the indicators 
calculated on the present day the time at which the 
indicator takes on a Small value and Stores this data in 
the recording means, determines based on the data 
Stored in the recording means whether or not the mode 
of change in the current indicator is in line with the 
change in the indicator measured at the same time of 
the day over a past fixed period of time; and provides 
notification of the results of this determination. 

Thus, in the above-described sixth and seventh aspects of 
the present invention, a warning is provided when the rise or 
fall in a physiological State indicator is not in line with past 
variation in that indicator, making it possible to catch an 
abnormal or unnatural variation in physiological State. 
Further, conversely, Since the user is also notified of the good 
physiological condition when the variation in the indicator is 
in line with past fluctuation, the user obtains a Sense of 
psychological reassurance concerning his physical State. AS 
a result, the indicator can Serve as an indicator of the user's 
degree of quality-of-life. 
The eighth aspect of the present invention is characterized 

in the provision of a measuring means, a recording means, 
a first control means, a calculating means, a Second control 
means, and a notifying means, wherein 

the measuring means measures an indicator showing the 
physiological State in the organism; 

the recording means Stores the physiological State indi 
Cator, 

the first control means uptakes the physiological State 
indicator measured by the measuring means over a 
fixed period of time and Stores the indicator in the 
recording means, 
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the calculating means, upon direction by the user, extracts 
the indicator Stored in the recording means, carries out 
prespecified calculations, and output the results of this 
calculation; 

the Second control means uptakes the indicator upon 
direction by the user from the measuring means, and 

the notifying means provides notification of the calculated 
results and the indicator at the time of the user's 
direction. 

Thus, as a result of the eighth aspect of the present 
invention, it is possible for the user to obtain information 
relating to his physical condition at any time. 

The ninth aspect of the present invention is characterized 
in the provision of a measuring means, a recording means, 
a first control means, a calculating means, a Second control 
means, and a notifying means, wherein: 

the measuring means measures an indicator showing 
physiological State; 

the recording means Stores the physiological State indi 
CatOr, 

the first control means uptakes the physiological State 
indicators measured by the measuring means over a 
fixed period of time and Stores the indicators in the 
recording means, 

the calculating means, upon direction by the user, extracts 
indicators measured over a past prespecified number of 
days from the recording means, and obtains the maxi 
mum value from among these past indicators, 

the Second control means uptakes the indicator upon 
direction by the user from the measuring means, com 
pares this indicator to the aforementioned maximum 
value indicator, and determines that an abnormal State 
is present when the indicator at the time of direction by 
the user is larger than the aforementioned maximum 
value, or determines that an abnormal State is not 
present when the value of the indicator at the time of 
direction by the user is not larger than the aforemen 
tioned maximum value; and 

the notifying means provides notification of the results for 
the determination of the presence or absence of an 
abnormal State. 

The tenth aspect of the present invention is characterized 
in the provision of a measuring means, a recording means, 
a first control means, a calculating means, a Second control 
means, and a notifying means, wherein: 

the measuring means measures an indicator showing the 
physiological State; 

the recording means Stores the physiological State indi 
cator; the first control means uptakes physiological 
State indicators measured by the measuring means over 
a fixed period of time, and Stores the indicators in the 
recording means, 

the calculating means, upon direction by the user, extracts 
indicators measured over a past prespecified number of 
days from the recording means, and obtains the mini 
mum value from among these past indicators, 

the Second control means uptakes the indicator at the time 
of direction by the user from the measuring means, 
compares this indicator to the aforementioned mini 
mum value, and determines that an abnormal State is 
present when the value of the indicator at the time of 
direction by the user is Smaller than the aforementioned 
minimum value, or determines that an abnormal State is 
not present when the value of the indicator at the time 
of direction by the user is not smaller than the afore 
mentioned minimum value; and 
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6 
the notifying means provides notification of the results for 

the determination of the presence or absence of an 
abnormal State. 

The above-described ninth and tenth aspects of the 
present invention provide a warning to the user when his 
physical condition deviates noticeably from his physical 
condition over a recent period of time. Further, when a 
determination is made that there is no abnormal State 
present, the user is informed that his physical condition is 
fine, providing him with a Sense of psychological reas.Sur 
ance. Accordingly, this can Serve an indicator of the level of 
the user's quality-of-life. 
The eleventh aspect of the invention is characterized in 

the provision of a measuring means, a body movement 
detection means, a recording means, a first control means, a 
calculating means, a Second control means, and a notifying 
means, wherein 

the measuring means measures an indicator showing the 
physiological State; 

the body movement detection means detectS movement of 
the organism's body; 

the recording means Stores the physiological State indi 
cator and the value measured by the body movement 
detection means, 

the first control means uptakes physiological State indi 
cators from the measurement means and the measured 
values of the body movement detection means over a 
fixed period of time, and Stores these together in the 
recording means, 

the calculating means, upon direction by the user, up takes 
the current value of the organism's body movement 
measured by the body movement detection means, 
Selects from among the values measured by the body 
detection means Stored in the recording means the 
value closest to the current value for body movement, 
and reads out and outputs the indicator that was Stored 
together with the Selected measured value in the record 
ing means, 

the Second control means uptakes the indicator upon 
direction by the user from the measuring means, and 

the notifying means provides notification of the indicator 
output by the calculating means and the indicator 
uptaken by the Second control means at the time of 
direction by the user. 

Thus, as a result of the eleventh aspect of the present 
invention, in the case where the user is carrying out Sports 
training or the like which affects physiological 
measurements, it is possible to display an indicator which is 
appropriate to the activity of the user by referencing past 
data for a similar activity. 
The twelfth aspect of the present invention is character 

ized in measuring cyclically fluctuating physiological State 
indicators in the body over a fixed period of time, analyzing 
the State of the organism based on these indicators, and 
controlling the physiological State in accordance with the 
results of this analysis So as to affect a desirable State in the 
organism. 

Thus, by means of the twelfth aspect of the present 
invention, it is possible to accurately obtain the condition of 
the organism by taking into consideration the cyclic fluc 
tuation in the organism's physiological State. As a result, it 
becomes possible to more accurately carry out control of 
various types of physiological States in order to affect a 
desired condition therein. 
The thirteenth aspect of the present invention is charac 

terized in the provision of a measuring means, an infusing 
means, and a drug administration control means, wherein: 
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the measuring means measures physiological State indi 
cators related to arousal or Sedation in a patient; 

the infusing means administers a drug to the patient; and 
the drug administration control means issues a directive to 

the infusing means for drug administration when the 
physiological State indicators Satisfy Specific condi 
tions. 

Thus, by means of the thirteenth aspect of the present 
invention, the circulatory conditions in a patient can be 
Stabilized by monitoring the condition of the patient and 
automatically administering a drug as necessary. As a result, 
it is possible to freely control the arousal/Sedation State of a 
patient to affect a desirable condition. 

The fourteen aspect of the present invention is character 
ized in the provision of a measuring means, a recording 
means, a control means, and an infusing means, wherein: 

the measuring means measures physiological State indi 
CatOrS, 

the recording means Stores the indicators measured up 
until the current point in time; 

the control means determines when a drug is to be infused 
based on the fluctuations displayed in the rhythm of the 
indicator over a past prespecified period of time, and 
outputs a drug infusion directive at the determined 
time, and 

the infusing means infuses the drug in accordance with 
the drug infusion directive. 

Thus, by means of the fourteenth aspect of the present 
invention, Since the time of drug infusion is determined 
based on the fluctuating rhythm of the physiological State, it 
is possible to automatically carry out the promotion or 
Suppression of arousal or Sedation States with the appropriate 
timing. 

The fifteen aspect of the present invention is characterized 
in the provision of a measuring means, a recording means, 
a control means, and a drug infusing means, wherein: 

the measuring means measures physiological State indi 
CatOrS, 

the recording means Stores the indicators measured up 
until the current point in time; 

the control means outputs a drug infusion directive based 
on the current physiological State indicator and on the 
fluctuating rhythm of the indicator over a past prespeci 
fied period of time; and 

the infusing means infuses a drug in accordance with the 
drug infusion directive. 

Thus, by means of the fifteenth aspect of the present 
invention, Since drug infusion is controlled based on the 
current physiological State and the fluctuating rhythm of the 
physiological State in the past, it is possible to carry out drug 
infusion So as to induce a variation in the rhythm of the 
physiological State in line with the waveform for a constant 
rhythmic fluctuation. 

The Sixteen aspect of the present invention is character 
ized in the provision of a measuring means, a control means, 
and a notifying means, wherein: 

the measuring means measures physiological State indi 
CatOrS, 

the control means determines the user's doze State by 
comparing the physiological State indicator with a 
predetermined Standard value, and outputs a warning 
indicator when a doze State is detected; and 

the notifying means warns the user based on the warning 
indicator output from the control means. 

Thus, as a result of the Sixteenth aspect of the present 
invention, the doze State of a user can be detected with a 
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8 
device employing a relatively simple method, while the 
device may be incorporated into a portable item which the 
user can freely carry around at all times. 
The Seventeenth aspect of the present invention is char 

acterized in the provision of a measuring means, a recording 
means, a calculating means, a control means, and a notifying 
means, wherein: 

the measuring means measures a physiological State indi 
Cator, 

the recording means Stores the indicators measured over 
fixed period of time; 

the calculating means reads out the indicators showing 
physiological State over a past prespecified period of 
time from the recording means, and calculates the 
moving average of these indicators, 

the control means determines the user's doze State by 
comparing the moving average of the indicators with a 
predetermined Standard value, and outputs a warning 
indicator when a doze State is detected; and 

the notifying means warns the user based on the warning 
indicator output from the control means. 

Thus, as a result of the Seventeenth aspect of the present 
invention, it is possible to detect a doze State while taking 
into consideration the fluctuating rhythms in physiological 
State, So that the probability of misdetection is reduced. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A is a waveform diagram of a Ping mai, a typical 
blood pulse waveform. 

FIG. 1B is a waveform diagram of a Hua mai, a typical 
blood pulse waveform. 

FIG. 1C is a waveform diagram of a Xuan mai, a typical 
blood pulse waveform. 

FIG. 2 is a diagram disclosing the occurrence of Sudden 
death. 

FIG. 3 is a diagram disclosing of the occurrence of acute 
myocardial infarction. 

FIG. 4 is a diagram showing the arrangement for carrying 
out measurements in an experiment measuring cyclic fluc 
tuations in physiological State. 

FIG. 5 is a diagram showing the schedule for the afore 
mentioned experiment. 

FIGS. 6A-6D are diagram showing the fluctuations in 
circulatory parameters over one day. 

FIG. 7 is a spectral diagram of the fluctuations in the 
waveforms of the circulatory parameters over one day. 

FIGS. 8A-8D are diagram showing the fundamental wave 
Spectrum of the fluctuations in waveforms of the circulatory 
parameters over one day. 

FIGS. 9A-9D are diagram showing the fluctuation in 
circulatory parameters over one day. 

FIGS. 10A-10D are diagram showing the fluctuation in 
circulatory parameters over one year 

FIG. 11 is a diagram showing the results of a frequency 
analysis of resistance Rc in blood vessels at the center of the 
circulatory System. 

FIG. 12A is a diagram showing the fluctuation in the 
Second harmonic phase of the blood pulse wave over one 
day. 
FIG.12B is a diagram showing the fluctuation in the third 

harmonic phase of the blood pulse wave over one day. 
FIG. 12C is a diagram showing the fluctuation in the 

fourth harmonic phase of the blood pulse wave over one day. 
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FIG. 13A is a diagram showing the fluctuation in the third 
harmonic amplitude of the blood pulse wave over one day. 

FIG. 13B is a diagram showing the fluctuation in a 
normalized third harmonic amplitude of the blood pulse 
wave over one day. 

FIG. 14A is a plan view of a first blood pulse wave sensor 
employing a distortion gauge. 

FIG. 14B is a plan view of a second blood pulse wave 
Sensor employing a distortion gauge. 

FIG. 15 is a plan view of a third blood pulse wave sensor 
employing a distortion gauge. 

FIG. 16 is a plan view of a modification of the blood pulse 
wave Sensor employing a distortion gauge. 

FIG. 17 is a diagram showing a arrangement in which a 
blood pulse wave Sensor is attached to a rubber Surgical 
glove. 

FIG. 18 is a plan view of another modification of a blood 
pulse wave Sensor employing a distortion gauge. 

FIG. 19 is a block chart of a blood pulse wave detector 
employing a distortion gauge. 

FIG. 20 is a block chart of a blood pulse wave detector 
employing the blood pulse wave sensor shown in FIG. 17. 

FIG. 21 is a circuit diagram for photoelectric blood pulse 
wave sensor 31. 

FIG. 22A is a diagram showing the drive timing of the 
blood pulse wave Sensor and the pressure detection Sensor. 

FIG. 22B is a diagram showing another example of the 
drive timing of the blood pulse wave Sensor and the pressure 
detection Sensor. 

FIG. 23 is a perspective view of a wrist watch in an 
embodiment in which a pressure-type blood pulse wave 
detector is incorporated into a wrist watch. 

FIG. 24 is a perspective view of a wrist watch in an 
embodiment in which a pressure-type blood pulse wave 
detector is incorporated into a wrist watch. 

FIG. 25 is a sectional view showing the detailed structure 
of the wrist watch shown in FIG. 24. 

FIG. 26 is a diagram Showing the case where a photo 
electric blood pulse wave Sensor is incorporated into a 
necklace. 

FIG. 27 is a diagram showing an embodiment in which a 
photoelectric blood pulse wave Sensor is incorporated into a 
necklace, and a fragrance jet hole is provided. 

FIG. 28 is a diagram showing an embodiment in which a 
photoelectric blood pulse wave Sensor is incorporated into a 
necklace, and tube for administering a drug is provided. 

FIG. 29 is a diagram of the case where a photoelectric 
blood pulse wave Sensor is incorporated into a pair of 
eyeglasses. 

FIG. 30 is a diagram of an embodiment in which a 
photoelectric blood pulse wave Sensor is incorporated into a 
pair of eyeglasses, and a fragrance jet hole is provided. 

FIG. 31 is a diagram of an embodiment in which a 
photoelectric blood pulse wave Sensor is incorporated into a 
pair of eyeglasses, and a tube for administering a drug is 
provided. 

FIG. 32 is a diagram of an embodiment in which the 
photoelectric blood pulse wave Sensor is incorporated into a 
wrist watch, with the photoelectric blood pulse wave sensor 
attached to the base of the finger. 

FIG. 33 is a plan view showing in greater detail the 
structure of the wrist watch in the embodiment shown in 
FIG. 32. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
FIG. 34 is a diagram of an embodiment in which a 

photoelectric blood pulse wave Sensor is incorporated into a 
wrist watch, with the photoelectric blood pulse wave sensor 
attached to the fingertip. 

FIG. 35A is a perspective view showing a partial section 
of the structure of pressure sensor 130. 

FIG. 35B is a see-through perspective view showing the 
structure of pressure sensor 130. 

FIG. 36 is a Section diagram of a principal component of 
the present invention, in which the area of joining between 
elastic rubber 131 and semiconductor Substrate 132 in 
preSSure Sensor 130 is enlarged. 

FIG. 37 is a circuit diagram showing the structure of bias 
circuit 139 provided to pressure sensor 130. 

FIGS. 38A to D are all timing diagrams showing 
examples of the timing of the Supply of control Signal T to 
bias circuit 139. 

FIGS. 38E to F are diagrams showing the waveform of a 
fixed current blood pulse from bias circuit 139. 

FIG. 39 is a simplified perspective view diagram provided 
to explain the principle of coordinate detection using pres 
Sure sensor 130. 

FIG. 40 is a Section diagram of a principal component of 
the present invention provided to explain the principle of 
blood pulse wave detection using pressure Sensor 130. 

FIG. 41 is a perspective view showing the external 
structure of wrist watch 146 which incorporates a device 
employing pressure Sensor 130. 

FIG. 42A is a perspective view showing the state of 
attachment of wrist watch 146. 

FIG. 42B is a section view showing the state of attach 
ment of wrist watch 146. 

FIGS. 43A and B are perspective views showing modified 
structures of pressure sensor 130. 

FIG. 44A is a plan view showing another example of 
pressure sensor 130. 

FIG. 44B is an enlarged section view of a principal 
component of the present invention showing the Structure of 
the area of joining between elastic rubber 131 and Semicon 
ductor Substrate 132 in the same example. 

FIG. 45 is a perspective view showing a partial section of 
the another example of the structure of pressure sensor 130. 

FIG. 46 is a perspective view showing a partial Section of 
the Still another example of the Structure of pressure Sensor 
130. 

FIG. 47 is a diagram showing another embodiment for 
measuring blood pulse waves. 

FIG. 48 is a diagram explaining the contraction period 
area method employed to measure the Stroke Volume per 
beat. 

FIG. 49 is a diagram showing the arrangement for mea 
Suring Stroke Volume per beat and detecting the blood pulse 
WWC. 

FIG. 50 is a diagram showing another arrangement for 
measuring Stroke Volume per beat and detecting the blood 
pulse wave. 

FIG. 51 is a perspective view of an embodiment in which 
the Structural components of the device, excluding the 
Sensor, are housed inside a wrist watch, while the Sensor is 
attached externally to the wrist watch band. 

FIG. 52 is a perspective view of an embodiment in which 
the Structural components of the device, excluding the 
Sensor, are housed inside a wrist watch, and the Sensor is 
attached to the base of the finger. 
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