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(Machine transiated text)

Title: Biological information Measurement Apparatus

Abstract: PROBLEM TO BE SOLVED: To provide a biological information

measurement apparatus having a wrist—fitting shape which is fixed to the wrist

credibly and stably and assures contact between the skin and a pulse wave

sensor. ;SOLUTlON: The biological information measurement apparatus 10 has a

wristwatch shape and is used for measuring pulse wave by arranging an enclosure
100 on the wrist of a user. A bottom face of the enclosure 100 is formed in a

concave surface. A sensor window 11 is formed on a part of the concave surface on

the bottom face of the enclosure so that the window projects compared to its

surroundings, and the pulse wave sensor is arranged within the sensor window.

Description:

Provided is a biological information measuring device that can be fixed to a wrist in

a stable state with a shape that fits a wrist, and that can reliably contact a pulse

wave sensor and a skin. The present invention reiates to a wristwatch—type

biological information measuring apparatus 10 that measures a puise wave by

attaching a casing 100 to a user’s wrist, and the bottom surface of the casing 100

has a concave shape. The sensor window 11 is provided in a part of the concave

surface of the lower surface so as to protrude from the peripheral portion, and the

pulse wave sensor is installed inside the sensor window. .The

biological information measuring device

[0001] The present invention relates to a biologicai information measuring device

that measures biological information such as the main pulse and attached to a
user‘s wrist.

Conventionaily, as an apparatus for measuring biological information such as a

pulse wave by wearing it on a wrist like a wristwatch, there is a main body

integrated type in which a pulse wave sensor is arranged on the back side of the

main body. in such a biologicai information measuring device, a device for

improving the contact state with the user’s wrist by arranging a non-pianar convex

translucent plate on the surface of the pulse wave sensor has been devised

(Japanese Patent No. 3722203). —Patent Document 1).

[0003} On the other hand, conventionally, it is said that the palm part is more

sensitive to pulse wave measurement than the wrist part, and the pulse wave

sensor part is attached to a finger or the like, and is connected to a body attached in

a wristwatch shape with a cable or the like. An information measuring device is aiso
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known {japanese Patent No. 3554085~Patent Document 2, japanese Patent No.

3535916—Patent Document 3, Japanese Patent No. 335917—Patent Document 4).

However, in the sensonbody integrated biological information measuring device,

when the pulse wave is measured with the wrist by the pulse wave sensor arranged

on the back side of the body housing, the pulse wave sensor is not used because

the shape of the human wrist is not flat. There is a problem that it is difficult to
stabilize the contact state between the skin and the wrist.

[0005] Further, in a biological information measuring apparatus that performs

measurement with a human palm for improving accuracy, a connector pin of a

cable that transmits a measurement signal from a pulse wave sensor is inserted

into a pin jack on the main body side. There has been a problem that the shape of

the biological information measuring device becomes thick due to the thickness of
the connector.

[0006} Furthermore, pulse wave measurement with the wrist and pulse wave

measurement with the palm have different preference or measurement

characteristics depending on the user, and if only one of them can be used, the user

is dissatisfied or the measurement accuracy cannot be ensured. There was a

problem that was inevitable.

Patent No. 3722203 JP Patent No. 3554085 Publication No. 3535916 discloses No.
3535917 discloses

[0007] The present invention has been made in view of the problems of the prior art

described above, in the shape to fit the wrist of the user It is an object of the present

invention to provide a biological information measuring apparatus that can be

stably mounted, can reliably contact the pulse wave sensor and the skin of the

apparatus mounting site, and can accurately measure biological information.

[0008} Another object of the present invention is to provide a biological information

measuring apparatus having a thin shape and good wearabiiity.

[0009} The present invention can further cope with a user who is dissatisfied with

either wrist measurement or finger measurement by adopting a structure capable

of easily switching between wrist measurement and palm measurement of the

pulse wave. it is an object of the present invention to provide a biological

information measuring apparatus that can perform measurement with higher

accuracy as a whole by using both wrist measurement and palm measurement

together.

[0010] One feature of the present invention is a wristwatch—type biological

information measuring apparatus that measures a pulse wave by attaching a

casing to a user’s wrist, wherein the casing has a concave bottom surface, and the
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casing has a concave shape. in the biological information measuring device, a

sensor window is provided in a part of the concave surface of the lower surface of

the sensor window so as to protrude from the peripheral portion, and a pulse wave
sensor is installed inside the sensor window.

[0011} in the biological information measuring device of the above invention, the

concave surface of the lower surface of the housing can be an analytical curved
surface.

[0012] Further, in the biological information measuring device of the above

invention, the concave surface of the lower surface of the housing can be a

cylindrical concave surface.

[0013} Further, in the biological information measuring device of the above

invention, the concave surface of the lower surface of the housing can be a conical
concave surface.

[00143 In the biological information measuring apparatus of the above invention,

the concave surface of the lower surface of the housing can be an elliptical concave
surface.

[0015] In the biologicai information measuring apparatus of the above invention,

the convex top of the sensor window can be a flat surface.

[0016] in the biological information measuring device of the above invention, the

height of the convex top portion of the sensor window can be set to a height that

does not protrude outward from the lower surface of the housing.

[0017] in the biological information measuring device of the above invention. the

sensor window may be configured by a flat surface that can be filled with a part of

the concave surface of the lower surface of the housing.

[@018] Further, in the bioiogical information measuring apparatus according to the

above invention, the sensor window can be provided at a position shifted in a

bending direction from the position of the curved center line on the lower surface of

the housing.

[0019] in the biological information measuring device of the above invention, the

wrist-worn belt connected to the two opposite side surfaces of the casing and the

center position on the side surface of the casing where the belt is not connected are

shifted. And a connector for connecting a signal cable for transmitting a pulse wave

signal from an external pulse wave sensor.

[0020] in the biological information measuring apparatus according to the invention,
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the pulse wave signal from the external pulse wave sensor is prioritized when the

signal cable is connected to the connector, and the signal cable is connected to the

connector. When there is not, an input pulse wave signal switching means for

switching a pulse wave signal to be used so as to give priority to the pulse wave

signal from the pulse wave sensor built in the housing can be provided.

[0021] The biological information measuring apparatus according to the present

invention may further include a gain adjusting unit that adjusts an ampiification

factor according to the input pulse wave signal selected by the input pulse wave

switching unit.

[0022} Further, in the biological information measuring device of the above

invention, the sensor window may be provided at a position closer to the connector

than a center point on the lower surface of the housing.

[0023] Another feature of the present invention is a wristwatch-type biological

information measuring apparatus that measures a pulse wave by attaching the

casing to a user‘s wrist, and includes a first pulse wave installed on the lower

surface of the casing. A sensor, a second pulse wave sensor connected to a

connector provided in the housing via a signal cable, a measurement signal of the

first pulse wave sensor, and a measurement signal of the second pulse wave sensor;

Among the measurement stability determination means for determining whether

the measurement stability is good or not, and the measurement stability

determination means among the first pulse wave sensor and the second pulse wave

sensor. The biological information measuring apparatus includes an analysis unit

that performs puise wave detection using a measurement signal from a pulse wave

sensor that outputs the determined measurement signal.

[0024] According to the present invention, since the bottom surface of the housing

is concave to fit the wrist and the pulse wave sensor is convex, the biological

information measuring device can be stably fixed to the user‘s wrist. in addition, the

contact state between the pulse wave sensor and the skin can be ensured, the

pulse wave can be measured reliably, the casing can be made thin, and the

wearability can be improved.

[0025] Further, according to the present invention, it is possible to cope with a user

who is dissatisfied with either wrist measurement or finger measurement by

adopting a structure capable of easily switching between pulse wave wrist

measurement and palm measurement. By using both wrist measurement and palm

measurement of the pulse wave, it is possible to improve accuracy as a whole as

compared with the case of using only one of them.

Hereinafter, embodiments of the present invention will be described in detail with

reference to the drawings.
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(First Embodiment) FlG. 1 shows a functional configuration of a biologicai

information measuring apparatus 10 according to a first embodiment of the present

invention, and HG. 2 shows its appearance

As shown in FIG. 2, the biological information measuring apparatus 10 of the

present embodiment is used by attaching it to a wrist of a user like a wristwatch,

and is attached to each of two opposing side surfaces of the housing 100. A belt 101

is connected, an information display unit 19 is provided on the top surface of the

housing 100, and an operation unit 20 for mode switching operation and backiight

lighting operation is provided. in the case of the present embodiment, the lower

surface of the housing 100 is formed in a concave shape in which the belt center

line direction is a curved direction. A main body—integrated first pulse wave

measurement unit 11 is installed on the lower surface side of the casing 100 which

is a concave surface. in addition, the connector 110 for connecting the signal cable

12A for transmitting the signal of the external second pulse wave measurement

unit 12 is a side surface that is 90 degrees away from the beit connection surface,

and the side surface 102 that comes to the user‘s hand side in a normal wearing
state. it is installed.

As shown in FIG. 1, the biological information measuring device 10 of the present

embodiment is installed on the lower surface of the housing 100, and a first pulse

wave measuring unit 11 that measures pulse waves, and the biological information

measuring device. 10 is connected to the outside with a cable 12A, for example, the

second pulse wave measurement unit 12 that measures the puise wave on the

finger pad surface by wrapping it around a finger, and the presence or absence of

connection between the second pulse wave measurement unit 12 or the

measurement state And a pulse wave switching unit 13 for seiecting one of the first

pulse wave measurement unit 11 and the second pulse wave measurement unit 12

for pulse wave measurement, and an amplifier for ampiifying and filtering the

measured pulse wave waveform The filter unit 14, the gain adjusting unit 15 that

adjusts the amplification factor of the amplifier / filter unit 14 according to the

measurement state, the static acceleration due to the dynamic acceleration

generated by the movement of the user's wrist and the gravitational acceleration

accompanying the posture. Measurement to detect both dynamic acceleration Unit

16, A l D conversion unit 17 for A / D converting the output of first pulse wave

measurement unit 11 or second pulse wave measurement unit 12 and the output of

acceleration measurement unit 16, and A / D conversion unit 17 capture An anaiysis

unit 18 for analyzing the data, a data storage unit 19 for storing the result of

analysis by the analysis unit 18, a display unit 20 for displaying the measurement

state, time, status, etc., mode switching operation and display unit 20 An operation

unit 21 for performing operation such as turning on a backlight, an operation

frequency switching unit 22 for switching an operation frequency according to a

mode, and communication for transmitting data stored in the data storage unit 19
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to an external terminal. Unit 23, a battery 24 that supplies power to the entire

biological information measuring apparatus 10, a battery voltage monitoring unit

25 that monitors the voltage of the battery 24, and a control unit 26 that controls
the entire function.

[0030} The operation unit 21 is a push switch that allows a user to operate mode

switching such as a time mode and a measurement mode, and to give a backlight

lighting instruction. The display unit 20 is a display device that displays time, pulse

rate. pulse wave measurement state, battery, memory. communication state, and

sleep time as a result, and is configured by an LCD. The data storage unit 19 uses a

flash memory, and stores measurement data such as sleep time history, pulse

interval data, and body movement data as measurement results.

The acceleration measuring unit 16 is for detecting body movement, and is, for

example, an acceleration sensor that measures acceleration of ~26 to ZG in three

axis directions, and is mounted in the biological information measuring apparatus

main body 10.

[00323 The first pulse wave measurement unit 11 and the second pulse wave

measurement unit 12, which will be described in detail later, are composed of a

green LED and a photodiode (PD), which irradiates light on the skin surface of the

wrist, fingers, or palm, thereby reducing the capillary. The pulse wave is measured

by capturing the fluctuation of reflected light that changes due to the change in

blood flow in the blood vessel with a photodiode. The amplifier / filter unit 14

converts the output current from the photodiode of the first pulse wave

measurement unit 11 or the second pulse wave measurement unit 12 into a voltage

by the current-voltage conversion unit, amplifies the voltage by the amplifier. and a

high-pass filter. (For example, cut-off frequency: 0.1 Hz) and a low-pass filter (for

example, cut~off frequency: 50 Hz), and then output to the A/ D converter 17. The A

/ D conversion unit 17 performs 10—bit A / D conversion on the input from the

amplifier / filter unit 14 to convert it into a digital quantity and inputs it to the

control unit 26, The gain adjusting unit 15 calculates the amplitude of the pulse

waveform input to the control unit 26, and controls the amplification factor of the

amplifier / filter unit 14 based on the relationship between the amplitude and the
set threshold value.

The analysis unit 18 performs body movement amount detection based on the

triaxial acceleration waveform input to the control unit 26 after being measured by

the acceleration measurement unit 16 and A / D converted by the A / D conversion

unit 17. . Further, as the awakening / sleep determination at the end of the

measurement, it is determined whether or not the subject is awake based on the

body movement data, and the sleep time is calculated. Further, the analysis unit 18

performs measurement with the first pulse wave measurement unit 11 or the

second pulse wave measurement unit 12, performs A / D conversion with the A/ D
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conversion unit 17 via the amplifier / filter unit 14, and inputs the result to the

control unit 26. The pulse wave interval data is detected for the pulse wave
waveform thus obtained.

[0034] Further, the analysis unit 18 obtains the amount of body movement from the

acceleration data in the three—axis directions acquired from the acceleration

measurement unit 16, further performs awakening / sleep determination based on

the amount of body motion, and based on the result of the awakening / sleep

determination, After the start of measurement, the time at which the transition

from awakening to sleep is detected as the sleep onset time, and the time at which

the transition from the awakening to sleep after going back to the end of the

measurement is detected as the awakening time.

Further, the analysis unit 18 samples pulse wave data from the pulse wave

measured by the first pulse wave measurement unit 11 or the second pulse wave

measurement unit 12, and acquires pulse interval data from the series of pulse

wave data. And stored in the data storage unit 19,

The communication unit 16 is a part that performs data communication with a

personal computer, a PDA terminal, a mobile phone, or the like. If the device 10

measures and accumulates data for sleeping on multiple days and the free space in

the data storage unit 19 decreases, for example, the USB port of the personal

computer is connected to the USB port of the personal computer using the USB

cable. By connecting, data is saved in a hard disk on a personal computer in a

format that can be analyzed with the specified analysis software, and analyzed with

the analysis software.

[0037} The power supply of the biological information measuring apparatus 10 of

the present embodiment is always ON, and when the biological measurement is not

performed, the internal clock is greatly reduced to reduce power consumption, and

only the time display is performed as in a normal wristwatch. Do. When performing

biometric measurement, the operation unit 21 switches the mode to the biometric

measurement mode. in addition, the sleep time display and the like are displayed

by setting the result mode. The communication mode is switched by connecting a

USB cable to the communication unit 23 and connecting to an external device via

USB. Since charging is performed using the power line of the USB cable, charging is

performed simultaneously in the communication mode.

[0038} Modes that can be set by the operation unit 21 include a time mode, a

biological measurement mode, and a result display mode. The display information

of the display unit 20 includes date, pulse rate, time, pulse wave level meter,

memory accumulation amount, battery remaining amount, communication display

as each status, and a heart symbol blinking in synchronization with the pulse. .
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The battery voltage monitoring unit 25 monitors the power supply voltage from the

capacity—voltage characteristics of the battery 24 to obtain and display the

remaining battery level.

[0040] As described above, the first pulse wave measurement unit 11 and the

second pulse wave measurement unit 12 use a photoelectric pulse wave sensor

configured by a combination of a light emitting diode (LED) and a photodiode (PD).

ing. in this photoelectric pulse wave sensor, a pulse wave is detected by irradiating

the inside of the skin with light from an LED and capturing the intensity of reflected

light that changes with blood flow change by PD by the light absorption

characteristics of hemoglobin.

[0041] The first pulse wave measurement unit 11 is disposed on the lower surface

of the casing of the biological information measurement device 10, but it is

necessary to make a firm contact with the skin in order to measure the pulse wave

accurately and stably. if the shape of the lower surface of the apparatus housing is

flat, the human wrist is not flat, and the contact state of the pulse wave sensor with

the skin is not stable. Therefore, in the biological information measuring apparatus

10 of the present embodiment, as shown in detail in HQ 2, the shape of the lower

surface of the apparatus housing is made concave so that the contact state with the

skin can be maintained well overall. . However, since a space may be generated

between the skin and the first pulse wave measurement unit 11 simply by making it

concave, a transparent window composed of a convex curved surface and a plane is

installed near the center, The first pulse wave measurement unit 11 is disposed at

that position. if it does in this way, the whole apparatus housing | casing can

closelyficontact l adhere to a wrist and the lst pulse wave measurement part 11

can be made to contact skin stably.

[0042] in consideration of the ease of processing the housing and the like, it is

desirable that the concave surface on the lower surface of the housing 100 be an

analytical curved surface. For example, a cylindrical concave surface as shown in

HQ, 3, a conical concave surface as shown in FIG. 4, and an elliptical spherical

concave surface as shown in FIG. 5 are desirable. Further, the position where the

convex transparent sensor window, that is, the first pulse wave measurement unit

11 is provided is assumed to be attached to the wrist when the device 10 is

arranged at the center of the lower surface of the housing 100. in other words. it

hits the position of the long palmar muscle tendon of the user, the contact state is

not stable, and is greatly affected by the movement of the wrist. Therefore, the

position where the first pulse wave measurement unit 11 is provided is shifted from

the central part of the lower surface of the apparatus housing 100 in the bending

direction (the circumferential direction of the wrist to be worn or the belt direction)

so that the influence can be reduced. l have to. Further, the long palmar tendon of

the user‘s wrist is positioned in the gap formed by the convex curved surface of the

first pulse wave measurement unit 11 and the concave surface of the casing 100,
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and the casing 100 is beited by the long palmar muscle tendon. Shifting in the

direction can be suppressed, and the apparatus 10 can be stably mounted.

Furthermore, as shown by an imaginary line in HS. 3, in order to further improve the

stable wearability, the ridge 111 is arranged so that the long paimar tendon is

sandwiched between the first pulse wave measuring unit 11 at the time of wearing.

it can also be formed on the iower surface 100 of the housing.

The height of the first puise wave measurement unit 11 is a height that does not

protrude outward from the surface 120 formed by the peripheral edge of the lower

surface of the housing 100. As shown in FlG. 6, the first pulse wave measurement

unit 11 may have a fiat shape that can be embedded by embedding a part of the

concave surface of the lower surface of the housing 100.

The biologicai information measuring apparatus 10 according to the present

embodiment can be used with not only the first pulse wave measuring unit 11 but

also the second pulse wave measuring unit 12 attached to the outside of the casing

for measuring the puise wave. The human body has more arterioles near the skin

surface than the wrist. Therefore, in the pulse wave measurement by the

photoeiectric pulse wave sensor, the levei of the puise wave that can be detected is

larger when measured with the palm than when measured with the wrist. Therefore,

when accurate measurement is not possible with the wrist, it is desirable to perform

measurement with the paim by wrapping the second puise wave measurement unit

12 around the finger. In that case, it is bothersome to let the user connect the

connector 110 to the second puise wave measurement unit 12 and further instruct

the measurement site with the operation unit 21 again. Therefore, in the biologicai

information measuring apparatus 10 of the present embodiment, when the second

pulse wave measurement unit 12 is connected to the connector 110, the user is

regarded as an intention to measure the puise wave with the palm instead of the

wrist. The pulse wave switching unit 13 automatically switches so that the

measurement slgnai of the second puise wave measurement unit 12 is prioritized

and the puise wave measurement is performed.

As shown in FIG. 7 and HG. 8, the second pulse wave measurement unit 12

measures the pulse wave on the palm 130 side, for example, wrapped around the

little finger 131. A finger other than the littie finger 131 and a palm 130 other than

the finger may be used. As for the position of the connector 110 that connects the

second pulse wave measuring unit 12 and the bioiogical information measuring

device 10, as shown in FlGS. 9 (a) and 9 (b), a housing that exists in a direction

perpendicular to the direction of the belt 101. On the side surface 102 of the body

100. Moreover, if the connector 110 is provided at the center of the side surface 102,

the wrist bending operation of the user is hindered, so that the position is shifted in

either the upper or lower direction in the beit direction from the center.

The puise wave switching unit 13 confirms whether or not the second pulse wave
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measurement unit 12 is connected when the user operates the operation unit 21 to

enter the pulse wave measurement mode. The following two examples will be
described as the method.

The first example is a method of making a determination by giving a device to the

shape of the connector 110. FIG. 10 shows the shape of the connector 110, and FIG.

11 shows a determination process flowchart of the pulse wave switching unit 13. In

addition to the LED pole, LED cathode, PD anode, and PD cathode necessary for the

LED and PD of the second puise wave measurement unit 12, the pulse wave

switching unit 13 is connected to the connector 110 on the bioiogical information

measurement device 10 side. in order to monitor, a pin connected to the lO pin of

the CPU and a pin connected to the ground {GND) are prepared, and the two poles

are short~circuited on the cable 12A side of the second pulse wave measurement

unit 12. Note that the i0 pin of the CPU is pulled up to the power suppiy voltage.

Then, the power supply voltage is applied to the lO pin when the connector is not

connected, but becomes 0 V when the connector is connected. The pulse wave

switching unit 13 checks the voltage level of the monitoring IO pin at the start of the

pulse wave measurement mode (step 511). if the pulse wave switching unit 13 is at

the H level, the first pulse wave measurement unit 11 is used (step 512). if so, it is

determined that the second pulse wave measurement unit 12 is used (step 513).

Here, the shape of the connector 110 is not limited to this, and the connector 110

may be pulled down in advance and set to the H level when connected. Further,

when the PD and LED pins can be made common (for example, when the PD is used

at zero bias) (for example, the LED cathode and the PD anode), the number of lead

wires 12A to the second pulse wave measurement unit 12 can be reduced. it can.

Further, the pulse wave switching unit 13 dynamically responds to insertion /

removal of the second pulse wave measurement unit 12 during measurement by

monitoring the connection state of the connector periodically during measurement
as well as at the start of measurement. be able to.

[0049] The second example is a method of determining whether or not the second

pulse wave measurement unit 12 is connected from the measurement waveform.

HQ 12 is a flowchart of the determination process. First, the pulse wave switching

unit 13 selects the second pulse wave measurement unit 12 at the start of

measurement (step 521), and measures a pulse wave for a certain time, for

example, 10 seconds, sufficient to count at least a plurality of pulse waves. (Step

522). FlG. 13 shows an example of a pulse wave waveform when the second puise

wave measurement unit 12 is connected and measurement is performed at the

finger pad, and FIG. 14 shows a pulse wave waveform when the second pulse wave

measurement unit 12 is not connected. lt is an example. The waveform when the

second pulse wave measurement unit 12 is not connected hardly changes in the

vicinity of the offset voltage. After a lapse of a certain time, the pulse wave

switching unit 13 checks whether there is a pulse wave fluctuation that exceeds a
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threshold value set on both sides of the offset voltage or one (step 523), and if there

is no fluctuation, the second pulse wave it is determined that the measurement unit

12 is not connected (or is not correctly measured even if connected), and thereafter,

it is determined that the first pulse wave measurement unit 11 is used (step 526).

On the other hand, if there is a pulse wave fluctuation exceeding the threshold

value in step 523, the peak interval exceeding the threshold value is an interval

that seems to be a pulse wave (for example, 0.5 seconds to 1.5 seconds or less).

Whether the second pulse wave measuring unit 12 is connected or not if it is

detected more than a certain number of times, for example, 5 times or more in 10

seconds (step 524). it is determined that the two pulse wave measurement unit 12

is used (step 825), otherwise it is determined that the second pulse wave

measurement unit 12 is not connected (or is not correctly measured even it

connected), and thereafter Then, it is determined that the first pulse wave

measurement unit 11 is used (step 526).

The amplifier/filter unit 14 amplifies the change in the output current of the PD and

removes noise components other than the pulse wave (for example, hum noise).

The first pulse wave measurement unit 11 measures the pulse wave at the wrist,

and the second pulse wave measurement unit 12 measures the pulse wave at the

palm. As described above, since the levels of the pulse waveform at the wrist and

the palm are different, the gain adjusting unit 15 sets an amplification factor

suitable for each in order for the analyzing unit 18 to analyze the measured

waveform with high accuracy. That is, the amplification factor specific to the first

pulse wave measurement unit 11 and the second pulse wave measurement unit 12

is set in advance, and the amplification factor set to the one selected by the pulse

wave switching unit 13 is set. The amplification factor may be adjusted in a plurality

of stages, and may be dynamically adjusted according to the amplitude level of the
waveform.

(Second Embodiment) A biological information measuring apparatus according to a

second embodiment of the present invention will be described. A feature of the

second embodiment is that the first pulse wave measurement unit 11 and the

second pulse wave measurement unit 12 are used at the same time, and the

biological information is measured by dynamically selecting the one having the

better measurement accuracy. it has the function of accumulating data. The

functional configuration of the biological information measuring apparatus 10 of the

present embodiment is the same as that of the first embodiment shown in HQ. 1,

and the external appearance of the hardware is also the first embodiment shown in

HE. is the same as in the present embodiment, the pulse wave switching unit 13

dynamically selects one of the first pulse wave measurement unit 11 and the

second pulse wave measurement unit 12 that has better measurement accuracy,

and performs measurement with the better measurement accuracy. It functions to

output the measurement signal of the unit to the amplifier / filter unit 14.
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[0053] Basically, it is said that the accuracy of pulse wave measurement is better in

the palm part than in the wrist part, but the opposite may occur depending on the

user’s situation (cooling, posture, etc.). Therefore, the measurement accuracy is

further improved by such a method.

[0054) At the start of measurement, based on the flowchart of FIG. 12. the pulse

wave switching unit 13 selects the second pulse wave measurement unit 12 (step

821). and for a certain period of time sufficient to count at least a plurality of pulse

waves, For example, a pulse wave for 10 seconds is measured (step 522). Then,

based on the same determination as in the first embodiment, it is checked whether

there is a pulse wave fluctuation exceeding the threshold value set on both the

upper and lower sides of the offset voltage (step 523). it is determined that the

wave measurement unit 12 is not connected (or is not correctly measured even if

connected), and it is determined that the first pulse wave measurement unit 11 is

preferentially used (step 526).

On the other hand, if there is a pulse wave fluctuation exceeding the threshold

value in step 523, the peak interval exceeding the threshold value is an interval

that seems to be a pulse wave (for example, 0.5 seconds to 1.5 seconds or less).

Whether the second pulse wave measuring unit 12 is preferentially used (step 525).

Otherwise, it is determined that the first pulse wave measurement unit 11 is

preferentially used (step $26).

After the selection determination of the preferential use measurement unit at the

start of measurement, the process proceeds to the flowchart of HG. First, the pulse

wave measuring unit that is determined to be preferentially used between the first

pulse wave measuring unit 11 and the second pulse wave measuring unit 12 is

preferentially used (step 531). The analysis unit 18 detects a peak interval from the

measured pulse waveform, or detects a pulse interval from a threshold value cross

of a raw waveform or a differentiated waveform (step S32), and the number of pulse

wave detections within a time that is a certain time past from the present is

detected. It is detemnined whether or not a certain value or more (for example, 30

times or more per minute). if so. the measurement at the pulse wave measurement

unit that is determined to be used preferentially is continued as being correctly

measured. Otherwise, the pulse wave switching unit 13 switches to the other pulse

wave measurement unit as not being measured correctly (step 534).

[0057) Then, in the same manner as described above, the analysis unit 18 detects

the pulse wave interval (step S35), and determines whether or not the number of

pulse wave detections within a time period that is a certain time past from the

present is greater than or equal to a certain value, (Step 836). Here, if the number

of detected pulse waves within a certain time is equal to or greater than a certain

value, it is assumed that measurement is correctly performed, and the
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measurement at the other pulse wave measuring unit is continued. Otherwise, the

pulse wave switching unit 13 switches to the pulse wave measurement unit that is

first used preferentially and performs pulse wave measurement, assuming that

measurement has not been performed correctly (step 534). Thereafter, by

continuing this series of processing, the pulse wave is always measured with a

better accuracy. The processing for the pulse wave signai measured by the puise

wave measuring unit is the same as that of the first embodiment.

As described above, according to the biological information measuring apparatus of

the present embodiment, the pulse wave measurement is performed while always

switching between the puise wave measurement of the wrist part of the user and

the pulse wave measurement of the palm part of the user. Since the biological

information is analyzed based on the pulse wave signal, accurate biological

information analysis is possible.

[0059] FlG. 2 is a block diagram showing a functional configuration of the biological

information measuring apparatus according to the first embodiment of the present

invention. The top View and side View which show the external appearance of the

biological information measuring device of the said embodiment. The bottom View

and side view which show the housing i casing which makes a cylindrical concave

surface a lower surface shape in the biological information measuring device of the

said embodiment. The bottom View and side View which show the housing l casing

which makes a conical concave surface a lower surface shape in the biological

information measuring device of the said embodiment. The bottom view and side

view which show the housing l casing which makes an eilipticai spherical concave

surface a lower surface shape in the biological information measuring device of the

said embodiment, in the living body information measuring device of the

above-mentioned embodiment, a bottom view and a side view showing the relation

between the shape of the bottom surface of the housing and the first pulse wave

measuring unit formed there. The bottom view which shows the use condition of the

biological information measuring device of the said embodiment. Sectional drawing

which shows the use condition of the 2nd pulse-wave measurement part in the

biological information measuring device of the said embodiment. The top View

which shows the installation place of the connector which connects the signal cable

of the 2nd pulse wave measurement part in the biological information measuring

device of the said embodiment. Explanatory drawing of the pin assignment of the

connector by the side of the signal cable of the 2nd pulse wave measurement part

in the biological information measuring device of the said embodiment, and the

connector by the side of a housing l casing. The flowchart of an example of the

selection judgment process of the lst pulse wave measurement part and the 2nd

pulse wave measurement part in the biological information measuring device of the

said embodiment. The flowchart of another example of the selection judgment

process of the lst pulse wave measurement part and the 2nd pulse wave

measurement part in the biological information measuring device of the said
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embodiment. The graph of the regular pulse wave measurement signal input from

the 2nd pulse wave measurement part in the living body information measuring

device of the above—mentioned embodiment. The graph of the pulse wave

measurement signal input from the connector for a 2nd pulse wave measurement

part connection in the state where the 2nd pulse wave measurement part is not

connected in the living body information measurement device of the

above-mentioned embodiment. The flowchart of the selection judgment processing

of the lst pulse wave measurement part and the 2nd pulse wave measurement part

in the living body information measuring device of a 2nd embodiment of the

present invention.

Claim(s):

1. A wristwatch—type biological information measuring apparatus for measuring a

pulse wave by attaching a housing to a user‘s wrist,

wherein the shape of

the bottom surface of the housing is a concave surface, and a part of the concave

surface of the bottom surface of the housing is

A biological information measuring device , wherein a sensor window is provided so

as to protrude from a peripheral portion, and a pulse wave sensor is installed inside
the sensor window,

2. The biological information measuring apparatus according to claim 1, wherein

the concave surface of the lower surface of the housing is an analytical curved
surface.

3. The biological information measuring apparatus according to claim 2, wherein

the concave surface of the lower surface of the housing is a cylindrical concave
surface.

4. The biological information measuring device according to claim 2, wherein the

concave surface of the lower surface of the housing is a conical concave surface.

5. The biological information measuring device according to claim 2, wherein the

concave surface of the lower surface of the housing is an elliptical concave surface.

6. The biological information measuring device according to any one of claims 1 to 5,

wherein the sensor window has a flat top surface.

7. The biological information measuring device according to claim 1, wherein the

height of the convex top portion of the sensor window is a height that does not

protrude outward from the lower surface of the housing.

8. The biological information measuring apparatus according to claim 1, wherein

the sensor window is configured by a flat surface that can be formed by filling a part
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of a concave surface of the lower surface of the housing.

9. The biological information measuring apparatus according to claim 1, wherein

the sensor Window is provided at a position shifted in a bending direction from a

position of a curved center line on the lower surface of the housing.

10. From a wrist-worn belt connected to two opposite side surfaces of the

housing, and an external pulse wave sensor provided at a position shifted from the

center position on the side surface of the housing where the belt is not connected.

The biological information measuring device according to claim 1, further

comprising: a connector for connecting a signal cable that transmits the pulse wave

signal of the signal.

11. When the signal cable is connected to the connector, the pulse wave signal from

the external pulse wave sensor is given priority. When the signal cable is not

connected to the connector, the pulse from the pulse wave sensor built in the

housing is given. The biological information measuring device according to claim 10,

further comprising an input pulse wave signal switching unit that switches a pulse

wave signal used so as to prioritize the wave signal.

12. The biological information measuring apparatus according to claim 11, further

comprising gain adjusting means for adjusting an amplification factor according to

an input pulse wave signal selected by the input pulse wave switching means.

13. The biological information measuring apparatus according to claim 10. wherein

the sensor window is provided at a position closer to the connector than a center

point on the lower surface of the housing.

14. A wristwatch—type biological information measuring device for measuring a

pulse wave by attaching a housing to a user‘s wrist,

the first pulse wave sensor installed on the lower surface of the housing;

The second pulse wave sensor connected to the connector provided in the housing

via a signal cable,

the measurement signal of the first pulse wave sensor and the measurement signal

of the second pulse wave sensor are compared. Among the measurement stability

determining means for determining the quality of the measurement stability and

the first pulse wave sensor and the second pulse wave sensor, the measurement

stability determining means determines that the measurement stability is good. A

biological information measuring apparatus comprising: an analysis unit that

performs pulse wave detection using a measurement signal from a pulse wave

sensor that outputs a measurement signal.
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SIZING AND POSITIONING TECHNOLOGY FOR AN IN-THE-EAR

MULTI-MEASUREMENT SENSOR TO ENABLE NIBP CALCULATION

BACKGROUND

The following relates to monitoring physiology. It finds particular application to an

in-the-ear structure that is inserted in the ear canal to suitably position one or more

physiological sensors within the inner ear to capture information indicative of

physiological phenomena including blood pressure, respiration, perfusion index, blood

oxygen, pulse rate, and body temperature, for example.

Physiological signals have been measured fi'om within the ear. However, there are

no multi-parameter physiological measurement devices that non-invasively measure blood

pressure from within the ear. Examples ofbarriers that frustrate such development include

the varying size and shape of the human ear canal from person to person, an inability to

strategically position sensors within the ear canal to optimally receive physiological

signals, and an inability to protect sensing devices from contamination through contact

with inner ear tissue while measuring physiological signals.

In one aspect, an in-the-ear physiological measurement device includes a structure

formed for insertion into an ear canal. One or more sensors are operatively coupled to a

portion of the structure that is positioned in the ear. An inflatable balloon is operatively

coupled to the portion of the structure positioned in the ear and inflates to position the one

or more sensors proximate to tissue within the ear canal. Once suitably positioned, the one

or more sensors sense physiological signals from the surrounding tissue and bone structure.

One advantage includes measuring physiological signals from within the ear.

Another advantage resides in non-invasively measuring blood pressure from within

the ear.

Another advantage is continuously measuring non-invasive blood pressure from

with the ear.

Another advantage resides in an in-the-ear device that forms to different shaped and

sized ear canals.

Another advantage is positioning the sensor within the ear canal to optimally

receive physiological signals therefrom.
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Another advantage is positioning the sensor within the ear canal with ideal force

and pressure to ensure close coupling of sensors with tissue without causing blanching of

the tissue.

Another advantage is positioning the sensor within a well perfused physiological

site even if the body is experiencing peripheral shutdown due to shock or other conditions.

Another advantage is the prevention of over insertion into the ear.

Another advantage is measuring physiological signals through a sheath that

mitigates contamination of the physiological sensors.

Another advantage resides in an in—the-ear physiological signal measuring device

that equalizes ear pressure with ambient pressure, especially during balloon inflation and

deflation.

Still fiirther advantages will become apparent to those of ordinary skill in the art

upon reading and understanding the detailed description of the preferred embodiments.

FIGURE 1 illustrates an in—the-ear physiological measurement apparatus for

measuring physiological signals from within an ear.

FIGURE 2 illustrates an in-the-ear physiological measurement apparatus with a

single channel for housing sensor wiring and inflating/deflating an inflatable balloon to

position sensors proximate to inner ear tissue.

FIGURE 3 illustrates an in-the-ear physiological measurement apparatus with

separate channels for housing sensor wiring and inflating/deflating an inflatable balloon.

FIGURE 4 illustrates an in—the-ear physiological measurement apparatus with an

air passage channel for equalizing air pressure between the ear and the environment when

inflating and deflating the balloon.

FIGURE 5 illustrates an in-the-ear physiological measurement apparatus positioned

within an ear.

FIGURE 6 illustrates a connection point between an in—the-ear physiological

measurement apparatus, a supporting behind-the-ear device, and a protective sheath that

mitigates contamination of the physiological sensors.

FIGURE 7 illustrates an in-the-ear physiological measurement apparatus connected

to a behind-the-ear supporting device.
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FIGURES 8-12 illustrate various views of a suitable tip for holding sensors

associated with an in-the-ear physiological measurement apparatus.

FIGURE 13 is a perspective view in partial section illustrating an uninflated

balloon for insertion into the ear canal.

FIGURE 14 is a perspective view in partial section illustrating an inflated balloon.

FIGURE 1 illustrates an in—the-ear (ITE) physiological measurement apparatus 2

(hereafter “the ITE apparatus 2”) for measuring one or more physiological signals (e.g.,

blood pressure, pulse, blood oxygen, perfusion, temperature, respiration...) from within an

ear canal. The ITE apparatus 2 includes a structure 4 that inserts into the ear canal. The

structure 4 is dimensioned to enter the ear canal to a suitable depth and adapts to various

shaped ear canals (e.g., different curvatures). That is, the structure 4 is small in diameter

compared to the diameter of the ear canal. In a preferred embodiment, the structure 4

projects into the ear canal such that an end portion is positioned proximate to a bony region

ofthe ear or other relatively quiet zone of the ear canal.

The end portion of the structure 4 residing in the ear canal includes an annular

inflatable balloon 6. The inflatable balloon 6 surrounds the end portion of the structure 4

(as illustrated) or suitable portions thereof. The inflatable balloon 6 ideally supports one or

more sensors 8 that are operatively coupled to a surface of the balloon 6 and that measure

physiological signals. Suitable sensors include light emitting diodes (LEDs), an infrared

(IR) source, light detectors, a pressure transducer, a microphone, and a thermistor, for

example. The sensors 8 are strategically positioned on the balloon 6. For example, a light

detecting sensor typically is positioned to minimize or prevent absorption of light not

indicative of the physiological process under measurement (e.g., light from outside the ear,

light emitted from another sensor located on the balloon 6...). Although depicted as

circular in FIGURE 1, the one or more sensors 8 can be any shape. Alternatively, the

sensors could be mounted within the end portion of the structure 4 and could be moved

into contact with the tissue once inserted into the ear.

The inflatable balloon 6 is inflated to position the one or more sensors 8 proximate

to appropriate tissue within the ear canal with ideal force and pressure to ensure close

coupling of sensors with tissue but without causing decreased perfusion or blanching of the

-3-
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tissue. For adult humans, this includes inflating the balloon 6 to conform to the widely

varying ear canal diameters from about 6 mm to about 13 mm. For neonates and small

pediatrics, where the ear canal diameter various from about 4 mm in diameter to about 7

mm in diameter, smaller and shorter ITE devices are used. Typically, sensors for

measuring blood oxygen are positioned proximate to ear canal tissue that is perfused with

arterial blood supplied by branches of the External as well as the Internal Carotid Arteries,

thus serving as a well perfused physiological site even if the body is experiencing

peripheral shutdown due to shock or other conditions. Such sensors include an energy

emitting means (e.g., an LED, an IR source...) and an energy detecting means that detects

energy transmission through the vascular tissue. In another example, a temperature sensor

(e.g., a thermistor) is also positioned proximate to vascular tissue. In yet another example,

sensors for sensing audio signals (e.g., a microphone) indicative of pulse pressure sounds,

and/or respirations are suitably positioned in relatively quite regions of the ear canal to

mitigate sensing extraneous audio signals (noise).

The inflatable balloon 6 is also used to facilitate non-invasively measuring blood

pressure. For a non-invasive blood pressure measurement, the inflatable balloon 6 is

inflated until it occludes blood flow in a portion of the ear proximate a blood pressure

sensor(s) (e.g., a pressure transducer) operatively connected to the inflatable balloon 6.

The pressure in the inflatable balloon 6 is then suitably released to deflate the inflatable

balloon 6. A systolic and a diastolic blood pressure are obtained during inflation and/or

deflation using an auscultatory approach (e.g., via a microphone operatively connected to

the balloon 6) and/or an oscillometric approach (e.g., via optical sensing components

attached to the balloon).

A continuous non-invasive blood pressure is measured by obtaining an initial blood

pressure measure as describe above and then re-inflating the balloon 6 to a mean pressure.

A servo mechanism periodically adjusts balloon pressure to locate a maximum pulse

waveform amplitude indicative of mean blood pressure. As long as the derived mean

pressure is relatively close to the initial pressure and/or the pulse waveform amplitudes are

relatively close, the derived continuous systolic, diastolic, and mean blood pressure are

calculated with high accuracy.

The structure 4 includes one or more passageways (as illustrated in FIGURES 2-4

infra) that extend through the structure 4. Such passageways house sensor data, power,

-4-
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and control wires, provide a hermetically sealed channel for inflating/deflating the balloon

6, and/or allow pressure inside the ear to equalize with the environment during balloon

inflation/deflation. FIGURE 2 depicts an aspect in which the structure 4 includes a

channel 10 for both housing sensor wiring and inflating/deflating the balloon 6. The

channel 10 isolates the wires from the inner ear environment, mitigating contamination of

both the ear and the sensor wiring and provides a pressurized air conduit to the balloon 6.

FIGURE 3 depicts an aspect in which the structure 4 includes separate channels for sensor

wiring and inflating/deflating the balloon 6; one or more first channels 12 house sensor

wiring and a second channel 14 provides the pressurized air conduit for inflating/deflating

the balloon 6. FIGURE 4 depicts an aspect in which an optional channel 16 provides an

ear pressure stabilizing mechanism that allows ear pressure to equalize with the

environment during balloon inflation and/or deflation. The channel 16 mitigates pressure

build-up in the ear during balloon inflation and/or deflation and potential pain therefrom.

The examples in FIGURE 2-4 depict the structure 4 and the passageways 10-16 with

circular shaped cross-sections. These particular shapes are not limitative and are provided

for explanatory purposes. It is to be understood that the structure 4 and/or the passageways

10-16 can be essentially any shape (e.g., oval, rectangular, irregular...) conducive to the

ear canal.

FIGURE 5 illustrates the ITE apparatus 2 inserted into an ear canal. The structure

4 is inserted such that the end portion with the balloon 6 residing in the ear canal is in a

bony region of the ear. The balloon 6 is inflated to position the sensors 8 proximate to

inner ear tissue to sense signals indicative ofphysiological states, including blood pressure,

temperature, pulse, respiration, and blood oxygen, for example.

FIGURE 6 illustrates the ITE apparatus 2 with an optional sheath 9 placed over the

structure 4 and balloon 6 to protect the ear and the structure/balloon/sensor assembly from

contamination. In one aspect, the sheath can be semi-permeable to allow air flow, but

prevent fluid from moving from one side of the sheath to the other side. In another aspect,

the sheath prevents substantially all matter from moving from one side of the sheath to the

other side. The structure/balloon/sensor assembly can be disposable, washable, and/or

sterilizeable.

The structure 4 is shown supported in the ear by a (BTE) ear piece 18. The

structure 4 can be operatively attached to the ear piece 18. Such attachment can be through

-5-
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a fastening means including a threaded connector, a snap, a set screw, an adhesive, a rivet,

etc. FIGURE 6 shows an exemplary connection region 20 between the structure 4 and the

optional ear piece 18. A protective sheath 9 may be used to mitigate contamination of the

physiological sensors if desired. In another aspect, the structure 4 and the ear piece 18 can

be formed as a single unit.

FIGURE 7 shows the BTE device 18 connected to the ITE device 2. The ITE

device 2 includes a battery 21 which powers both devices. With this embodiment, the ITE

device 2 and battery 21 are low cost and disposable.

FIGURES 5-7 above illustrate the optional ear piece 18 as a behind-the-ear

supporting device. In a preferred embodiment, the ITE apparatus is connected to a behind-

the-ear (BTE) device (18) by means of a semi-rigid connector tube that is formed to fit

over and/or around the ear to prevent over insertion and to hold in position the ITE device

with optimised orientation and positioning. It is to be understood that other types of

supporting devices are contemplated. For example, the structure 4 can be mounted to

supporting devices that attach to a region of the head, neck, shoulders, etc.

The BTE device 18 can house various electronics that receive physiological signals

from the sensors 8 (e.g., via sensor wire extending through the passageways 10 and 12

briefly described above) and transmit the physiological signals to another transceiver (not

shown) worn by the subject (e.g., a transceiver worn around the neck or waist) or to a

remote device (not shown) such as a monitoring device, a database, a computer, and a

graphical display. The BTE device 18 can optionally include a processor (not shown),

memory (not shown), and a battery (not shown). The processor is used to control the

sensors and electronics, process raw data, and read data from the sensors; the memory is

used to store data and/or configuration; and the battery powers the processor, active

sensors, and the transceiver.

In the embodiment of FIGURES 8-11, the one or more sensors 8 are located on a

soft, pliable tip 22 (rather than directly on the inflatable balloon 6, or on the ITE device tip

on a side opposite the inflatable balloon 6) that is operatively connected to the end of the

structure 4 inserted into the ear. The balloon 6 is shown in FIGURE 8, but has been

removed from the FIGURES 9-11 for clarity of illustration. Upon inserting the structure 4

in the ear, the sensors 8 are still positioned by inflating the balloon 6; however, inflating
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the balloon 6 expands sensor carrying leaves 24 of the tip 22, which positions the sensors 8

proximate to inner ear tissue.

FIGURE 12-14 depict the tip 22 as an expandable mushroom shaped element. In

this embodiment, inflating the balloon 6 from the insertion level of FIGURE 13 expands

the soft, pliable tip 22, which positions the sensors 8 proximate to inner ear tissue (See

FIGURE 14). The tip 22 and/or balloon 6 also serve as an optical reflector, helping to

reflect light from a light emitter through the tissue, from the bone, through the tissue,

reflectively and transmissively, to the reflector, from the reflector back through the tissue

and so forth, until it finally reaches the light detector. The back side of the tip 22 is opaque

which blocks unwanted ambient light coming from within the ear canal. The tip (22)

and/or the balloon (6) also serves as buffer between external ambient airflow and

thermistor (8) that is measuring a surrogate of core body temperature. Flex-circuit

connectors 26 each extend through the structure 4, bend around the balloon 6, and flexibly

interconnect with an associated sensor 8.

The invention has been described with reference to the preferred embodiments.

Modifications and alterations may occur to others upon reading and understanding the

preceding detailed description. It is intended that the invention be constructed as including

all such modifications and alterations insofar as they come within the scope of the

appended claims or the equivalents thereof.
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CLAIMS

1. An in-the-ear (ITE) physiological measurement device (2), comprising:

a structure (4) formed for easy insertion into an ear canal;

one or more sensors (8) operatively coupled to a portion of the structure that is

inserted in the ear; and

an inflatable balloon (6) operatively coupled to the portion of the structure inserted

in the ear, the inflatable balloon (6) inflates to position the one or more sensors (8)

proximate to tissue within the ear canal such that the one or more sensors (8) can sense

physiological signals from the surrounding tissue and bone structure.

2. The ITE physiological measurement device (2) according to claim 1,

wherein the one or more sensors (8) non-invasively sense signals indicative of blood

pressure, continuous blood pressure, a pulse, a blood oxygen level, perfusion, body

temperature, and respiration.

3. The ITE physiological measurement device (2) according to claim 1,

wherein the structure (4) is inserted to position the one or more sensors (8) proximate to at

least one of a bony region and a quite zone of the ear canal.

4. The ITE physiological measurement device (2) according to claim 1,

wherein the structure (4) is inserted to position the one or more sensors (8) proximate to

surrounding deep ear canal tissue which is perfused with arterial blood supplied by

branches of at least one of External and Internal Carotid Arteries and serves as a well

perfused physiological site even if the body is experiencing peripheral shutdown due to

shock or other conditions.

5. The ITE physiological measurement device (2) according to claim 1,

wherein the inflated balloon (6) positions the one or more sensors (8) located thereon

proximate to the vascular tissue with ideal force and pressure to ensure close coupling of

sensors with tissue without causing decreased perfusion or blanching of the tissue.
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6. The ITE physiological measurement device (2) according to claim 1,

wherein the one or more sensors (8) are operatively attached to the inflatable balloon (6).

7. The ITE physiological measurement device (2) according to claim 1, further

including a tip (22) operatively connected to a region of the structure (4) inserted in the

ear, the one or more sensors (8) being operatively connected to the tip (22).

8. The ITE physiological measurement device (2) according to claim 7, the tip

(22) and/or the balloon (6) serves as a reflector to reflect and direct sensor sourced light

through the tissue of the ear, reflectively and transmissively, into a light detector while

blocking ambient light.

9. The ITE physiological measurement device (2) according to claim 7, the tip

(22) and/or the balloon (6) serves as buffer between external ambient airflow and

thermistor (8) that is measuring a surrogate of core body temperature.

10. The ITE physiological measurement device (2) according to claim 7,

wherein the balloon (6) is disposed between the structure (4) and the tip (22) to inflate and

expand the tip (22) in order to position the one or more sensors (8) located thereon

proximate to the vascular tissue.

11. The ITE physiological measurement device (2) according to claim 1,

wherein the one or more sensors (8) include one or more of: a light emitting diode, an IR

source, a light detector, a thermistor, a pressure transducer, and a microphone.

12. The ITE physiological measurement device (2) according to claim 1,

wherein the inflatable balloon (6) expands to position the one or more sensors (8) within an

adult ear canal from about 6 mm in diameter to about 13 mm in diameter, and within a

pediatric ear canal from about 4 mm in diameter to about 7 mm in diameter.

13. The ITE physiological measurement device (2) according to claim 1, the

structure (4) including:
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a passageway (10, 14) that extends through the structure (4) to the balloon (6) for

inflating and deflating the balloon (6).

14. The ITE physiological measurement device (2) according to claim 1, the

structure (4) including:

a passageway (10, 12) that extends through the structure (4) to the one or more

sensors (8) for housing sensor wires (26) for carrying power or control signals to the

sensors (8) and data from the sensors (8).

15. The ITE physiological measurement device (2) according to claim 1, the

structure (4) including:

a passageway (16) that extends through the structure (4) for equalizing ear pressure

within the ear canal with ambient air pressure.

16. The ITE physiological measurement device (2) according to claim 1, further

including a sheath (9) that protects the structure (4), the balloon 6, the one or more sensors

(8), and the ear canal from cross contamination.

17. The ITE physiological measurement device (2) according to claim 1, further

including a battery (21) that powers one or more components (2, 18).

18. The ITE physiological measurement device (2) according to claim 1,

wherein the ITE physiological measurement device (2) is operatively connected to the BTE

device (18) by means of a semi-rigid connector tube that is formed to fit over and/or

around the ear to prevent over insertion and to hold in position the ITE device (2) with

optimised orientation and positioning.

19. A method for measuring physiological signals within the ear canal,

comprising:

inserting an in—the-ear structure (4) into an ear canal to a desired depth;

-10-
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inflating an inflatable balloon (6) operatively connected to an end portion of the in-

the-ear structure (4) to position one or more sensors (8) proximate to vascular tissue of the

ear canal; and

using the one or more sensors (8) to sense physiological signals from the

surrounding tissue and bone structure.

20. The method according to claim 19, fiirther including measuring blood

pressure through the following:

inflating the inflatable balloon (6) to occlude blood flow in the ear tissue proximate

to the inflatable balloon (6); and

obtaining a systolic and a diastolic blood pressure while inflating and/or deflating

the inflatable balloon (6).

21. The method according to claim 19, further including measuring blood

pressure through one or more of an auscultatory approach and an oscillometric approach.

22. The method according to claim 19, filrther including continuously

measuring blood pressure through the following:

obtaining at least one of an initial systolic and diastolic blood pressure measure

reading;

determining a mean blood pressure measurement from the reading;

inflating the balloon (6) within the ear canal to the mean blood pressure;

periodically adjusting balloon pressure; and

capturing a maximum pulse waveform amplitude indicative of the mean blood

pressure .

23. The method according to claim 22, further including deriving at least one of

a systolic and a diastolic blood pressure fiom at least one of the mean blood pressure and

one or more pulse waveform amplitudes.

24. A physiological measurement device (2) for measuring physiological

signals from within the ear canal, comprising:

-11-
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a first structure (4) formed for easy insertion into multiple shaped and sized ear

canals;

a second structure (18) that supports the first structure (4) to facilitate maintaining

the position of the first structure (4) within the ear canal;

an inflatable balloon (6) disposed around a portion of the first structure to be

positioned in the ear, the inflatable balloon (6) expands radially with inflation;

a radially expanding tip (22) connect with the first structure (4) and extending at

least partially around the inflatable balloon (6) such that inflation of the balloon (6) radially

expands the tip (22); and

a sensor (8) carried by the tip (22) to the pressed into sensing interaction within an

ear canal.

25. The physiological measurement device (2) according to claim 24, the sensor

(8) senses one or more of blood pressure, continuous blood pressure, pulse, blood oxygen

level, perfiision, body temperature, and respiration.

26. The physiological measurement device (2) according to claim 24, wherein

the one or more sensors (8) include one or more of the following: a light emitting diode, an

IR source, a light detector, a thermistor, a pressure transducer, and a microphone.

27. The physiological measurement device (2) according to claim 24, wherein

the physiological measurement device (2) is operatively connected to the secondary device

(18) by a semi-rigid connector tube that is formed to fit over and/or around the ear to

prevent over insertion and to hold the physiological measurement device (2) in position

with optimised orientation and positioning.

-12-
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based on machine—translation output.

CLAIMS CN 1270793

1‘

A non—invasive continuous blood pressure measurement method, which uses a blood vessel volume detection

device to detect the volume pulse of the measured artery, and first controls a pressure device to perform external

pressure on the measured artery in an open-loop working state, so that Measure the average volume of arterial

blood to an unloaded state without any circumferential tension, and then enter a closedeloop working state.

Connect a servo amplifier circuit to amplify the volume pulse and use it to further control the pressure of the

pressure device. When the amplitude of the volume pulse of the measured artery tends to zero and its volume is

completely embedded in its unloaded state, a pressure sensor is used to continuously measure the pressure value

of the pressurized capsule to continuously represent the inside of the measured artery. The blood pressure value

is characterized in that the volume measurement of the arterial blood vessels and the external pressure are located

on the appropriate part of the wrist, and only one artery of the wrist arteries and ulnar arteries is detected and

compressed: the operation process of this method is as follows:

A. The fixing device. is used to press the above—mentioned pressurizing device against the. skin surface ot‘the

measurement artery of the wrist. and the fixing device determines that the position of the blood vessel volume

detection device relative to the measured artery remains unchanged;

l3. Turn on feedbackcontrol the system to the working state, so as to enter the closed loop control of the above

open loop.

2‘

A non—invasive method for continuous blood pressure measurement according to claim 1, characterized in that

11422019 1
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the compression center of the arterial compression device should be aligned with the superficial flexor artery or

ulnar artery at the wrist.

3 s

The non—invasive continuous blood pressure measurement method according to claim 1, characterized in that

the diameter of the compression area to compress the arteries to be measured should be i / 2—1 / 3 of the

diameter of the wrist to be measured to ensure that The pressure can be fully transmitted to the depth of the

measured artery, while avoiding compressing to another artery and causing the volume of the capsule to be too

large, so that the pressure in the capsule cannot be quickly controlled.

4 s

A non—invasive continuous blood pressure measurement method according to claim 1, characterized in that said

arterial compression device should be fixed on said wrist position by a fixing device having a certain hardness and

a certain elasticity.

5s

The non-invasive continuous blood pressure measurement method according to claim 4, characterized in that

the effective contact area of the fixation device and the mist should be more than three times the compression

area of the compression device.

6 t

The noninvasive continuous blood pressure measurement method according to claim 1, characterized in that

the center of the detection range of the blood vessel volume detection device is also unsuccessfully aligned with

the most superficial surface that is compressed by the back pressure device. Arteries.

7 s

A non-invasive continuous blood pressure measurement method according to claim 1, characterized in that the

angle of the palm relative to the wrist and the angle of the wrist closer to the elbowjoint relative to the forearm

should be fixed.

8‘

A noneinvasive continuous blood pressure measurement method according to claim 1, characterized in that the

volume detection and external compression of the arterial blood vessels can be performed alternately on the two

arteries of the arterial artery and the ulnar artery.
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An apparatus based on the method for continuously measuring blood pressure according to claim 1, comprising

a device for volume measurement and external compression of the measured artery, and a measurement-

feedback control system, characterized in that The device for measuring the volume of the measured artery is a

photoelectric probe for volume detection of the arteries of the wrist and the ulnar artery, and the device for

externally pressing the measured artery is the wrist of the opponent. The same artery detected by the above»

mentioned photoelectric volume probe is a locally pressurized capsule with external compression.

The photoelectric volume probe and the pressurized capsule are arranged on a fixed device.

10.

The non—invasive continuous blood pressure measuring device according to claim 9, characterized in that the

compression capsule is flat and its diameter can be selected from 1/2 to 1/3 of the wrist diameter, and the

compression capsule The inner wall ofthe body facing the wrist is made ofa thin, soft, translucent material with a

certain elasticity, and has a shape that projects inward. The wall of the capsule and a wall around the

circumference are made of Made of a certain hardness material.

1 1.

The non—invasive continuous blood pressure measuring device according to claim 9, characterized in that the

fixing device of the pressurized capsule body is a fixing strap with a certain hardness and a certain elasticity.

Fixation shall use non—stretchable devices.

12.

The non—invasive continuous blood pressure measuring device according to claim 9 or ii, characterized in that

the width of the strap should be greater than 50 mm for an average adult. and the surface facing the wrist should

have a concaveeconvex shape that fits the wrist. .

l 3.

The non-invasive continuous blood pressure measuring device according to claim 9 or .11, characterized in that

the pressurized bladder can be integrated with a strap, that is, on the side of the strap facing the wrist,

corresponding to A flat recess having the same diameter as the diameter of the capsule is processed at the position

of the pressurized capsule. and the edge of the inner wall of the capsule body made of the translucent material is

sealed with the edge ofthe recess of the strap.
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14.

The non~invasive continuous blood pressure measurement device according to claim 9, wherein the

photoelectric volume probe is a reflective photoelectric sensor composed of a light emitting device and a

photoelectric device, and the light emitting device and the photoelectric device The inner surface of the inner

wall of the pressurized capsule body is fixed along the length direction of the bag fixing strap at an interval of 5—30

mm, and the midpoint of the line connecting the two devices is aligned with the center of the inner sidewall.

15.

The non—invasive continuous blood pressure measuring device according to claim 9, wherein the fixing device

further comprises a wrist fixing bracket.

The wrist fixed support is a support plate made of a hard material with a certain strength. its length and width

should ensure that it covers the entire back of the hand from the base of the finger to the elbow joint, the back of

the wrist, and the back half of the forearm. Its shape should ensure that its inner side matches the shape of the

back of the hand, the back of the wrist, and the back of the forearm.

16.

The non—invasive continuous blood pressure measuring device according to claim 9 or 15, characterized in that

several small straps are fixed on the wrist fixing bracket, and a layer of soft material is adhered to the inner side of

the fixing bracket. pad.

17.

The non—invasive continuous blood pressure measuring device according to claim 9 or 15, characterized in that

the wrist fixing bracket can be formed by using multiple brackets, and the brackets are connected to each other

by an adjustable connection mechanism. .

18.

The non-invasive continuous blood pressure measurement device according to claim 9, wherein the

measurement—feedback control system is a measurement—feedback control system that continuously measures

blood pressure based on the vascular no—load method.
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19.

The non—invasive continuous blood pressure measuring device according to claim 9 or 14, characterized in that

the pressurized capsules embedded in the photoelectric volume probe can be respectively fixed on the flexnral

artery and the ulnar artery of the wrist respectively One and use a switching device to make them alternately

perform volume detection and external compression on the arterioles and ulnar arteries.

20.

A noninvasive continuous blood pressure measurement device according to claim 9, characterized in that the

measurement—feedback control system or a part thereof is integrated with the fixing device of the compression

capsule.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be

based on machine—translation output.

DESCRIPTION CN1270793

Method and device for non-invasive continuous blood pressure measurement

The invention relates to a method and a device for detecting blood pressure or blood flow, in particular to a

method and a device for continuously and non—invasively measuring the arterial blood pressure of a human body

based on the principle of the vascular no-load method.

In order to continuously measure the arterial blood pressure of the human body at all times, in order to

continuously monitor and track the instantaneous changes of human blood pressure, for many years, it has been

traditionally used clinically to insert a catheter into a superficial arterial blood vessel (mostly the flexor artery of

the wrist). A method of directing arterial blood into a pressure sensor for direct pressure measurement. Because

this traditional method is traumatic, there are always complicated operations and pain to patients (so this method

of pressure measurement can only be performed under anesthesia), especially after use, it is easy to cause

bleeding, infection, thrombosis, Complications such as embolism and nerve damage or sequelae.

For this reason, in recent years, a variety of non-invasive continuous blood pressure measurement methods have

been studied, the most notable of which is the so~called "vascular noeload method” (or "volume embedding

method", "volume compensation method") Methods. Based on this method, several blood pressure

measurement devices have been developed abroad (C5133205, 1969; US4510940; US4524777, 1985; US4869261,

1989, etc), some ofwhich have also been commercialized (such as Finapres TM2300, Ohmeda). When using

this method to continuously measure blood pressure Without trauma, a photoelectric probe is generally used to

detect the volume pulse of the measured artery (that is, the change in the arterial volume caused by the arterial

wall following the blood pressure wave pulse), and at the same time control a fixed Measure the pressure in the

airbag (or water sac) on the surface of the skin above the artery, so that the blood vessel wall of the artery under

test is not only affected by the original blood pressure wave on the inside, but also by the external pressure on the
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outside, which makes the measured The arterial volume pulse changes. When this feedback control makes the

volume pulse of the measured artery change to a certain characteristic (for example, its amplitude or the

amplitude of the small vibration wave artificially superimposed on the volume pulse reaches the maximum, or the

descending section of its curve shows a downward depression When its baseline height (average value) drops to

1/3 of the baseline height when the artery begins to empty, etc), it means that the vessel wall of the measured

artery is at its softest, that is, without any circumferential direction. Pulsing in the so—called "unloaded state" of

tension. At this time, a servo amplifier circuit is connected to amplify the volumetric pulse wave and use it to

further control the pressure of the balloon (or water balloon), so that the pressure applied to the outside of the

vessel wall of the measured artery is not only in the shape of the waveform, but also in The size of the waveform is

exactly the same as the blood pressure wave in the artery, that is, when the forces on the inner and outer sides of

the blood vessel wall of the measured artery reach dynamic equilibrium, the blood vessel wall of the measured

artery will no longer pulsate with the blood pressure wave in the blood vessel. Its vascular volume will be

embedded in its volume when unloaded. At this time, as long as the pressure value of the airbag (water bladder) is

continuously measured with a pressure sensor, continuous blood pressure measurement can be achieved.

Because this method is easy to operate, does not require calibration, and the measurement results are not easily

affected by the patient's body motion interference, it is relatively a non—invasive continuous blood pressure

measurement method suitable for clinical applications. However, this method also has the following problems:

(i) This method is generally used on fingers to measure finger arterial pressure. This is mainly because it is

convenient to realize photoelectric blood vessel volume wave detection on the finger, and it is also convenient to

fix. and at the same time, it has less impact on limb compression. However, the finger arteries are peripheral small

arteries that have high resistance to blood flow, so the blood pressure in the finger area is compared with the so-

called ”systemic blood pressure" (that is, the blood pressure of the large arteries close to the heart) that is generally

used to determine whether the patient‘s blood pressure is normal. Under normal circumstances, it should be

about llhnml-lg lower. If arteriosclerosis occurs, the difference can reach tens ofmmHg. What's more important

is that the smooth muscle components in the walls of small arteries are larger than those in the walls of large

arteries, and these vascular smooth muscle components are easily attected by various factors (such as cold,

anesthesia, etc.) to cause contraction or relaxation, resulting in small arteries. The blood pressure varies so much

that the blood pressure measured with linger arteries on many occasions cannot be used to reflect the patients

general blood pressure. Especially when the patient's circulatory function is poor, the arteries of the fingers

sometimes have extreme contraction of the vascular smooth muscles, causing blood loss in the arteries, so that

blood pressure cannot be measured on the fingers. Q) When this method is used to compress the finger arteries, a

round tube—shaped balloon (water sac) is generally used to press the entire middle or base of the finger. During

continuous blood pressure measurement, the pressure in the balloon (water sac) is always maintained between

the systolic and diastolic blood pressure of the finger artery, although this pressure will only cause a certain

decrease in blood flow to the arteries in the compressed part. It will not cause the blood flow to be blocked, but it

will completely block the blood flow of all the venous and capillary blood vessels in the compressed part, causing

congestion of the finger downstream of the measured part, so it is not suitable for continuous use for a long time.

In response to the above problem Ci) there have been attempts to apply this vascular no—load principle to the

upper arm to measure the blood pressure of the brachial artery. The results show that although this can measure
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the systemic blood pressure close to the aorta. because the position of the brachial artery in the upper arm is very

deep, to fully compress the brachial artery, the upper arm must be pressurized at or near the entire circumference.

In a short period of time, the blood circulation of the entire forearm and hand downstream will be seriously

atiected; in addition, in response to the above problem @J. some people have also used this vascular no—load

principle to measure the temporality of the head An attempt at arterial blood pressure. The basic starting point is

that the head has a rich network of arteries and veins. If a small airbag (water sac) is used to compress the

temporal artery only, continuous blood pressure measurement will not affect the blood circulation in the head.

However, in practice, it is difficult to fix the airbag at the temporal artery, especially the fixed bandage will

compress the occipital artery and occipital vein at the back of the head. Long—term continuous use will also cause

headache, dizziness and other symptoms. Moreover, the temporal arteries are also peripheral arterioles, and the

blood pressure measured on the temporal arteries cannot be used to reflect the systemic blood pressure of the

patient.

An object of the present invention is to provide a method and a device for continuously and non~invasively

measuring blood pressure, which cart accurately measure the whole— body blood pressure of a human body, and

has substantially no influence on the blood circulation downstream of the measured part.

In order to achieve the above object, the solution adopted by the present invention is to change the measurement

site of the existing vascular no-load method, that is, the site for volume detection and external compression of

arterial blood vessels to an appropriate part of the wrist, and use a local The compression device only compresses

one of the two arteries of the wrist (the flexor artery and the ulnar artery).

The present invention is based on: ‘3) Although the diameter of the llexor artery or ulnar artery is slightly smaller

than the diameter of the brachial artery at the upper arm, it is much larger than the small arteries such as the finger

artery and the temporal artery, and the smooth muscle component in the vessel wall of the flexure artery or ulnar

artery is small. Because of the finger arteries and temporal arteries, the blood pressure of the flexor arteries or

ulnar arteries is closer to the body's blood pressure than the linger arteries and temporal arteries, which are much

less affected by various factors. And even when the patient's circulatory function is poor, the blood vessel volume

wave can always be measured on the flexor artery or ulnar artery without the situation that blood pressure

measurement cannot be performed. In particular, due to the aforementioned characteristics of the wrist arteries

and ease of operation on the wrist, invasive direct pressure measurement of the flexor arteries on the wrist has

been used as the most commonly used blood pressure measurement method in surgery and critical care in

countries around the world for many years. As for the blood pressure value of the wrist artery, it has always been

used by clinical medical personnel as the most reliable and accurate criterion for the whole—body blood pressure

of the human body. Therefore, continuous measurement of blood pressure using the blood vessel no—load

method without trauma at the wrist has a high clinical value. (2) In normal people, there are more than two

arteries and veins on the wrist. Two of them (the arterioles and ulnar arteries) are connected to each other

through two arterial arches inside the palm. Several veins are also on the back of the hand. Connected through
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the dorsal vein network. The interconnectedness of these blood vessels ensures that even if one artery or 1’ and

part of the veins of the wrist are blocked for a long time, the blood of the hand is still flowing when the other

artery and most of the veins can still flow. The circulation is also largely unaffected. Therefore, long-term non—

invasive continuous blood pressure measurement can be achieved by using the vascular no —load method on one

of the arteries of the wrist torsion and the ulnar artery. In fact, because the radial and ulnar arteries are superficial

when passing through the wrist, and they are far apart, the distribution of several veins in the wrist is also

scattered. his necessary to fully compress only one artery in the wrist. At the same time, it can ensure the smooth

flow of blood in another artery and most other veins. In addition, if such a non—invasive continuous blood

pressure measurement is performed on the wrist, it is obvious that there are also advantages such as convenient

operation and easy fixing of the pressure device.

Drawing description:

FIG. I is a general block diagram of an embodiment of the present invention.

FIG. 2 is a schematic diagram of a wrist device in the embodiment shown in FIG. I.

Fig. 3 is a cross-sectional view of the wrist device of Fig. 2 taken in the direction perpendicular to the wrist

through the center of an externally pressurized airbag in the wrist device.

Fig. 4 is a working principle diagram of the third embodiment of the present invention.

FIG. 5 is a schematic structural diagram of a fourth embodiment of the present invention

The present invention will be further described in detail by the following examples.

FIG. I is a general block diagram of an embodiment of the present invention. It shows that this embodiment

includes two parts, ofwhich the first part is a wrist device 1, which is mainly a device for volume detection and

external compression of the wrist arteries; the second part is a measurement—feedback control system 2. In order

to highlight how the present invention achieves continuous blood pressure measurement using the vascular no-

load method without trauma on the wrist, the second part of the measurement-feedback control system 2 in this

embodiment directly uses the measurement in the existing early product Finapres TM 2300. —Feedback control

system.
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First, the first part of the embodiment- the wrist device 1 will be described. As shown in FIG. 2 and FIG. 3, in this

embodiment, volume measurement and external pressure are performed on the flexural artery 11 and the ulnar

artery 12 of the wrist, so as to realize continuous blood pressure measurement of the flexural artery. This wrist

device 1 includes four parts: a flexor artery compression balloon 3. a balloon fixation band 4, a flexure volume

probe 5 and a wrist fixation support 6.

The arterial compression balloon 3 is a flat, circular balloon. In order to ensure that the pressure of this airbag can

be fully transmitted to the depth ofthe radial artery 11, on the one hand, the position of the airbag should be

fixed so that its center can be aligned with the su perficial radial artery of the wrist; on the other hand, The

diameter of this balloon should be sufficiently large, but too large pressure on the other ulnar artery 12 and other

venous vessels simultaneously will increase the volume ofthe balloon, making it difficult to quickly control the

pressure in the balloon, so this diameter can be selected as Half the diameter of the wrist (for example, 30—40mm

for the average adult). In addition, in order to ensure that this airbag 3 does not generate circumferential tension

in its wall due to inflation and affect the effective compression of the flexural artery, the inner wall (wrist) of this

airbag 3 is thin. soft, and has A certain elastic translucent material is made to have a shape protruding inward, and

the wall of the airbag with one circumference and the wall facing outward are made of a material having a certain

hardness.

The airbag fixing strap 4 is used to fix the pressurized airbag 3 at the above—mentioned wrist position. In fact. in

order to simplify the structure, the present embodiment integrates the airbag 3 and the strap 4, that is, a diameter

with a certain thickness and hardness is used, and a diameter is processed on the surface of the wrist facing the

position corresponding to the airbag. A flat round pit having the same diameter as the airbag 3, and then the edge

of the above-mentioned airbag inner wall 7 made of the film is bonded to the edge of the recess of the strap 4 so

that the airbag inner wall 7 made of the film and the The cavity with a certain rigidity on the strap 4 constitutes the

airbag 3 described above. When the blood pressure is continuously measured by the non—invasive method of

blood pressure, the internal pressure of the balloon 3 will be pulsated according to the blood pressure of the

arterial artery It, in order to ensure that the position of the balloon does not occur in any direction under the

action of this large pulsed internal pressure. The self-excited oscillation of the feedback control system is caused

by the beating of the belt. The strap 4 as a whole should have a certain degree of rigidity, and its two ends should

be fixed with non—scalable devices. In this embodiment, both ends of this strap 4 are fixed to the wrist fixing

bracket 6 by Velcro 8. In addition, the material of this strap 4 should also have a certain elasticity, so that when

the wrist is slightly thinned after being continuously pressed for a long time, its resilience can also enable it to

fasten the airbag on the wrist without happening Loose. On the other hand, in order to ensure that the measured

arterial artery is fully compressed by the airbag 3 only, the pressure of the bandage 4 on the other part of the wrist

is reduced as much as possible, so as not to block the other ulnar artery and most of the veins and affect it. For the

blood circulation of the downstream hand, the effective contact area of the strap with the wrist should be greater

than 3 times the compression area of the airbag 3. For this reason, the width of the strap should be as large as
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possible (greater than 50mm for ordinary adults) and the strap should be tied. The shin—facing surface has a

concave—convex shape that fits the wrist.

The arterial volume probe 5 is a reflective photoelectric sensor. In order to facilitate the use of the strap 4 to fix the

probe to the wrist together with the airbag 3, and not to prevent the airbag from clinging to the wrist watch face,

this probe is built into the inside of the airbag. This probe is composed of a light emitting device 9 and a

photoelectric device 10. These two devices 9 and it) are attached to the inner surface of the inner side wall 7 of the

airbag 3 made of a translucent film at intervals of 5-10 mm. When pasting, the light-emitting surface of the light;

emitting device 9 and the light—receiving surface of the optoelectronic device 10 should face the inner surface of

the inner wall 7 of the film, and the line between the two devices 9 and 10 should be perpendicular to the

direction of the tortuous artery, that is, Along the length of the strap: at the same time, align the midpoint of the

line with the center of the inner wall 7 of the film to ensure that when the center of the airbag 3 is aligned with the

superficial flexure ll of the wrist, the two devices 9 and 10 It can be located on both sides of the radial artery on

the skin surface of the wrist, so that the center of the detection range of the volume probe is exactly aligned with

the radial artery. When the volume probe 5 is used to detect changes in the blood vessel volume of the arteries ii,

the light emitted by the light emitting device 9 therein passes through the inner wall 7 of the airbag 3 made of a

translucent film and enters the inside of the wrist. The surrounding soft tissue is reflected into the optoelectronic

device 10. The change in the. volume of the arterial artery 11 will cause the light intensity reflected to the

optoelectronic device l0 to change, so that the output current of the optoelectronic device 10 will change. Thus,

the volume probe 5 will convert the volume of the arterial artery with the change of the blood pressure wave into

The arterial volume pulse wave signal is output.

The wrist fixing support 13 is used to fix the angle of the palm relative to the wrist and the angle ofthe wrist close to

the elbow joint relative to the forearm, so as to ensure that the subject pressurizes the airbag 3 when any physical

movement occurs during the continuous measurement of blood pressure for a long time. The position of the

sum volume probe 5 relative to the arterial artery 11 remains unchanged. At the same time, the use of this fixing

bracket can also distribute the pressure on the back of the wrist of the strap 4 for fixing the airbag. This wrist fixing

bracket 6 is a pallet made of a hard material with a certain strength. its length and width should ensure that it

covers the entire back of the hand from the base ofthe finger to the elbow joint, the hack of the wrist, and the

back half of the forearm. Its shape should ensure that its inner side can match the shape of the back of the hand,

the back of the wrist, and the back of the forearm (thus, in order to adapt to the forearm of different lengths and

thicknesses, several fixed supports need to be made separately). The wrist fixing bracket 6 is fixed with several

small straps 15 with velcro stitches at the ends for binding the forearm, wrist and hand of the subject to the wrist

fixing bracket 6. In order to avoid the uncomfortable subject caused by the rigid support, a pad 16 of soft material

can be glued on the inner side of the support, but this pad should not be too thick and too soft, otherwise it will

affect the wrist fixing effect. At the same time, when the internal pressure of the balloon changes greatly with the

blood pressure, the wrist beats under the pulsating internal pressure of the balloon, so that the feedback control

system generates self-excited oscillation.

11422019 6

597



598

The. following describes how the above—mentioned wrist device 1 is used in this embodiment to perform

continuous blood pressure measurement of the arterial artery without trauma. As shown in FIG. 1, when the

above~mentioned wrist device 1 is used to measure the arterial blood pressure, the wrist device must be

connected to a measurement-feedback control system 2 for the purpose of controlling vascular no—load. In this

embodiment, this measurement-feedback control system 2 uses an early measurement—feedback control system

in the Finafres product for continuous and non—invasive measurement of finger blood pressure based on the

principle of the vascular no—load method. The method of combining is very simple, that is, the leads of the light—

emitting device 9 and the photoelectric device 10in the arterial volume probe 5 in the wrist device 1 are

respectively used with the finger—arterial volume probe in the measu rement-feedback control system of Finapres.

The output end of the light-emitting device power supply (the output end is omitted in FIG. 1) is connected to

the volume signal input end 17 of the photoelectric device, and the airway of the flexor arterial compression

balloon 3 in the wrist device 1 is measured with Finapres ~A voltage—pressure conversion device in a feedback

control system is connected to an air tube 18 that was originally used to supply air to the finger arterial

compression balloon.

When the embodiment consisting of the above—mentioned wrist device 1 and the measurement—feedback control

system 2 in Finapres is used for non—invasive continuous measurement of the arterial blood pressure, the subject's

back, wrist and forearm are first fixed on the wrist In the wrist fixing bracket 6 in the device 1, and then align the

center of the airbag 3 in the wrist device with the shallowest part of the wrist arterial artery 11, the airbag fixing

strap 4 is wound around the wrist, and The two ends of the fixing strap are fixed together with the wrist fixing

bracket 6 by a Velcro 8. After the above fixation and connection are completed, the measurement—reversing

control system 2 enters an automatic working state. Among them, at the beginning of continuous blood pressure

measurement, in order to find and record the volume ofthe subject's arterial llexure in the unloaded state, the

measurement—feedback control system 2 first connects the operating state switch 19 to the "open loop" position.

In this open—loop working state, the volume probe 5 in the wrist device 1 converts the blood vessel volume of the

tlexor artery with the change in blood pressure wave into the flexure artery volume wave, and at the same time,

the airbag pressure setting circuit 20 in the system starts to automatically adjust the supply The voltage of the

voltage—to—pressure converter 21 causes the airbag 3 in the wrist device 1 to begin to pressurize the outside of the

arterial artery 11. As the external pressure oi‘the arterial artery increases, the amplitude and shape of the arterial

volume wave will change. When the amplitude of the arterial volume wave reaches a maximum, it means that the

volume of the arterial artery‘s blood volume with the blood pressure wave has changed up and down in the

volume of the unloaded state of the vessel. At this time, the system will cause the airbag pressure setting circuit 20

to stop the pressure adjustment of the airbag 3, and cause an unloaded volume memory circuit 22 to record the

mean value (DC component) of the llexural artery volume wave at this time as the subject's flexural artery. No—

load state volume V0. After finding and memorizing the unloaded state volume V0 of the subject ’ s arterial

artery, the measurement—feedback control system 2 automatically connects the working state switch 19 to the

"closed loop" position, and gradually increases the gain of the servo amplifier circuit 23, The difference between

the volume wave detected by the volume probe 5 and the volume wave near the unloaded state volume and the

unloaded volume V0 recorded by the unloaded volume memory circuit 22 is subtracted by a comparison circuit
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24 tie, the arterial blood vessel volume) The AC component of the wave is amplified, and the voltage-to-

pressure converter 21 is driven to control the airbag 3 to further apply the same pressure to the flexural artery 11

from the outside as the internal blood pressure waveform, so that the amplitude of the volume wave generated by

the flexural artery with the internal blood pressure wave Began to get smaller. Since the gain of the servo amplifier

circuit 23 is adjusted so that the pressure applied by the balloon 3 to the outside of the flexible artery 11 is not

only in the shape of the waveform, but also the waveform size is completely the same as the blood pressure

waveform inside the flexible artery, that is, the flexible artery blood vessel When the forces on the inner and outer

sides of the wall reach dynamic equilibrium, the vessel wall of the flexural artery will no longer pulsate with the

blood pressure wave in the vessel, and the volume of the llexural artery will be completely embedded in its

unloaded volume V0. Therefore. in the closed—loop working state, as long as the system gradually increases the

gain ofthe servo amplifier circuit 23 and finds the time point when the amplitude of the volume wave of the radial

artery 11 eventually reaches zero, it can be sure that the pressure in the airbag 3 starts to increase. At any time, the

blood pressure in the arterial artery 11 is equal. At this time, the pressure sensor 25 connected to the pressurized

balloon 3 is used to continuously measure the internal pressure of the. pressurized balloon 3 to achieve a non—

invasive continuous measurement of the arterial blood pressure.

The above list is only one embodiment of the present invention. in fact, the present invention can be

implemented and improved in various ways.

For example, selecting one of the two arteries of the wrist for continuous measurement of blood pressure does

not necessarily require selection of the flexural artery. As a second embodiment of the present invention, the

ulnar artery of the wrist can also be selected as the measured artery, and its measurement method It is the same as

Embodiment l. and is not repeated here,

A third embodiment of the present invention is to place a pressurized balloon with a vascular volume probe in it

at a position corresponding to the flexor artery and ulnar artery of the wrist, and a switching device so that they

are arranged at intervals Alternate the volume and external compression of the llexural and ulnar arteries. The

wrist device is shown in Figure 4. This method is more conducive to continuous blood pressure measurement

over a long period of time, because the use of two arteries alternately can avoid the pain and numbness caused by

prolonged compression on one place.

A fourth embodiment of the present invention is shown in FIG. 5. In this embodiment, the wrist fixing bracket is

formed by using multiple brackets. These pallets are connected to each other by an adjustable connection

mechanism (such as a universal joint), so that the wrist fixed pallets assembled by these pallets can be adjusted

into various shapes for subjects with different fat, thin, long and short forearms. Share without having to make

them separately.
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On the other hand, in the above—mentioned embodiment, we. have used a measurement—feedback control system

in Finapres, a device for continuously measuring blood pressure based on the vascular no-load method that is

originally used for lingers, in which the measured arterial volume pulse wave is used Whether the amplitude

reaches the maximum is used as a criterion for judging whether the arterial vessel under test is in an unloaded

state, and a control air pressure is used to control the external pressure applied to the arterial being tested. In fact,

the measurement-feedback control system in the present invention can be other measurement—feedback control

systems that continuously measure blood pressure based on the no—load method of blood vessels. For example, it

can use other criteria (such as the shape of arterial volume waves) to determine The unloaded state of the

measured artery can also be controlled hydraulic pressure to control the external pressure applied to the

measured artery.

in the. above—mentioned embodiment, the wrist device including the externally pressurized balloon of the

measured artery and the volume detecting probe is a separate device. In fact, because the wrist has a large load—

bearing capacity, the pressure sensor. voltageepressure converter, and even the entire control system in the

measurement—feedback control system can be integrated with the above-mentioned wrist device, which can

greatly increase the pressure. The speed of feedback control can further improve the accuracy of blood pressure

measurement, and can reduce the connection and pipeline during use, which is more convenient for clinical

application.
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variation according to pulsation of the patient‘s radial
artery. The supporting meter has two pressing legs
between which the contact portions of the beam are sit-
uated. The distal ends of the pressing legs are also
pressed against the patient‘s arm. The pressing legs
are harder than the radial artery. The interval between
the pressing legs can be altered by handling a microm-
eter head. The contact portions are situated back from
the distal ends of the pressing legs.  
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Description

TECHNICAL FIELD

[0001] The present invention relates to a device for
measuring blood pulse wave, a device for measuring
pulsation, and a pressure measuring device.

TECHNICAL BACKGROUND

[0002] A "blood pulse wave" is the blood pressure
wave, which is pumped out from the heart and propa-
gates through a blood vessel, or the vibration of the
blood vessel wall generated by the blood pressure
wave. Since various medical information, for example,
the vital condition of the heart, can be obtained by
detecting and analyzing blood pulse waves, it has been
carried out to diagnose blood pulse wave by the diag-
nostician‘s sense of touch traditionally in Oriental medi-
cine.

[0003] More specifically, the diagnostician presses the
patient's wrist by his fingers and measures blood pulse
wave of the radial artery by the fingers sense of touch
in Oriental medicine. Due to the finger pressure, the
amplitude of the sensed pulse wave changes, so that
the changing characteristic of the amplitude of pulse
wave can be a diagnostic parameter in the field of Ori-
ental medicine.

[0004] Figs. 22A to 220 respectively show curves indi-
cating amplitude variations of the sensed pulse wave
due to pressure change. These curves are called "ten-
dency curves" in Oriental medicine.
[0005] The tendency curve in Fig. 22A has a peak at
the center thereof. That is, when a medium pressure is
applied to the artery, pulse wave can be detected
clearly. This kind of curve is categorized into a "normal
curve", and this is a characteristic of normal pulse wave
("Ping-mai") obtained from a healthy human body.
[0006] The tendency curve in Fig. 22B has a peak at
the left thereof. This kind of curve is categorized into a
"gradual decrease curve". In this case, pulse wave can
be detected clearly when a weak pressure is applied,
but pulse wave weakens when the applied pressure
rises. This phenomenon is called "Hua" and this kind of
pulse wave is called "Hua-maf‘.
[0007] The tendency curve in Fig. 220 has a peak at
the right thereof. This kind of curve is categorized into
an "gradual increase curve". In this case, pulse wave
can not be detected clearly when a weak pressure is
applied, but it can be detected when the pressure
applied by the diagnostician's finger rises. This phe-
nomenon is called "Xuan" and this kind of pulse wave is
called "Xuan-mai".

[0008] The Hua—mai 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
some kinds of illness. The Xuan—mai is on the other

hand caused by an increase in the tension in the walls
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of the blood vessels because of other kinds of illness.

Thus, the correlation between the given initial pressure
and the wave amplitude is an important factor for evalu-
ating patient's condition in the pulse wave diagnosis.

[0009] However, there are individual differences
among patients. Namely, there are fat patients and thin
patients. In addition, each patient has his or her own
muscular and fat distribution and elasticity in the flesh.
Therefore, although the same pressure is given, the dis-
placement of the organism tissues is dependent on the
individuality. The amplitude of pulse wave relates to the
distance between the skin surface and the blood vessel

when the pressure is applied, and to the configuration of
the pressed blood vessel. ln manual diagnosis by a
skilled diagnostician, he controls the pressure by him-
self, thereby judging that the patient's pulse wave
belongs to Ping-ma], Hua-mai or, Xuan-mai. Therefore,
it is also preferable to optionally adjust the initial pres-
sure given to the measured blood vessel for mechanical
diagnosis.
[0010] Conventionally, devices for measuring blood
pulse wave comprise pressure measuring devices
including pressure sensors, such as piezoelectric ele-
ments or strain gauges, which can be into contact with
the organism's skin, e.g., the, skin portion over the
radial artery. The pressure sensor is strained due to the
stress varying by the pulsation of the blood vessel, and
outputs pulsation signals corresponding to the stress
fluctuations.

[0011] In order to measure pulse wave under stable
condition, these pressure measuring devices should be
pressed against the organism's skin at a pressure. As
disclosed in JP-A-4-102438, JP-A-4-108424, JP-A-4-

67839, and JP-A-4-67840, pressure measuring devices
are usually mounted on cuffs which are elastic bags
wound around the patients' arms, and are pressed on
the organisms' surfaces by compulsorily introducing air
into the cuffs.

[0012] However. it is difficult to adjust the initial pres-
sure on the blood vessel using with such cuffs for press-
ing the pressure measuring devices on the organisms'
surfaces since the flat surfaces of the cuffs transform

the tissues in the vicinity of the blood vessels as well as
the blood vessels. Even If the same pressure is applied
to the cuff, the pressure in the blood vessel is not solely
determined. Furthermore, the pressure measuring
device mounted on the cuff is difficult to be accurately
positioned above the blood vessel, e.g., the radial
artery.
[0013] Another type of blood pulse wave measuring
device comprises a pen-like holder and a pressure sen-
sor mounted on the end of the holder. The pressure
sensor is into contact with the patient's skin, e.g., the
vicinity of the radial artery, and measures pulse wave
according to the pulsation of the blood vessel.
[0014] Another type of blood pulse wave measuring
device comprises a rubber glove and a strain gauge
mounted on the finger sheath of the glove. The diagnos-
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tician wears the rubber glove and presses the strain
gauge against the skin over the radial artery of the
patient using with his finger, whereby the strain gauge
detects blood pulse wave.

[0015] It is necessary for the diagnostician to hold the
sensor above the radial artery of the patient when using
such a blood vessel measuring device with the pen-like
holder or rubber glove. However, since it is difficult for
the diagnostician to continuously hold the sensor,
mounted on the finger sheath or the pen end, above the
radial artery, the sensor may move from the desirable
position above the radial artery and may not measure
accurately. If physiological status of organism is ana-
lyzed on the basis of inaccurate results obtained by
such a measuring device. the analysis may contain
some errors.

[0016] Accordingly, a pulse wave measuring device
with an automatic positioner is proposed in JP-A-1-
155828. In the device, while the sensor is moved across
the line along the blood vessel, pulse wave is measured
at a plurality of positions. The amplitude and other char-
acteristics are analyzed over these positions, so that the
best position directly above the blood vessel is
detected. Then, the sensor is fixed at the best position
to measure blood pulse wave.
[0017] However, the technique disclosed in JP-A-1-
155828 needs a driver for moving the sensor, and
devices for automatically determining the best measur-
ing position. Therefore, the entire device should be
enlarged.
[0018] It is therefore an object of the present invention
to provide blood pulse wave measuring device and a
pulsation measuring device, in which a pressure sensor
or pulsation sensor can be positioned accurately on the
measured subject, and the initial pressure given to the
measured subject can be readily and desirably
adjusted.
[0019] Another object of the present invention is to
provide a pressure measuring device in which the
energy loss can be reduced.

DISCLOSURE OF INVENTION

[0020] According to the present invention, a pulse
wave measuring device for measuring pulse wave at a
blood vessel of an organism, comprises: a vessel press-
ing portion being pressed against a skin over the blood
vessel of the organism; a pulsation measuring sensor
for measuring pulsation of the blood vessel pressed by
the vessel pressing portion; two vessel-vicinity pressing
portions being harder than the blood vessel of the
organism and having distal ends, respectiver the distal
ends being pressed against the skin of the organism at
both sides of the vessel pressing portion; and adjusting
means for adjusting an interval between the vessel-
vicinity pressing portions.
[0021] In accordance with this pulse wave measuring
device, since the interval between two vessel-vicinity
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pressing portions is adjusted by the adjusting means,
the vessel-vicinity pressing portions can be positioned
on softer skin parts at both sides of the measured blood
vessel and press down the softer parts, whereby the
pulsation measuring sensor can be readily positioned in
relation to the blood vessel. In addition, since two ves-

sel-vicinity pressing portions, which are harder than the
blood vessel, press down the softer skin parts at both
sides of the blood vessel, the initial pressure on the
blood vessel given by the vessel pressing portion may
be altered desirably. Since the interval between the ves-
sel-vicinity pressing portions is adjusted, effect by skin
tension can be constant, whereby the initial pressure
may be altered more precisely.

[0022] In another aspect of the present invention, a
pulse wave measuring device for measuring pulse wave
at a blood vessel of an organism, comprises: a vessel
pressing portion being pressed against a skin over the
blood vessel of the organism; a pulsation measuring
sensor for measuring pulsation of the blood vessel
pressed by the vessel pressing portion; and two vessel-
vicinity pressing portions being harder than the blood
vessel of the organism and having distal ends, respec-
tively, the distal ends being pressed against the skin of
the organism at both sides of the vessel pressing por-
tion, the vessel pressing portion being situated back
from the distal ends of the vessel-vicinity pressing por-
tions.

[0023] In accordance with this pulse wave measuring
device, since the vessel pressing portion is situated
back from the distal ends of the vessel-vicinity pressing
portions, the blood vessel, which is harder than circum-
ferential tissues, can be positioned between the vessel-
vicinity pressing portions, whereby the vessel pressing
portion can be readily positioned directly above the
measured vessel. In addition, since two vessel-vicinity
pressing portions, which are harder than the blood ves-
sel, press down the softer skin parts at both sides of the
blood vessel, the initial pressure on the blood vessel
given by the vessel pressing portion may be altered
desirably.
[0024] In another aspect of the present invention, a
pulse wave measuring device for measuring pulse wave
at a blood vessel of an organism, comprises: a beam
supported by a support; a plurality of vessel pressing
portions provided at the beam and arranged at intervals
along a direction of the blood vessel of the organism,
each of the vessel pressing portion being pressed
against a skin over the blood vessel of the organism; a
plurality of pressure sensors respectively corresponding
to the vessel pressing portions, each of the pressure
sensors outputting a pulse wave signal according to var-
ying stress transmitted from the corresponding vessel
pressing portion because of pulse wave of the blood
vessel; and two vessel-vicinity pressing portions being
harder than the blood vessel of the organism and having
distal ends, respectively, the distal ends being pressed
against the skin of the organism at both sides of the ves-
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sel pressing portions.

[0025] In accordance with this pulse wave measuring
device, since two vessel-vicinity pressing portions,
which are harder than the blood vessel, press down the
softer skin parts at both sides of the blood vessel. the
pulsation measuring sensor can be readily positioned in
relation to the blood vessel and the initial pressure on
the blood vessel given by the vessel pressing portion
may be altered desirably. Furthermore, by means of the
multiple number of pressure sensors, pulse waves
transmitted respectively through the multiple number of
vessel pressing portions can be measured, whereby the
patient may be diagnosed in detail.
[0026] In another embodiment of the present inven-
tion, a pulse wave measuring device may comprise: a
supporting member; a perpendicular sliding member
which is supported by the supporting member and slid-
able perpendicularly in relation to the supporting mem-
ber; measuring means situated at the perpendicular
sliding member for measuring pulse wave at a blood
vessel of an organism; and first and second toothed
portions formed at mutual sliding faces of the support-
ing member and the perpendicular sliding member,
respectively and meshed with each other.
[0027] In accordance with this pulse wave measuring
device, the diagnostician manually handles the perpen-
dicular sliding member, so that the measuring means is
positioned in relation to the measured subject. Accord-
ingly, although the entire device is of a simple construc-
tion without driving device and so on, accurate
measurement may be achieved. In addition, after start-
ing the measurement, the measuring means is pre-
vented from being moved, so that accurate
measurement may be achieved.
[0028] In another embodiment of the present inven-
tion, a pulse wave measuring device may comprise: a
supporting member; a transverse sliding member which
is supported by the supporting member and slidable
transversely in relation to the supporting member; a
perpendicular sliding member which is supported by the
transverse sliding member and slidable perpendicularly
in relation to the transverse sliding member; measuring
means situated at the perpendicular sliding member for
measuring pulse wave at a blood vessel of an organism;
third and fourth toothed portions formed at mutual slid-
ing faces of the supporting member and the transverse
sliding member, respectively and meshed with each
other; and fifth and sixth toothed portions formed at
mutual sliding faces of the transverse sliding member
and the perpendicular sliding member, respectively and
meshed with each other.

[0029] In another embodiment of the present inven-
tion, a pulse wave measuring device may comprise; a
supporting member; a perpendicular sliding member
which is supported by the supporting member and slid-
able perpendicularly in relation to the supporting mem-
ber; a transverse sliding member which is supported by
the perpendicular sliding member and slidable trans-
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versely in relation to the perpendicular sliding member;
measuring means situated at the transverse sliding
member for measuring a pulse wave at a blood vessel of
an organism; seventh and eighth toothed portions
formed at mutual sliding faces of the supporting mem-
ber and the perpendicular sliding member, respectively
and meshed with each other; and ninth and tenth

toothed portions formed at mutual sliding faces of the
perpendicular sliding member and the transverse slid-
ing member, respectively and meshed with each other.

[0030] In another embodiment of the present inven-
tion, a pulse wave measuring device may comprise: a
supporting member; a transverse sliding member which
is supported by the supporting member and slidable
transversely in relation to the supporting member, a
screw hole being formed perpendicularly at the trans-
verse sliding member; eleventh and twelfth toothed por-
tions formed at mutual sliding faces of the supporting
member and the transverse sliding member, respec-
tively and meshed with each other; a perpendicular slid-
ing member which is screwed in the screw hole of the
transverse sliding member and movable perpendicu-
larly to the transverse sliding member by rotation; and
measuring means situated at the perpendicular sliding
member for measuring pulse wave at a blood vessel of
an organism.
[0031] According to the present invention, a pulsation
measuring device for measuring pulsation at a meas-
ured subject of a measured thing, comprises: a subject
pressing portion being pressed against a covering over
the measured subject of the measured thing; a pulsa-
tion measuring sensor for measuring pulsation of the
measured subject pressed by the subject pressing por-
tion; two subject-vicinity pressing portions being harder
than the measured subject of the measured thing and
having distal ends, respectively, the distal ends being
pressed against the covering of the measured thing at
both sides of the subject pressing portion; and adjusting
means for adjusting an interval between the subject-
vicinity pressing portions.
[0032] In another aspect of the present invention, a
pulsation measuring device for measuring pulsation at a
measured subject of a measured thing, comprises: a
subject pressing portion being pressed against a cover-
ing over the measured subject of the measured thing; a
pulsation measuring sensor for measuring pulsation of
the measured subject pressed by the subject pressing
portion; and too subject-vicinity pressing portions being
harder than the measured subject of the measured
thing and having distal ends, respectively, the distal
ends being pressed against the covering of the meas-
ured thing at both sides of the subject pressing portion,
the subject pressing portion being situated back from
the distal ends of the subject-vicinity pressing portions.
[0033] In another aspect of the present invention, a
pulsation measuring device for measuring pulsation at a
measured subject of a measured thing, comprises: a
beam supported by a support; a plurality of subject
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pressing portions provided at the beam and arranged at
intervals along a direction of the measured subject of
the measured thing, each of the subject pressing por-
tion being pressed against a covering over the meas-
ured subject of the measured thing; a plurality of
pressure sensors respectively corresponding to the
subject pressing portions. each of the pressure sensors
outputting a pulsation signal according to varying stress
transmitted from the corresponding subject pressing
portion because of the pulsation of the measured sub-
ject; and two subject-vicinity pressing portions being
harder than the measured subject of the measured
thing and having distal ends, respectively, the distal
ends being pressed against the covering of the meas-
ured thing at both sides of the subject pressing portions.

[0034] In another embodiment of the present inven-
tion, a pulsation measuring device may comprise: a
supporting member; a perpendicular sliding member
which is supported by the supporting member and slid-
able perpendicularly in relation to the supporting mem-
ber; measuring means situated at the perpendicular
sliding member for measuring pulsation at a measured
subject of a measured thing; and first and second
toothed portions formed at mutual sliding faces of the
supporting member and the perpendicular sliding mem-
ber, respectively and meshed with each other.
[0035] In another embodiment of the present inven-
tion, pulsation measuring device may comprise: a sup-
porting member; a transverse sliding member which is
supported by the supporting member and slidable
transversely in relation to the supporting member; a
perpendicular sliding member which is supported by the
transverse sliding member and slidable perpendicularly
in relation to the transverse sliding member; measuring
means situated at the perpendicular sliding member for
measuring pulsation at a measured subject of a meas-
ured thing; third and fourth toothed portions formed at
mutual sliding faces of the supporting member and the
transverse sliding member, respectively and meshed
with each other; and fifth and sixth toothed portions
formed at mutual sliding faces of the transverse sliding
member and the perpendicular sliding member, respec-
tively and meshed with each other.
[0036] In another embodiment of the present inven-
tion, a pulsation measuring device may comprise: a
supporting member; a perpendicular sliding member
which is supported by the supporting member and slid-
able perpendicularly in relation to the supporting mem-
ber; a transverse sliding meter which is supported by
the perpendicular sliding member and slidible trans-
versely in relation to the perpendicular sliding member;
measuring means situated at the transverse sliding
member for measuring pulsation at a measured subject
of a measured thing; seventh and eighth toothed por-
tions formed at mutual sliding faces of the supporting
member and the perpendicular sliding member, respec-
tively and meshed with each other; and ninth and tenth
toothed portions formed at mutual sliding faces of the
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perpendicular sliding member and the transverse slid-
ing member, respectively and meshed with each other.

[0037] In another embodiment of the present inven-
tion, a pulsation measuring device may comprise: a
supporting member; a transverse sliding member which
is supported by the supporting member and slidable
transversely in relation to the supporting member, a
screw hole being formed perpendicularly at the trans-
verse sliding member; eleventh and twelfth toothed por-
tions formed at mutual sliding faces of the supporting
member and the transverse sliding member, respec-
tively and meshed with each other; a perpendicular slid-
ing member which is screwed in the screw hole of the
transverse sliding member and movable perpendicu-
larly to the transverse sliding member by rotation; and
measuring means situated at the perpendicular sliding
member for measuring pulsation at a measured subject
of a measured thing.
[0038] According to another aspect of the present
invention, a pressure measuring device comprises: a
beam having at least one proximel portion supported by
a support; a subject pressing portion provided at the
beam and pressed against a measured subject; and a
piezoelectric element mounted on the beam for output-
ting an electric signal according to varying stress trans-
mitted from the subject pressing portion, the beam
including a thinner portion formed between the proximal
portion and the subject pressing portion, the thinner
portion being thinner than other portions of the beam,
the piezoelectric element being longer than the thinner
portion and mounted on the thinner portion entirely and
on another portion partially, which is closer to the proxi-
mal portion or subject pressing portion than the thinner
portion.
[0039] In this pressure measuring device, since the
piezoelectric element is longer than the thinner portion
to be mounted on another portion in addition to the thin-
ner portion, strain energy accumulated in the piezoelec-
tric element can be enhanced. Therefore, the current

generated by the piezoelectric element can be
increased in comparison with prior art.
[0040] In another aspect of the present invention, a
pressure measuring device comprises: a beam having
at least one proximal portion supported by a support; a
subject pressing portion provided at the beam and
pressed against a measured subject; and a piezoelec-
tric element mounted on the beam for outputting an
electric signal according to varying stress transmitted
from the subject pressing portion, an area of cross sec-
tion of the thinner portion of the beam, on which the pie-
zoelectric element is mounted, being equal to or less
than 60% of an area of total cross section of the thinner

portion and the piezoelectric element mounted thereon.
[0041] In accordance with this pressure measuring
device, since the area of cross section of the beam is

not large in relation to that of the piezoelectric element
mounted thereon, strain energy accumulated in the
beam is diminished and strain energy in the piezoelec-
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tric element is relatively enhanced. Therefore, electric
energy converted from the strain energy by the piezoe-
lectric element can be relatively increased, whereby
amplitude of the output signal from the piezoelectric ele-
ment can be enlarged.

BRIEF DESCRIPTION OF DRAWINGS

[0042] Various embodiments will be described below
with reference to the accompanying drawings. In the
accompanying drawings:

Fig, 1 is a perspective view showing a pulse wave
measuring device according to a first embodiment
of the present invention;
Fig. 2A is a front view showing one of pulse wave
measuring units of the pulse wave measuring
device in Fig. 1;
Fig. 2B is a left side view of Fig. 2A;
Fig. 3 is a rear view showing the pulse wave meas-
uring unit in Fig. 2A;
Fig. 4 is a perspective view showing the pulse wave
measuring unit in Fig. 2A;
Fig. 5 is a bottom view showing the pulse wave
measuring unit in Fig. 2A;
Fig. 6A is a front view showing a pressure measur-
ing device of the pulse wave measuring unit in Fig.
2A;

Fig. GB is a left side view of Fig. 6A;
Fig. 6C is a bottom view of Fig. 6A;
Fig. 7 is a front view showing the pulse wave meas-
uring unit in Fig. 2A when pressing legs (vessel
vicinity pressing portions) thereof are in contact
with the patient's arm at a sill pressure;
Fig. 8 is a front view showing balance of forces
exerted in the contact portion (vessel pressing por-
tion) of the pulse wave measuring unit in Fig. 2A
and in the patient's arm;
Fig. 9 is a graph showing mutual relationship
between the displacement of the pressing legs of
the pulse wave measuring unit in Fig. 2A and the
skin tension exerted in the patient‘s arm;
Fig. 10 is a front view showing important parts of a
pulse wave measuring device according to a sec-
ond embodiment of the present invention;
Fig. 11A is a conceptual diagram for describing the
correlation between entering light intensity and exit-
ing light intensity according to Lambert-Beer law
when the material distance through which light
passes is AL;
Fig. 118 is a conceptual diagram for describing the
correlation between entering light intensity and exit-
ing light intensity according to Lambert-Beer law
when the material distance through which light
passes is 5AL;
Fig. 12 is a graph showing an example of variation
of light absorption while time passes when outside
light is entered to a part of a human body including
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blood vessels;

Fig. 13 is a graph showing an example of distribu-
tion of blood pressure in various parts of a human
body;
Fig. 14 is a front view showing important parts of a
pulse wave measuring device according to a variant
of the second embodiment of the present invention;
Fig. 15 is a side view shoving a pulse wave meas-
uring device according to a third embodiment of the
present invention;
Fig. 16 is a front view showing a pulse wave meas-
uring device according to a fourth embodiment of
the present invention;
Fig. 17 is a diagram showing the blood circulation
system of a human body, especially showing arter-
ies and veins;
Fig. 18 is a diagram showing an output circuit, in
which the output signals from the pressure sensors
of the pulse wave measuring unit are amplified, of
the first embodiment;
Fig. 19 is a graph showing a pulse waveform ampli-
fied by the output circuit shown in Fig. 18;
Fig. 20 is a cross sectional view showing the pres-
sure measuring device taken along line XX-XX in
Fig. 6A;
Fig. 21 is a graph showing variation of the electro-
mechanical coupling factor of the pressure measur-
ing device in relation to the relative thickness of the
thinner portions of the beam in the pressure meas-
uring device shown in Fig. 6A;
Fig. 22A is a graph showing a tendency curve of
Ping—mai indicating amplitude variations of human
pulse wave due to pressure change given to human
skin;

Fig. 22B is a graph showing a tendency curve of
Hua-mai;

Fig. 220 is a graph showing a tendency curve of
Xuan-mai;

Fig. 23 is a perspective view showing a pulse wave
measuring device according to a fifth embodiment
of the present im/ention;
Fig. 24 is a side view showing the pulse wave
measuring device in Fig. 23;
Fig. 25 is a front view taken along line XXV-XXV in
Fig. 24;
Fig. 26 is a perspective view showing a variant of
the pulse wave measuring device according to the
fifth embodiment, in which an arm holder is altered;

Fig. 27 is a perspective view showing another vari-
ant of the pulse wave measuring device according
to the fifth embodiment, in which an arm holder is
altered;
Fig. 28 is an enlarged side view showing the con-
nection of the supporting member and the trans-
verse sliding member of the pulse wave measuring
device according to the fifth embodiment;
Fig. 29 is a block diagram showing structural ele-
ments for showing pulse waveform in a monitor dis-
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play according to the signals from the pulse wave
measuring device of the fifth embodiment;

Fig. 30 is an illustration showing usage of the pulse
wave measuring device;
Fig. 31 is a side view showing a variant of the pulse
wave measuring device according to the fifth
embodiment;

Fig. 32 is a side view showing another variant of the
pulse wave measuring device according to the fifth
embodiment;
Fig. 33 is a side view showing another variant of the
pulse wave measuring device according to the fifth
embodiment;

Fig. 34 is a side view shoving the pulse wave meas-
uring device according to the sixth embodiment of
the present invention;
Fig. 35 is a front view taken along line XXXV-XXXV
in Fig. 34;
Fig. 36 is a bottom view taken along line XXXVI-
XXXVI in Fig. 34;
Fig. 37 is a side view showing the pulse wave
measuring device in Fig. 34 in which the diagnosti-
cian is adjusting the position of the sensor;
Fig. 38 is a side view showing the pulse wave
measuring device according to the seventh embod-
iment of the present invention;
Fig. 39 is a front view taken along line XXXIX-
XXXIX in Fig. 39;
Fig. 40 is a bottom view showing a variant of a fin-
ger-insertion member, which may be used in any of
the sixth and seventh embodiments;

Fig. 41 is a bottom view showing another variant of
a finger-insertion member, which may be used in
any of the sixth and seventh embodiments;
Fig. 42 is a bottom view showing another variant of
a finger-insertion member, which may be used in
any of the sixth and seventh embodiments;
Fig. 43 is a bottom view showing another variant of
a finger-insertion member, which may be used in
any of the sixth and seventh embodiments;
Fig. 44 is a front view showing the pulse wave
measuring device according to the sixth embodi-
ment, in which the finger-insertion member is
replaced by that shown in Fig. 43, whereby the
diagnostician directly touches the patient's arm and
searches the measured position;
Fig. 45 is a front view showing a variant of the pulse
wave measuring device according to any of the fifth
through seventh embodiments, in which supporting
members are modified; and
Fig. 46 is a front view showing another variant of
the pulse wave measuring device according to any
of the fifth through seventh embodiments, in which
supporting members are modified.
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BEST MODE FOR CARRYING OUT INVENTION

1. FIRST EMBODIMENT

1-1. STRUCTURE OF PULSE WAVE MEASURING
DEVICE OF FIRST EMBODIMENT

 

[0043] As shown in Fig. 1, a pulse wave measuring
device 1 according to a first embodiment of the present
invention comprises a stand 2 placed on a flat plane and
three pulse wave measuring units 3, which are of the
same type as one another, supported by the stand 2.
The stand 2 includes a vertically standing shaft 2a, and
an arm 2b connected to the shaft 2a. A bracket 4 is

arranged at the distal end of the arm 2b.
[0044] The height of the proximal end of the arm 2b
can be adjusted in relation to the shaft 2a. The arm 2b
is rotatable about the shaft 2a, so that the direction of

the arm 2b in a horizontal plane can be adjusted. In
addition, the arm 2b can be swiveled in a vertical plane,
and the direction of the arm 2b in the vertical plane can
be adjusted. These adjusting mechanisms are known,
so that the description thereof is omitted. By the above-
mentioned adjustment of the stand 2, the position of the
bracket 4 may be adjusted. However, other mounting
means may be adapted instead of the stand 2 as long
as the position of the bracket 4 can be adjusted.
[0045] An arm support 5 is utilized for the pulse wave
measuring device 1. The arm support 5 is of a substan-
tially rectangular block shape having a planar upper sur-
face 5a. An upwardly opening hollow 5b is formed at the
arm support 5 while an upwardly projecting wall 50 is
formed in the vicinity of the hollow 5b. A cylindrical rod 6
is mounted on the projecting wall So, so as to extending
over the hollow 5b and parallel to the upper surface 5a.
[0046] A human patient's arm (measured thing) 7 is
placed on the upper surface 5a of the arm support 5 in
such a manner that the patient's hand 8 is situated
below the rod 6 and the palm is oriented upward. In this
condition, the hand 8 may be inclined slightly downward
from the wrist so as to be positioned within the hollow
5b. Accordingly, as long as the patient does not move
the arm 7 intentionally, the arm 7 is stabled at the illus-
trated position. Above the arm 7 placed on the upper
surface 5a, three pulse wave measuring units (pulsation
detecting devices) 3 are arranged by adjusting the stand
2. The pulse wave measuring units 3 measures the
pulse waves at three portions called "Sunn", "kann",
and "Syaku" in Oriental medicine, respectively.
[0047] Figs. 2A, 2B, 3, and 4 show one of the pulse
wave measuring unit 3. The single pulse wave measur-
ing unit 3 comprises a supporting member 10 and a
pressure measuring device 80 supported in a cantilever
manner by the supporting member 10. As will be
described later, two pressing legs (vessel-vicinity press-
ing portions or subject-vicinity pressing portions) 68 and
72 are formed at the supporting member 10. The press-
ing legs 68 and 72 are oriented toward and are pressed
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against the patient‘s arm 7.

[0048] The supporting member 10 comprises a
mounting plate 11 which is a substantially rectangular
planar plate. As shown in Fig. 1, the mounting plate 11
is secured to the bracket 4 by screws 13, and the sup-
porting member 10 is arranged in a vertical plane. The
mounting plates 11 of three pulse wave measuring units
3 are parallel to one another. As illustrated In Figs. 2A,
2B, 3, and 4, a pair of through-holes 12, through which
the screws 13 are inserted, are formed at the upper por-
tion of the mounting plate 11.
[0049] At the lower portion of the mounting plate 11, a
circular penetrating opening 14 is formed. Four screws
15 arranged around the opening 14 secure a first per-
pendicular sliding plate 16 to the mounting plate 11. The
first perpendicular sliding plate 16, which is a substan-
tially rectangular planar plate, is provided with a perpen-
dicular guidance groove 17 at the side which is opposite
to the mounting plate 11.
[0050] At the side, which is opposite to the mounting
plate 11, of the first perpendicular sliding plate 16, a
second perpendicular sliding plate 18 is arranged in a
manner that the second sliding plate 18 is slidable in
relation to the first slidable plate 16. The second per-
pendicular sliding plate 18 is also a substantially rectan-
gular planar plate. A pair of parallel rails 19 and 20 are
fixed at the side, facing to the first slidable plate 16, of
the second sliding plate 18. The rails 19 and 20 are put
into the perpendicular guidance groove 17 of the first
perpendicular sliding plate 16, so that the second per-
pendicular sliding plate 18 is slidable along the vertical
or perpendicular direction in relation to the first perpen-
dicular slidable plate 16. A mechanism is provided for
preventing the first and second sliding plates 16 and 18
from being separated from each other (not shown).
[0051] Pins 21 and 22 are arranged in the space
between the rails 19 and 20. The upper pin 21 isfixed to
the second slidable plate 18 while the lower pin 22 is
fixed to the first slidable plate 16. Hooks formed at both
ends of a coil spring 23 are hung on the pins 21 and 22,
respectively. Therefore. the second perpendicular slida-
ble plate 18 is always pulled downwardly.
[0052] As shown in Figs. 2A and 3, an L-shaped
bracket 25 is secured to the second perpendicular slid-
ing plate 18 by screws 24 while another L-shaped
bracket 27 is secured to the first perpendicular sliding
place 16 by screws 26. The bent distal end 25a of the L-
shaped bracket 25 projects frontward in Fig. 2A while
the bent distal end 27a of the bracket 27 projects rear-
ward in Fig. 2A, so that the ends 25a and 27a overlap
with each other in a vertical line.

[0053] The sleeve 29 of a micrometer head 28 is fixed
to the distal end 25a of the L-shaped bracket 25 by a nut
30. The micrometer head 28 is of a known configuration
comprising the sleeve 29, a thimble 31, and a spindle
32.

[0054] On the other hand, a headless screw 34 is
screwed in the distal end 27a of the L-shaped bracket
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27 and is fixed by a nut 35 temporarily. The spindle 32
of the micrometer head 28 and the headless screw 34

are aligned coaxially. Since the coil spring 23 pulls the
first perpendicular sliding plate 18 downward, the end
face of the spindle 32 is always in contact with the upper
end face of the screw 34.

[0055] With such a structure, when the thimble 31 of
the micrometer head 28 is revolved about the axis

thereof, the spindle 32 extends or contracts. When the
spindle 32 extends, the second sliding plate 18 is raised
up overcoming the force of the coil spring 23 since the
headless screw 34 is secured to the fixed first sliding
plate 16. Conversely, when the spindle 32 contracts, the
second sliding plate 18 is lowered in relation to the first
sliding plate 16 by the force of the coil spring 23. Fig. 7
shows the second sliding plate 18 raised in comparison
with the status shown in Fig. 2A. The displacement of
the second sliding plate 18 can be measured using with
the dials of the thimble 31 and sleeve 29 of the microm-
eter head 28 in a known manner.

[0056] Two protruding pins 36 are attached to the side
surface, which is opposite to the micrometer bead 28, of
the first sliding plate 16. A narrow plate 37 bridging
between the pins 36 are fixed to the pins 36 by screws
38. The narrow plate 37 is held in the vertical groove
39a in a holding block 39 of a rectangular block shape
that is attached to the second sliding plate 18. A fasten-
ing screw 40 is screwed in the holding block 39, and can
tightly fasten the arrow plate 37 in the vertical groove
39a when the screw 40 is revolved. In summary, after
the height of the second sliding plate 18 is adjusted by
handling the micrometer head 28, the height is main-
tained by fastening the screw 40. Before the height of
the second sliding plate 18 is adjusted by handling the
micrometer head 28, it is necessary to loosen the screw
40 in order that the arrow plate 37 be freed from the
holding block 39.
[0057] As shown in Figs. 2B and 3, a connecting plate
42 is secured by screws 41 to the side, which is oppo-
site to the first sliding plate 16, of the second sliding
plate 18. The connecting plate is of a length in the verti-
cal direction greater than the double of the length of the
second sliding plate 18. Circular penetrating openings
43 are formed at upper and lower positions of the con-
necting plate 42.
[0058] A first horizontal or transverse sliding plate 44,
which is of a substantially rectangular planar shape. is
fixed to the connecting plate 42 by the screws 45. A hor-
izontally extending guidance groove 46 is formed at the
side, which is opposite to the connecting plate 42, of the
first transverse gliding plate 44.
[0059] At the side, which is opposite to the connecting
plate 42, of the first transverse sliding plate 44, a sec-
ond horizontal or transverse sliding plate 47 is arranged
in a manner that the second transverse sliding plate 47
is slidable in relation to the first transverse slidable plate
44. The second transverse sliding plate 47 is also a sub-
stantially rectangular planar plate. A pair of parallel rails
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48 and 49 are fixed at the side, facing to the first trans-
verse slidable plate 44, of the second transverse sliding
plate 47. The rails 48 and 49 are put into the horizontal
guidance groove 46 of the first transverse sliding plate
44, so that the second transverse sliding plate 47 is sli-
dable along the transverse direction in relation to the
first transverse slidable plate 44. A mechanism is pro-
vided for preventing the first and second sliding plate 44
and 47 from being separated from each other (not
shown).

[0060] Pins 50 and 51 are arranged in the space
between the rails 48 and 49. The pin 50 is fixed to the
second slidable plate 47 while the other pin 51 is fixed to
the first slidable plate 44. Hooks formed at both ends of
a coil spring 52 are hung on the pins 50 and 51, respec-
tively, Therefore, the second transverse slidable plate
47 is always pulled Ieftwardly in Fig. 2A.
[0061] As shown in Fig. 2A and 3, an L-shaped
bracket 54 is secured to the first transverse sliding plate
44 by screws 53 while another L-shaped bracket 56 is
secured to the second transverse sliding plate 47 by
screws 55. The bent distal end 54a of the L-shaped
bracket 54 projects frontvvard in Fig. 2A while the bent
distal end 56a of the bracket 56 projects reanivard in Fig.
2A, so that the ends 54a and 56a overlap with each
other in a horizontal line.

[0062] The sleeve 58 of a micrometer bead (adjusting
means) 57 is fixed to the distal end 56a of the L-shaped
bracket 56 by a nut 59. The micrometer head 57 com-
prises the sleeve 58, a thimble 60, and a spindle 61, as
similar to the micrometer head 28.

[0063] On the other hand, a headless screw 63 is
screwed in the distal end 54a of the L-shaped bracket
54 and is fixed by a nut 64 temporarily. The spindle 61
of the micrometer head 57 and the headless screw 63

are aligned coaxially. Since the coil spring 52 pulls the
second transverse sliding plate 47 leftward in Fig. 2A,
the end face of the spindle 61 is always in contact with
the end face of the screw 63. To clarify the structure, the
pulse wave measuring unit 3 viewed from a lower posi-
tion is shown in Fig. 5.
[0064] With such a structure, when the thimble 60 of
the micrometer head 57 is revolved about the axis

thereof, the spindle 61 extends or contracts. When the
spindle 61 extends, the second sliding plate 47 is
moved rightward in Fig. 2A overcoming the force of the
coil spring 52. Conversely, when the spindle 61 con-
tracts, the second sliding plate 47 is moved leftward in
Fig. 2A in relation to thefirst sliding plate 44 by the force
of the coil spring 52. Fig. 7 shows the second sliding
plate 47 is moved leftward in comparison with the status
shown in Fig. 2A. The displacement of the second slid-
ing plate 47 can be measured using with the dials of the
thimble 60 and sleeve 58 of the micrometer head 57.

[0065] A rectangular notch 42a is formed at the lower
end of the connecting plate 42, so that the dials of the
micrometer head 57 can be seen through the notch 42a.
As shown in Fig. 2A, a bent first pressing plate 65 is
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secured to the right side face and the lower end face of
the connecting plate 42. The first pressing plate 65 com-
prises a vertical portion 66 secured to the right side face
of the connecting plate 42, a horizontal portion bent per-
pendicularly from the lower end of the vertical portion
66, and a first pressing leg 68 bent obliquely and down-
wardly from the horizontal portion 67. As shown in Fig.
3, the horizontal portion 67 is secured to the lower end
face of the connecting plate 42 while the lower end por-
tion of the first pressing legs 68 is bent and oriented
downwardly.

[0066] In addition, a second pressing plate 70 is
secured to the second transverse sliding plate 47 by
screws 69. The second pressing plate 70 comprises a
planar mounting portion 71 secured to a front surface of
the second transverse sliding plate 47 in Fig. 2A, and a
planar second pressing leg 72 bent perpendicularly
from the mounting portion 71. The lower portion of the
second pressing leg 72 is of a width greater than that of
the upper portion, and faces to the first pressing leg 68.
The lower end portion of the second pressing leg 68 is
bent obliquely and downwardly. Since the second trans-
verse sliding plate 47 is moved transverse in relation to
the first transverse sliding plate 44 as described above,
the interval between the pressing legs 68 and 72 is
adjusted.
[0067] As shown in Fig. 2A, the pressing legs 68 and
72 may be into contact with the skin of the patient‘s arm
7, especially, both side positions of the radial artery
(measured subject) 100. In Fig. 2A, a cross section of
the arm 7 is shown for clearly indicating the radius 101,
ulna 102, brachioradialis tendon 103, and flexor carpi
radial is tendon 104. The first leg 68 presses the softer
or more elastic part between the radial artery 100 and
the flexor carpi radialis tendon 104 while the second leg
72 presses the softer or more elastic part between the
radial artery 100 and the brachioradialis tendon 103. In
the organism's superficial portion, since the vicinity of
blood vessels and tendons has less elasticity and other
parts have greater elasticity, the pressing legs 68 and
72 press down the softer parts.
[0068] The structural elements of the supporting
member 10, Le, the mounting plate 11, the first and
second perpendicular sliding plates 16 and 18, the con-
necting plate 42, the first and second transverse sliding
plates 44 and 47, and the first and second pressing
plates 65 and 70 are manufactured of a metal. However,
these elements may be made of another material, such
as hard plastics, as long as the material has hardness
greater than that of the blood vessel or measured sub-
ject (radial artery in this embodiment).
[0069] The horizontal portion 67 of the first pressing
plate 65 supports a pressure measuring device 80 com-
prising a beam 81 supported by the horizontal portion
67 in a cantilever manner, and piezoelectric elements
(pulsation measuring sensors or pressure sensors) 82
adhered on the beam 81. The beam 81 is of a substan-

tially L-shaped configuration comprising a planar sup-
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ported portion 85, which is a proximal portion secured
to the horizontal portion 67; and a contact portion (ves-
sel pressing portion or measured subject pressing por-
tion) 86, which is perpendicularly bent from the
supported portion 85. The center of the supported por-
tion of the beam 81 is affixed to the horizontal portion 67
by a bolt 83 and nut 84 while the end of the supported
portion is pinched between a jaw plate 84a and the hor-
izontal portion 67, which are secured to each other.

[0070] The contact portion 86 is situated in the space
between the first and second legs 68 and 72. In other
words, the pressing legs 68 and 72 are arranged at both
sides of the contact portion 86. The distal end of the
contact portion 86 is oriented downward and may be
into contact with the skin over the radial artery 100 of
the patient's arm 7. The distal end of the contact portion
86 is upper than the distal ends of the pressing legs 68
and 72. That is, the distal end of the contact portion 86
is situated back from the distal ends of the pressing legs
68 and 72. When the beam 81 is not stressed, the distal
end of the contact portion 86 is preferably 0.5 to 2 mm,
more preferably 0.9 to 1.1 mm per than the distal ends
of the pressing legs 68 and 72.
[0071] As shown in Fig. 6A, the distal end portion of
the supported portion 85 of the beam 81 is thinner than
the other portions. This portion will be called thinner
portion 87. As shown in Figs. 6B and 60, three parallel
separating grooves 88 are formed from the thinner por-
tion 87 and the contact portion 86. Therefore, each of
the thinner portion 87 and the contact portion 86 is
divided into four parts. Four piezoelectric elements 82
are adhered to the upper surfaces of four thinner por-
tions 87, respectively. More exactly, each piezoelectric
element 82 is longer than the thinner portion 87 along
the longitudinal direction of the beam 81 and is adhered
to the corresponding thinner portion 87 entirely and to
the supported portion 85 partially. In addition, a
through-hole 90 for inserting the above-mentioned bolt
83 is illustrated in Figs. 6A and GO.
[0072] With such a structure, the stress on four con-
tact portions 86 varies according to pulsation of the
radial artery 100. The varying stress is transmitted to
each piezoelectric element 82 via the corresponding
thinner portion 87. Each piezoelectric element 82 out-
puts a pulse wave signal (pulsation signal) which is the
voltage varying according to the stress variation. The
supported portion 85 of the beam 81 is provided with
four amplification units 89. Pulse wave signal from each
of the piezoelectric elements 82 is supplied to corre-
sponding amplification unit 89 to be amplified, and the
amplified signal is outputted from the unit 89.
[0073] As will be understood, the beam 81 of each
pulse wave measuring unit 3 is provided with four con-
tact portions 86, which are aligned in a row at an interval
along the radial artery 100. Consequently, each pulse
wave measuring unit 2 measures pulse waves at four
points of the patient‘s arm 7. Since the pulse wave
measuring device 1 has three pulse wave measuring
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units 3, the entire pulse wave measuring device 1 meas-
ures 12 points.

[0074] Fig. 18 shows an output circuit "a" in which the
output signals from the piezoelectric elements 82 are
amplified. The output circuit a is constituted of four
operational amplifiers 0P1 to 0P4, which are respec-
tively contained in the amplification units 89. With
respect to each of the op-amps 0P1 to 0P4, the nega-
tive input terminal and the output terminal is connected,
so that each op-amp functions as a voltage follower.
The piezoelectric elements 82 are connected with the
positive input terminals of the op-amps 0P1 to 0P4 and
with the earth. Input impedance of the op-amps 0P1 to

0P4 is between 108 ohms and 1012 ohms. Such high
input impedance can be realized by the op-amps since
they are MOSFETs and the like. If other op-anps with
only low input impedance are used, the output signals of
the op-amps are not analyzed since the current gener-
ated by the piezoelectric element 82 is weak. However,
the op-amps 0P1 to 0P4 have high input impedance,
the output signals can be analyzed. In an experiment,
the amplitude of voltage at the output terminal of each of
the op-amps 0P1 to 0P4 was about 0.15 volts as
shown in Fig. 19.
[0075] The output signals from the op-amps 0P1 to
0P4 are provided to an outside analog-to-digital con-
verter (not shown), and converted to digital signals. The
digital signals are provided to a computer (not shown).
The output circuit a shown in Fig, 18 is provided in the
beam 81 for a single pulse eve measuring unit 3. There-
fore, three output circuits a are provided for three pulse
wave measuring units 3 in the entire device 1. The A/D
converter has 12 channels for the op-amps 0P1 to 0P4
of three measuring units 3 and converts the signals
through 12 channels. The computer operates on the
basis of a diagnostic program, referring to the signals
provided through 12 channels, so as to diagnose the
patient's physiological condition.
[0076] In the above-described pressure measuring
device 80, since the piezoelectric elements 82 are fixed
at the thinner portions 87 of the beam 81, the transfor-
mation occurred on the piezoelectric elements 82
according to the stress variation is larger than the trans-
formation when they are fixed at other portions. There-
fore, the strain exerted on the piezoelectric elements 82
is large, so that the measurement accuracy can be
enhanced. Each of the piezoelectric elements 82 is
longer than the thinner portion 87 along the longitudinal
direction of the beam 81 and is adhered to the corre-

sponding thinner portion 87 entirely and to the sup-
ported portion 85 partially. Since the piezoelectric
elements 82 is long and partially adhered on the sup-
ported portion 85, the strain energy stored in each pie-
zoelectric element 82 is large when the beam 81 is
stressed.

[0077] In a typical conventional pressure measuring
device with cantilever, a piezoelectric element is
adhered only to the vicinity of the distal end of the can-
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tilever (vicinity of the contact portions 86, e.g., thinner
portions 87 in the embodiment) since the curvature is
the largest at distal end. However, the piezoelectric ele-
ment in the vicinity of the end should be small in size.
Therefore, less strain energy is stood therein, and flown
is an extremely weak current. Furthermore, although a
piezoelectric element can output a high voltage, it gen-
erates less current. Accordingly, the output voltage (sig-
nal) is difficult to be detected and analyzed by the prior
art.

[0078] In contrast, by virtue of the above-described
pressure measuring device 80, since much strain
energy can be accumulated in the piezoelectric element
82, the current generated by the piezoelectric element
82 is larger than that of conventional device. Therefore,
the amplitude of the output signal may be enlarged. The
above-described output circuit with high input imped-
ance can further improve the advantage.
[0079] In the illustrated embodiment, the piezoelectric
element 82 is adhered, along the longitudinal direction
of the beam 81, to the corresponding thinner portion 87
entirely and to the supported portion 85 partially. How-
ever, in a variant, the piezoelectric element 82 may be
adhered to the corresponding thinner portion 87 entirely
and to the contact portions 86 partially. In another vari-
ant, the piezoelectric element 82 may be adhered to the
corresponding thinner portion 87 entirely, to the sup-
ported portions 85 partially, and to the contact portion
86 partially.
[0080] In order to accumulate much strain energy, it is
preferable that the area of the piezoelectric element 82
is large. However, if the area of piezoelectric element 82
is large, the electrostatic capacity will be large, thereby
lowering the measurement accuracy. Accordingly, it is
preferable that the area of the piezoelectric element 82
is between 130 and 150% of that of the corresponding
thinner portion 87. Namely, the extra area of the piezoe-
lectric element 82 protruding outside from the corre-
sponding thinner portion 87 is preferably between 30
and 50% of the area of the corresponding thinner por-
tion 87.

[0081] Fig. 20 is a cross section of the pressure meas-
uring device 80 taken along line XX-XX in Fig. 6A. As
shown in Fig. 20, the thickness Ts of the thinner por-
tions 87 of the beam 81 is substantially the same as the
thickness Tp of the piezoelectric elements 82. The rea-
son will be explained below.
[0082] Fig. 21 shows a variation of the electromechan-
ical coupling factor of the piezoelectric element 82 in
relation to the relative thickness (Ts/(Ts + Tp)) of the
thinner portion 87 (supporting layer for the piezoelectric
element 82) when the beam 81 was made of phosphor
bronze and the piezoelectric element 82 was made of a
ceramic material. The electromechanical coupling fac-
tor is a factor indicating the electromechanical conver-
sion efficiency in the pressure measuring device 80,
and more specifically it is the square root of the ratio of
electrically generated energy to given mechanical
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energy. Although the result illustrated in Fig. 21 was
obtained when the beam 81 was made of phosphor
bronze, similar results were obtained when other mate-

rials are used for the beam 81. Consequently, it is not
intended to limit the present invention to manufacture
the beam 81 of phosphor bronze.

[0083] As clearly shown in Fig. 21, the electromechan-
ical coupling factor peaked when the relative thickness
was approximately 20%, and it decreased gradually
when the relative thickness was beyond 20%. In addi-
tion, when the relative thickness was approximately
60%, the electromechanical coupling factor was the
same as that when the relative thickness or thickness

Ts of the thinner portions 87 was zero ("Ts was zero"
means that only the piezoelectric element supported
the contact portion 86). When the relative thickness was
in excess of 60%, the electromechanical coupling factor
decreased linearly. From the experimental result, it is
understood that the relative thickness of the thinner por-
tion 87 is preferably equal to or less than about 60%.
More preferably, the relative thickness of the thinner
portion 87 is about 20% in order to enhance the electro-
mechanical coupling factor and conversion efficiency of
the piezoelectric element 82. It is supposed that the rea-
son of the result is that when the area of cross section

of the thinner portion 87 is large, large strain energy is
accumulated therein, so that the electromechanical

conversion efficiency is reduced.
[0084] On the other hand, it is possible that the con-
tact portions 86 are supported by only piezoelectric ele-
ments without the thinner portions 87 of the beam 81 . In
this case, since the given strain energy can be accumu-
lated in the piezoelectric elements, it is theoretically
supposed that the conversion efficiency is increased.
However, because of various factors, for example, the
accumulating speed of the strain energy and the vibra-
tion damping, it is preferable that the piezoelectric ele-
ments 82 are mounted on the beam 81 as in the
embodiment.

[0085] Therefore, it is understood that the piezoelec-
tric elements 82 are preferably mounted on the different
beam 81 and the ratio of the area of cross section of the
beam 81 to the area of total cross section of the beam

81 and piezoelectric elements 82 is preferably equal to
or less than 60% in order to enhance the amplitude of
the output signals.

1-2. USAGE OF PULSE WAVE MEASURING DEVICE

W

[0086] Usage of the pulse wave measuring device 1 of
the embodiment will be next explained below. Before the
use, the second perpendicular sliding plate 18 and the
elements suspended therefrom are raised by handling
the micrometer bead 28, and the interval of the pressing
legs 68 and 72 is broadened by handling the microme-
ter head 57.

[0087] First, the patient's arm 7 is placed as shown in
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Fig. 1, and then three pulse wave measuring units 3 are
roughly positioned above the Sum, Kann, and Syaku
of the arm 7 by adjusting the stand 2. Simultaneously,
four contact portions 86 of each pulse wave measuring
unit 3 are aligned along a line directly above the
patient's radial artery 100

[0088] Next, the micrometer bead 28 is handled, so
that the spindle 32 is retracted to lower the second per-
pendicular sliding plate 18. Simultaneously, the mount-
ing plate 42 suspended from the second perpendicular
sliding plate 18 are lowered, whereby the pressing legs
68 and 72 and the contact portions 86 come into contact
with the skin of the patient‘s arm 7. The micrometer
head 28 is revolved until the pressing leg 68 presses
down the softer part, between the radial artery 100 and
the flexor carpi radialis tendon 104, to a predetermined
depth.
[0089] Then, the micrometer head 57 is handled, so
that the spindle 61 is retracted to make the second
pressing leg 72 approach the first pressing leg 68.
When the second pressing leg 72 arrives at the softer
part between the radial artery 100 and the brachioradi-
alis tendon 103 and presses this part down, the microm-
eter head 57 is stopped to be revolved, so that the
movement of the second pressing leg 72 is stopped. In
Fig. 7, the second pressing leg 72 before the approach
is illustrated with solid lines while the leg 72 after the
approach is illustrated with imaginary lines. The contact
portions 86 are positioned on the skin above the radial
artery 100 according to the aforementioned manner, so
that the wave pulses on 12 points are evaluated accord-
ing to the output signals from 12 piezoelectric elements
82.

[0090] As described above, since the second pressing
leg 72 can be moved in relation to the first pressing leg
68, both pressing legs 68 and 72 can press down the
more elastic or softer parts at the sides of the radial
artery 100, whereby four contact portions 86 of each
pressure measuring device 80 can be readily positioned
on the skin above the radial artery 100. Furthermore,
since the distal ends of the contact portions 86 are
upper than the distal ends of the pressing legs 68 and
72, the radial artery 100, which is more inflexible or
harder than other tissues, is readily positioned between
the pressing legs 68 end 72. In other words, twelve con-
tact portions 86 of three pressure measuring devices 80
can be readily positioned on the skin over the radial
artery 100 although it is unnecessary for the patient to
move his arm 7 and unnecessary for the diagnostician
to tend the supporting memoers 10 in accordance with
the embodiment.

[0091] If a pressure measuring device is pressed on
the organism's surface by a cuff as in the conventional
manner, not only the blood vessel but also muscle or tis-
sues around it are pressed flatly. so that it is difficult to
adjust the initial pressure on the blood vessel. However,
in the embodiment, since two rigid pressing legs 68 and
72 press down the softer parts at the sides of the radial
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artery 100, it is readily adjust the initial pressure on the
radial artery 100 given by the contact portions 86 of the
pressure measuring devices 80. Namely, the contact
portions 86, which transfer the stress to the piezoelec-
tric elements 82, are used to vary the initial pressure to
the radial artery 100 by handling the micrometer head
28.

[0092] After the finish of a diagnosis at a depth where
the pressing legs 68 and 72 have been stopped, the
pressing legs 68 and 72 and the contact portions 86 are
further lowered by handling the micrometer head 28
again, whereby the initial pressure on the radial artery
100 is changed. Since blood pulse wave feature varies
depending on the initial pressure on the measured
blood vessel as depicted in Figures 22A to 220, the
patient's physiological condition can be diagnosed in
detail. While Fig. 7 shows that the pressing legs 68 and
72 and the contact portions 86 are slightly lowered, Fig.
2A shows that they are greatly lowered.
[0093] If the contact portions 86 are lowered, the initial
pressure on the artery given by the pressure measuring
device 80 is increased. However, if the contact portions
86 are lowered simply, the skins are stretched by the
pressing legs 68 and 72 so as to slightly change its ten-
sion T depicted in Fig. 8. The pressure measured by the
pressure measuring device 80 depends not only on the
internal pressure D of the radial artery 100, but also on
the skin tension T. Therefore, the initial pressure on the
radial artery 100 is not exactly and univocally controlled.
[0094] Fig. 9 is a graph showing the correlation
between the skin tension T and the displacement of the
pressing legs 68 and 72 in the vertical direction when
the interval between the pressing legs 68 and 72 is con-
stant. The abscissa of Fig. 9 designates the absolute
value of the downward displacement of the first pressing
leg 68, wherein the position at which the first pressing
leg 68 first comes into contact with the skin is deter-
mined to be zero. As shown in Fig. 9, the skin tension T
increases in accordance with increase of the initial pres-
sure by the downward movement of the first pressing
leg 68 and contact portions 86.
[0095] Accordingly, in advance, if is preferable to
research the correlation between the skin tension T and

the displacement of the pressing legs 68 and 72 in the
vertical direction when the interval between the press-
ing legs 68 and 72 is constant. Alternatively, in advance,
it is preferable to research the correlation between the
skin tension T and the interval between the pressing
legs 68 and 72 when the displacement of the pressing
legs 68 and 72 in the vertical direction is constant. Con-
sequently, it is possible to adjust the interval between
the pressing legs 68 and 72 by handling the micrometer
head 57 on the basis of any of the results of the above
researches, thereby excluding the affection of the skin
tension T, i.e., making the skin tension T constant at
every diagnostic points. By virtue of the research and
adjustment, the initial pressure given to the radial artery
100 can be altered to desirable values exactly. The
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adjustment of the initial pressure is conducted for all of
three pulse wave measuring units 3. Under the adjusted
pressure, the wave pulses on 12 points are evaluated
again according to the output signals from 12 piezoelec-
tric elements 82.

[0096] In accordance with the traditional blood pulse
wave diagnosis in Oriental medicine, the physiological
status of a patient is determined according to more than
ten pulse wave characteristics obtained by quantitative
or qualitative analyses. In addition, the diagnostician in
this field should consider the patients' individual charac-
teristics for diagnosis. For example, if a patient's radial
artery has a special characteristic that a level of pres-
sure is exerted in the radial artery as long as a great
amount of pressure is applied to the wrist from outside,
the diagnostician must determine the patient‘s wave-
form in view of his individuality. Therefore, it has been
difficult for skill-less diagnosticians to determine the
patients' characteristics in the conventional finger-touch
manner.

[0097] However, by virtue of the embodiment, since
the initial pressure can be readily adjusted, the diagnos-
tician can obtain the patient's physiological characteris-
tics quantitatively and qualitatively. Although special
diagnosticians using with their sense have convention-
ally supposed such physiological characteristics, the
physiological characteristics can be objectively obtained
according to the embodiment. Therefore, the embodi-
ment enables to reduce diagnostician‘s burden and con-
tributes to inherit the technique for pulse wave
diagnosis.

1-3. VARIANTS OF FIRST EMBODIMENT

[0098] In the first embodiment, the second transverse
sliding plate 47 is moved in relation to the first trans-
verse sliding plate 44 using with the micrometer head
57, so that the second pressing leg 72 is moved in rela-
tion to the first pressing leg 68. Conversely, the pressing
legs 68 and 72 may be constructed in such a manner
that the first pressing leg 68 is movable in relation to the
fixed second pressing leg 72 in an alteration. Further-
more, both of the pressing legs 68 and 72 may be con-
structed so as to be movable in another alteration.

These alterations may be also applied to the second
through fourth embodiments, which will be described
later.

[0099] Other types of pressure sensors, e.g., strain
gauges can be used instead of the piezoelectric ele-
ments 82.

[0100] In the first embodiment, the beam 81 is sup-
ported in a cantilever manner. However, as long as
there is a univocal correlation between the load onto

each contact portion 86 and the strain in the pressure
sensor, other supporting types for beam, e.g., a simple
beam manner, can be also adapted.
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2. SECOND EMBODIMENT

2-1. STRUCTURE AND OPERATION OF PULSE
WAVE MEASURING DEVICE OF SECOND EMBODI-
MENT

 

[0101] A second embodiment of the present invention
will be described next. Fig. 10 shows important parts of
the pulse wave measuring device according to the sec-
ond embodiment. The pulse wave measuring device
also includes three pulse wave measuring units 3, which
are almost the same as those in the first embodiment,

each of the pulse wave measuring units 3 including the
supporting member 10. The second embodiment is dif-
ferent from the first embodiment in the sort of the pulsa-
tion measuring sensors provided at the supporting
member 10. The structural elements common to the first

embodiment are not illustrated in Fig. 10.
[0102] As shown in Fig. 10, a beam 110 is secured to
the horizontal portion 67 of the first pressing plate 65 in
the supporting member 10 in the same fixing manner as
of the beam 81 in the first embodiment. The beam 110

comprises a planar supported portion 111, which is a
proximal portion secured to the horizontal portion 67;
and a bent portion 112, which is perpendicularly bent
from the supported portion 111. In the same manner as
the beam 81 of the first embodiment (see Figs. GB and
60), the beam 110 is divided into four parts, so that a
plurality of (four) bent portions 112 are provided in fact.
[0103] The bent portions 112 of the beam 110 are sit-
uated in the space between the first and second legs 68
and 72. In other words, the pressing legs 68 and 72 are
arranged at both sides of the bent portions 112. The dis-
tal ends of the bent portions 112 are oriented down-
ward. The distal end faces of the bent portions 112 are
fixedly provided with optical pulsation measuring sen-
sors 113, respectively. The optical pulsation measuring
sensors 113 may be into contact with the skin over the
radial artery 100 of the patient's arm 7. The optical pul-
sation measuring sensors 113 are upper than the distal
ends of the pressing legs 68 and 72. That is, optical pul-
sation measuring sensors 113 are situated back from
the distal ends of the pressing legs 68 and 72. When the
beam 110 is not stressed, the optical pulsation measur-
ing sensors 113 are preferably 0.5 to 2 mm, more pref-
erably 0.9 to 1.1 mm upper than the distal ends of the
pressing legs 68 and 72.
[0104] With such a structure, by handling the microm-
eter head 27 (see Figs. 2A, etc.) to lower the beam 110,
the optical pulsation measuring sensors 113 on the bent
portions 112 of the beam 110 may be pressed against
the skin over the radial artery 100, so as to give the
radial artery 100 an initial pressure. Consequently, the
bent portions 112 and the optical pulsation measuring
sensors 113 cooperate to constitute vessel pressing
portions or subject pressing portions.
[0105] Each of the optical pulsation measuring sen-
sors 113 includes a light-emitting element (emitting
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means) 113a and a light-receiving element (receiving
means) 113b. The light-emitting element 113a and light-
receiving element 113b may be in contact with the skin
over the radial artery 100, and while the emitting ele-
ment emits light rays toward the radial artery 100, the
receiving element receives the reflected rays by the
radial artery 100.

[0106] Each of the receiving elements outputs a pulse
wave signal (pulsation signal) relating to the strength of
the received light. The pulse wave signals are amplified
by an amplifier (not shown), and converted to digital sig-
nals by an outside analog-to-digital converter having 12
channels. The digital signals are provided to a computer
(not shown). The computer operates on the basis of a
diagnostic program, referring to the signals provided
through 12 channels, so as to diagnose the patient‘s
physiological condition.
[0107] The principle of pulse wave measurement by
the optical pulsation measuring sensors 113 will be
explained below.
[0108] When light rays are entered to a thin material,
the luminous intensity of transmitting light decreases in
comparison with the intensity of incident light by a value
which is proportional to the material density and the
material thickness. This phenomenon is well known as
Lambert-Beer law.

[0109] With reference to Figs. 11A and 11B, Lambert-
Beer law will be explained in more detail. As indicated in
Fig. 11A, there is a correlation between intensity lin of
entering light and intensity Iout of exiting light which can
be expressed in the next equation.

I /I. = 1 - kCALout In (1)

where C is the density of the material M, AL is its thick-
ness, and k is its linear absorption coefficient.
[0110] If the material thickness is five times longer
(see Fig. 11B), the correlation of equation (1) may be
rewritten into the next equation.

5

Iout/Iin = (1 - kCAL) (2)

[0111] According to equation (2), if intensity IOU, of
exiting light is 9 while intensity Iin of entering light is 10
in case shown in Fig. 11A, intensity Iout of exiting is be
5.9 while intensity Iin of entering light is 10 in case

shown in Fig. 113 since low/Ii” is equal to 0.95.
[0112] By integrating equation (1), the correlation
between the intensity lin of entering light and intensity
Iout of light exiting through a distance L can be
expressed in the next equation.

Iog(l out/I in) = -kCL (3)

[0113] Equation (3) may be further rewritten into the
next equation.

x exp(-kCL)Iout=|i (4)n
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[0114] As will be understood by the above-equations,
if intensity Iin of entering light, absorption coefficient K,
and distance L are constant, it is possible to estimate
the density variation of the material M by measurement
of variation of exiting light intensity lin. Conversely, by
the same principle, it is possible to estimate the density
variation of the material M by measurement of intensity
variation of reflected light. When the material M is blood,
the measurement of the density variation is equivalent
to the measurement of the blood pulse wave or the
measurement of pulsation.

[0115] Fig. 12 is a graph showing an example of vari-
ation of light absorption while time passes when outside
light is entered to a part of a human body including
blood vessels. In Fig. 12, light absorption l4 at an artery
varies while light absorption l2 at tissues is constant
since the tissue density does not vary. In addition, light
absorption I3 at a vein is constant since there is no pul-
sation in veins and no density variation.
[0116] Fig. 13 is a graph showing an example of dis-
tribution of blood pressure in various parts of a human
body. As will be understood from Fig. 13, the blood pul-
sation decreases as the distance from the heart

becomes larger, and disappears at veins. On the other
hand, light absorption I4 at an artery changes since the
blood density varies in accordance with the blood pulsa-
tion as shown in Fig. 12. Accordingly, when a light is
entered to the blood vessels, for example, the radial
artery 100, the measurement of the intensity of the
emitting or reflected light is effected by the light absorp-
tion I2 through I4. If the sun of the light absorption Is at a
vein and light absorption l4 at an artery is assumed as
100%, the ratio of light absorption l4 at an artery is from
1 to 2% and the ratio of light absorption Is is from 98 to
99%.

[0117] In accordance with the above-described princi-
ple, the optical pulsation measuring sensors 113
receive the light rays reflected by the radial artery 100
and its vicinity. thereby detecting the blood pulse wave.
In addition, since the pressing legs 68 and 72 can press
down the more elastic or softer parts at the sides of the
radial artery 100, four optical pulsation measuring sen-
sors 113 of each pressure measuring device 80 can be
readily positioned on the skin above the radial artery
100. Furthermore, since the distal ends of the optical
pulsation measuring sensors 113 are upper than the
distal ends of the pressing legs 68 and 72, the radial
artery 100, which is more inflexible or harder than other
tissues, is readily positioned between the pressing legs
68 and 72. In other words, twelve optical pulsation
measuring sensors 113 of three pressure measuring
device 80 can be readily positioned on the skin over the
radial artery 100 although it is unnecessary that the
patient moves his arm 7 and unnecessary that the diag-
nostician tends the supporting members 10 in accord-
ance with the embodiment.

[0118] Furthermore, since two rigid pressing legs 68
and 72 press down the softer parts at the sides of the
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radial artery 100, it is readily adjust the initial pressure
on the radial artery 100 given by the optical pulsation
measuring sensors 113 of the beams 110.

2-2. VARIANTS OF SECOND EMBODIMENT
 

[0119] Fig. 14 illustrates a variant of the second
embodiment. In Fig. 14, each of the optical pulsation
measuring sensors 113 includes a light-emitting ele-
ment 113a and a light-receiving element 113b that are
separated from each other. Although the light-emitting
elements 113a are attached to the lower end faces of

the bent portions 112 of the beam 110, the light-receiv-
ing elements 113b are arranged at the bottom of the
hollow 5b of the arm support 5(see Fig. 1). Another
arrangement may be possible in which the light-receiv-
ing elements 113b are suspended by the supporting
member 10 in such a manner that they can receive the
light rays penetrating through the patient's arm 7 from
the light-emitting elements 113a attached to the bent
portions 112.

3. THIRD EMBODIMENT

[0120] Fig. 15 shows a pressure measuring device
according to third embodiment of the present invention.
In this embodiment, a wristband, constituted of band

pieces 121a and 121b, of a watch 120 is used for a sup-
porting member for the pressure measuring device. The
wrist band pieces 121 a and 121 b, attached to both ends
of a watch body 120a, cooperate to encircle the
patient‘s wrist and are connected by a known hook 122.
The circular length of the watch 120 may be adjusted by
loosening and fastening of the hook 122, so that the
retaining force to the wrist can be adjusted.
[0121] The reverse side of the wrist band piece 121a
is provided with an optical pulsation measuring sensor
113. Instead of the sensor 113, another type of pressure
measuring sensor may be used. By the retaining force
of the wrist band pieces 121a and 121b, the pressure
measuring sensor or optical pulsation measuring sen-
sor 113 presses the skin over the radial artery 100.
[0122] A pair of pressing legs 68 and 72 are also
attached to the reverse side of the wrist band piece
121a, so as to protrude inwards. At least one of the
pressing legs 68 and 72 is movable along the circular or
lengthwise direction of the wrist band piece 121 a, and is
stably positioned after stopping the movement. The
means for moving and positioning the pressing legs 68
and/or 72 can be a screw, hook, and the like although it
is not illustrated.

[0123] The pressure measuring sensor or optical pul-
sation measuring sensor 113 is situated back from the
distal ends of the pressing legs 68 and 72. Therefore,
the blood vessel is positioned between the pressing
legs 68 and 72, so that the sensor can be readily posi-
tioned on the skin above the blood vessel. In addition,

the measuring device is manufactured lighter in weight
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very much in accordance with this embodiment.

4. FOURTH EMBODIMENT

[0124] Fig. 16 shows a pressure measuring device
according to a fourth embodiment of the present inven-
tion. An elastic arched collar 130 is used for a support-
ing member for the pressure measuring device in this
embodiment. The collar 130 is detachably arranged
inside a collar 131, which is a part of clothing, so as to
encompass the patient‘s neck. The circular length of the
collar 130 is adjustable, so that the retaining force to the
neck can be altered.

[0125] A pressure measuring sensor or optical pulsa-
tion measuring sensor 113 is secured to the reverse or
inner surface of the collar 130, so as to be able to press
the skin over the carotid artery of the patient. A pair of
pressing legs 68 and 72 are also attached to the reverse
surface of the collar 130, so as to protrude inwards. At
least one of the pressing legs 68 and 72 is movable
along the circular or lengthwise direction of the collar
130, and is stably positioned after stopping the move-
ment.

[0126] The pressure measuring sensor or optical pul-
sation measuring sensor 113 is situated back from the
distal ends of the pressing legs 68 and 72. Therefore,
the blood vessel is positioned between the pressing
legs 68 and 72, so that the sensor can be readily posi-
tioned on the skin above the blood vessel.

5. FIFTH EMBODIMENT

5-1. STRUCTURE OF PULSE WAVE MEASURING
DEVICE OF THE EMBODIMENT

[0127] Fig. 23 is a perspective view showing a pulse
wave measuring device 201 according to a fifth embod-
iment of the present invention while Fig. 24 is a side
view thereof. As illustrated in Figs. 23 and 24, the pulse
wave measuring device 201 comprises an arm holder
202 on which the patients arm is held; a pair of support-
ing members 203 of a slim and bent shape of which
both ends are mounted on the arm holder 202; a hori-

zontal or transverse sliding member 204 arranged on
the supporting members 203; a perpendicular sliding
member 205 attached to the transverse sliding member
204 movably in the perpendicular direction; and a strain
gauge or measuring means 206 attached at the bottom
of the perpendicular sliding member 205.
[0128] Fig. 25 is a view taken along line XXV-XXV in
Fig. 24. As shown in Figs. 23 through 25, the arm holder
202 is constituted of a bottom plate 202a having a con-
cave upper surface; a cushion 202b mounted on the
bottom plate 202a; a finger holding portion 202C to
which the patient's first to fourth fingers are inserted
when patient's arm is held in the arm holder 202; and a
band 202d loosely wound around the patient's arm.
With such a constitution, when the patient's arm is held
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in the arm holder 202, the arm is not tightly restricted
and the skin over the radial artery is oriented upwardly.

[0129] Although the arm holder 202 is shown in Figs.
23 through 25, other types of arm holders, e.g., a rub-
ber-band like am holder 212 in Fig. 26 or arm holder 222
in Fig. 27 may be used instead. The arm holder 222
comprises a holding box 223 of a U-shaped cross sec-
tion and a lining cushion 224 inside the holding box 223.
The patient's arm is put into the U-shaped cushion 224,
and then loosely secured by a holding band 225.
Another type of arm holder may be utilized as long as it
does not retain the patient‘s arm tightly and the skin
directly on the radial artery can be oriented upwardly.
[0130] As shown in Fig. 25, each of the supporting
members 203 is constituted of a pair of legs 2031
affixed to the bottom plate 202a of the arm holder 202
by an adhesive, and a supporting portion 2032 of which
both ends are supported respectively by the legs 2031.
However, another manner for fixing the legs 2031 can
be adapted instead of the adhesive. As shown in Fig.
28, ridges 2032a protrude from both sides of the upper
portion of each supporting portion 2032. The upper sur-
face of the supporting portion 2032 is provided with a
series of teeth, so as to be a zigzag toothed portion
2033.

[0131] As illustrated in Fig. 24, a pair or grooves 2040
are formed at both ends of the bottom of the transverse

sliding member 204. As shown in Fig. 23, a pair of pro-
truding ridges 2040a are formed at the edges of each
groove 2040. The bottom face of each groove 2040 is
provided with a series of teeth, so as to be a zigzag or
toothed portion 2041. which meshes with the toothed
portion 2033 of one of the supporting members 203.
The supporting portions 2032 of both supporting mem-
bers 203 are inserted into the grooves 2040 of the trans-
verse sliding member 204, so that the transverse sliding
member 204 is slidable transversely (perpendicularly to
Figs. 24 and 28) in relation to the supporting members
203 and vertical movement of the transverse sliding
member 204 is restricted. As shown in Figs. 24 and 25,
a through-hole 2042, penetrating in the vertical direc-
tion, is formed at the transverse sliding member 204. As
shown in Fig. 24, a pair of opposing inner faces of the
through-hole 2042 are provided with teeth, so as to be
zigzag or toothed portions 2043.
[0132] As shown in Fig. 24, a pair of opposing outer
faces of the perpendicular sliding member 205 are pro-
vided with teeth. so as to be zigzag or toothed portions
2051, which mesh with the toothed portions 2043 of the
through-hole 2042. The perpendicular sliding member
205 is inserted into the through-hole 2042 in such a
fashion that the toothed portions 2051 mesh with the
toothed portions 2043, whereby the perpendicular slid-
ing member 205 is slidable vertically or perpendicularly
in relation to the transverse sliding member 204. A pair
of protrusions or pull portions 2052, on which diagnosti-
cian's fingers may pull, project from side faces of the
perpendicular sliding member 205.
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[0133] The strain gauge 206 includes a resistor of
metal or semiconductor and utilizes piezoresistive
effect: i.e., the resistance varies when strain is applied.
The strain gauge 206 may be in contact with the skin
directly on the radial artery 100 in Fig. 25 by sliding
operation of the sliding members 204 and 205, whereby
the pulse wave according to pulsation of the radial
artery 100 is transmitted to the strain gauge 206. There-
fore, by means of continuous measurement of the
resistance of the strain gauge 206, the pulse wave can
be measured. However, instead of the strain gauge 206,
another type of pressure sensor, including a piezoelec-
tric element, that converts strain to electric signal, e.g.,
electric energy, electroresistance, or electrostatic
capacity is utilized. In Fig. 25, a cross section of the arm
7 is shown for clearly indicating the radius 101, ulna
102, brachioradialis tendon 103, and flexor carpi radialis
tendon 104.

[0134] The signal output from the strain gauge of the
pulse wave measuring device 201 is supplied to an ana-
log-to-digital converter 502 shown in Fig. 29, and con-
verted to digital signals at fixed sampling intervals. The
digital signals are supplied to a microcomputer 503 that
obtains the pulse waveform on the basis of the digital
signals and make a monitor display 504 indicate the
waveform. Accordingly, the pulse waveform measured
by the pulse wave measuring device 201 can be visibly
indicated.

5-2. USAGE OF PULSE WAVE MEASURING DEVICE

W

 

[0135] Next, usage of the pulse wave measuring
device 201 according to this embodiment will be
described. In the following, the embodiment is exempli-
fied by measurement of pulse wave of the human radial
artery. However, it is not intended to restrict the scope of
the invention to measure human pulse wave, and rather
the device can be used for measuring pulse wave of
other animals.

[0136] First, the pulse wave measuring device 201 is
set on the patient‘s forearm as shown in Fig. 23. The
diagnostician next slides the sliding member 204 trans-
versely in relation to the supporting members 203,
thereby positioning the strain gauge 206 at a situation
above the radial artery. Since the toothed portion 2033
of the supporting members 203 and the toothed portion
2041 of the transverse sliding member 204 are in mesh
with each other, resistance is exerted against the glide.
However, the teeth of the toothed portions 2033 and
2041 are formed so that the member 204 slides by diag-
nostician‘s fingers at a force, whereby the position
adjustment is facilitated.
[0137] Therefore, the diagnostician can adjust the
position of the transverse gliding member 204 by finger
pushing or finger grasping. Then, he slides the perpen-
dicular sliding member 205 downwardly, so that the
strain gauge 206 is positioned to give the radial artery
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an appropriate pressure. The toothed portions 2043
and 2051 are formed so that the perpendicular sliding
member 205 is prevented from being moved by the pul-
sation force. More specifically, although there is individ-
uality of the force by pulsation, it is preferable that the
toothed portions 2043 and 2051 are formed so that the
member 205 is moved by a force more than about 300
gram-force. In this case, the diagnostician can easily
lower the member 205 overcoming the resistance force
although pulsation cannot move the member 205 by the
resistance force. Therefore, as shown in Fig. 30, the
diagnostician can adjust the height of the strain gauge
206 appropriately using with only one hand in a simple
manner. In addition, be can hang his two fingers on the
protrusions 2052 and can pull up the perpendicular slid-
ing member 205.

[0138] The position of the strain gauge 206 is adjusted
while the diagnostician watches it. In addition, trial
measurements are conducted at a plurality of positions,
and the best position, at which the amplitude of the
pulse waveform indicated by the monitor display 504 is
the greatest, is selected. Then, the strain gauge 206 is
moved to the best position.
[0139] After the positioning of the strain gauge 206 at
the best measurement position in the above manner
described above, the diagnostician commences to
measure blood pulse wave. While the measurement,
since the toothed portions 2043 and 2051 of the sliding
members 204 and 205 are in mesh with each other and

the toothed portions 2033 and 2041 of the members
203 and 204 are also in mesh with each other, the strain

gauge 206 is not moved by a force equivalent to the pul-
sation force. Therefore, it is possible to continue to apply
an appropriate pressure on the radial artery so as to
obtain more accurate measurement results by the
embodiment although it has been impossible by con-
ventional devices including a sensor with a pen-like
holder. Furthermore, since the pulse wave measuring
device 201 is adjusted into the measurement position
manually, it is unnecessary to provide a driving device
and so on, so that the structure is simplified.

5-3. VARIANTS OF FIFTH EMBODIMENT

[0140] A variant of the fifth embodiment will be
explained with reference to Fig. 31. In Fig. 31, the same
reference symbols are attached to common structural
elements to the fifth embodiment, and description
thereof will be omitted.

[0141] As shown in Fig. 31 , the pulse wave measuring
device comprises a supporting member 207 attached to
the arm holder 202. The supporting member 207 is con-
stituted of four legs 2071 attached to the arm holder
202; and a supporting portion 2072 of which corners are
respectively supported by the legs 2071. A through-hole
penetrating in the vertical direction is formed at the sup-
porting portion 2072. The inner opposite surfaces of the
through-hole 2073 are provided with teeth, so as to be
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zigzag or toothed portions 2074, which can be in mesh
with the toothed portions 2051 of the perpendicular slid-
ing member 205. The perpendicular sliding member
205 is inserted into the through-hole 2073 in a manner
that the toothed portions 2074 and 2051 are meshed
with each other.

[0142] With such a structure, the height of the strain
gauge 206 is vertically adjusted in the simple manner
similarly to the fifth embodiment. In addition, after the
start of the measurement, the strain gauge 206 is pre-
vented from being moved by a force similar to the pulsa-
tion force, so that accurate measurement results can be
obtained as similar to the fifth embodiment.

[0143] Another variant will be described with refer-
ence to Fig. 32. In Fig. 32, the same reference symbols
are attached to common structural elements to the fifth

embodiment, and description thereof will be omitted. As
shown in Fig. 32, the pulse wave measuring device
comprises an arm holder 202, supporting members
208, a perpendicular sliding member 209, a horizontal
or transverse sliding member 2100, and a strain gauge
206.

[0144] Two supporting members 208 are attached to
the arm holder 202. A pair of side surfaces of the sup-
porting members 208, which are facing to each other,
are provided with the toothed portions 2081. A pair of
side opposite surfaces of the perpendicular sliding
member 209 are also provided with toothed portions
2091, which mesh with the toothed portions 2081. The
perpendicular sliding member 209 is situated between
the supporting members 208 in a manner that it is slid-
able vertically in relation to the supporting members
208. Two toothed potions 2092 are formed on the upper
surface of the perpendicular sliding member 209. A
through-hole penetrating vertically is formed at the
toothed portions 2091. In addition, a loop-shaped strip
or a pull portion 2104 is attached to the perpendicular
sliding member 209. The diagnostician‘s fingers can
pull on the strap 2104 so as to slide the perpendicular
sliding member 209 upwardly.
[0145] A pair of grooves 2101 opening downward are
formed at the lower surface of the transverse sliding
member 2100, and the bottoms thereof are provided
with teeth, so as to be toothed portions 2102, which are
in mesh with the toothed potions 2092 of the perpendic-
ular sliding member 209. The toothed potions 2092 of
the perpendicular sliding member 209 are inserted into
the grooves 2102 of the transverse sliding meter 2100,
so that the transverse sliding member 2100 is slidable in
relation to the perpendicular sliding member 209 in the
transverse direction (perpendicular direction to Fig. 32 )
and vertical movement of the transverse sliding member
2100 is restricted.

[0146] A projection 2103, which is formed at the lower
surface of the transverse sliding member 2100, pro-
trudes downward and is inserted into the through-hole
2093 of the perpendicular sliding member 209. A strain
gauge 206 is mounted on the lowermost end of the pro-
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jection 2103.

[0147] With such a structure, the position of the strain
gauge 206 is vertically and transversely adjusted in the
simple manner similarly to thefifth embodiment. In addi-
tion, after the start of the measurement, the strain

gauge 206 is prevented from being moved by a force
similar to the pulsation force, so that accurate measure-
ment results can be obtained as similar to the fifth
embodiment.

[0148] In another variant of the fifth embodiment, as
shown in Fig. 33, it is possible to make a finger-insertion
hole 2053, into which a finger of the diagnostician can
be inserted, at the perpendicular sliding member 205.
With such a structure, the diagnostician can insert his
finger into the insertion hole 2053 and can press down
the perpendicular sliding member 205. Therefore, it is
easy to adjust the position of the strain gauge 206. In
addition, the inserted finger with another finger or thumb
can readily pick up the strain gauge 206. The same fin-
ger-insertion hole may be made at the perpendicular
sliding member 205 in Fig. 31 or the transverse sliding
member 2100 in Fig. 32.

W

6-1. STRUCTURE Of PULSE WAVE MEASUREMENT
DEVICE OF SIXTH EMBODIMENT

[0149] With reference to Figs. 34 and 35, a pulse wave
measuresent device according to a sixth embodiment,
which is more preferable than the fifth embodiment, will
be described. In Figs. 34 and 35, the same reference
symbols are attached to common elements to the fifth
embodiment, and description thereof will be omitted.
[0150] Fig. 34 shows a pulse wave measuring device
2200 comprising a pair of supporting members 203, and
a pair of transverse or horizontal sliding members 2201
slidably and respectively arranged on the upper sur-
faces of the supporting members 203. Side surfaces,
facing to each other, of the transverse sliding members
2201 are provided with toothed portions 2202. A per-
pendicular sliding member 2203 is situated between the
transverse sliding members 2201 in a manner that the
member 2204 is slidable vertically. The opposing side
surfaces of perpendicular sliding member 2203 are pro-
vided with toothed portions 2204, which mesh, with the
toothed portions 2202.
[0151] A through-hole penetrating perpendicular is
formed at the perpendicular sliding member 2203. A fin-
ger-insertion member 2206 is rotatably inserted into the
through-hole 2205. More specifically, a circular groove
2207 is formed at the inner surface of the through-hole
2205. A peripheral ridge, formed on the outer peripheral
surface of the finger-insertion member 2206, engages
with the groove 2207, thereby restricting vertical move-
ment of the finger-insertion member 2206. In addition, a
pair of L-shaped pull members 2252, on which the diag-
nostician's fingers can hang or pull, are mounted on the

EP 0 922 432 A1

10

15

20

25

30

35

40

45

50

55

19

34

perpendicular sliding member 2203.

[0152] As best shown in Fig. 35, the finger-insertion
member 2206 is bent at an angle of about 45 degree in
relation to the perpendicular line to the tangential plane
on the patient's skin. A finger of the diagnostician may
be inserted into the insertion hole 2210 formed at the

finger-insertion member 2206. The lower opening 2235
of the insertion hole 2210 at the lowermost end of the

finger-insertion member 2206 is covered with an elastic
film or membrane 2211. A small groove 2212 is formed
at the elastic membrane 2211. When measuring blood
pulse wave, the elastic membrane 2211 press down the
more elastic or softer skin parts at the sides of the radial
artery, whereby the skin over the radial artery is readily
positioned in the groove 2212.
[0153] Fig. 36 is a view taken along line XXXVI-XXXVI
of Fig. 35, especially showing the finger-insertion mem-
ber 2206. As shown in Fig. 36, a strain gauge 206 is
mounted on the lower end surface of the finger-insertion
member 2206. The strain gauge 206 is arranged at the
periphery of the opening 2235 and in the same line of
the groove 2212, so that the strain gauge 206 is posi-
tioned on the radial artery 100 when the skin over the
radial artery 100 is positioned in the groove 2212.

6-2. USE OF PULSE WAVE MEASURING DEVICE OF
SIXTH EMBODIMENT

[0154] Next, usage of the pulse wave measuring
device 2200 according to the sixth embodiment will be
next described. In the following, the embodiment is
exemplified by measurement of pulse wave of the
human radial artery. However, it is not intended to
restrict the scope of the invention to measure human
pulse wave, and rather the device can be used for
measuring pulse wave of other animals.
[0155] First, the pulse wave measuring device 2200 is
set on the patient's forearm as shown in Figs. 34 and
35. The diagnostician next inserts his finger into the fin-
ger-insertion hole 2210. Then, he slides the transverse
sliding members 2201 as similar to the fifth embodi-
ment, thereby positioning the strain gauge 206 above
the radial artery 100.
[0156] After the positioning of the transverse sliding
members 2201, the diagnostician slides the perpendic-
ular sliding member 2203 downwardly using with the fin-
ger inserted into the hole 2210, so that the strain gauge
206 is moved at a position to give an appropriate pres-
sure to the radial artery. He can search the appropriate
position using with his finger sense although there is the
elastic membrane 2211 between the finger and the
patient's skin. That is, the strain gauge 206 can be posi-
tioned at the appropriate position by means of the diag-
nostician‘s sense of touch. Consequently, in
accordance with this embodiment. the positioning of the
strain gauge 206 is more accurate and easier than that
according to the fifth embodiment using with the diag-
nostician's sense of sight.
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[0157] In addition, since the insertion hole 2210 is
inclined at 45 degree, the finger inclination, articular
bend, contact feeling, and the like may be natural and
similar to those in the normal or manual diagnosis.
Therefore, the strain gauge 206 is positioned accurately.

[0158] As shown in Fig. 37, the diagnostician can
insert his second finger into the insertion hole 2210, and
can pull his forefinger and third finger on the pull mem-
bers 2252, so as to lift the perpendicular sliding member
2203 with the strain gauge 206. Therefore, the adjust-
ment of the strain gauge 206 to the appropriate position
can be facilitated while using with the finger‘s sense of
touch.

[0159] After the completion of the positioning of the
strain gauge 206 as described above, the pulse wave
measurement is started. While the measurement, since
the toothed portions 2202 and 2204 of the sliding mem-
bers 2201 and 2203 are in mesh with each other and

the toothed portions 2033 and 2041 of the members
203 and 204 are also in mesh with each other, the strain
gauge 206 is not moved by a force equivalent to the pul-
sation force.

[0160] Additionally, by revolving the linger-insertion
member 2206, the positioning of the patient's skin over
the radial artery 100 into the groove 2212 is facilitated.
More specifically, by revolving the member 2206, if the
insertion hole 2210 is oriented as shown in Fig. 35, so
that the diagnostician's finger in the hole 2210 is aligned
in a plane perpendicular to the patient‘s forearm, the
groove 2212 is oriented in the direction of the radial
artery. Consequently, if the diagnostician aligns his fin-
ger in the hole 2210 in the direction, which is convenient
for detecting the pulse manually, the patient's skin over
the radial artery 100 is readily positioned into the groove
2212.

[0161] Accordingly, the radial artery 100 is stably posi-
tioned in the groove 2212, so that the strain gauge 206
is prevented from being moved in the transverse direc-
tion. In addition, the adjustment of the pressure on the
blood vessel can be facilitated. Therefore, it is possible
to continue to give an appropriate pressure on the radial
artery, whereby more accurate measurement results
can be obtained. The pulse waveform is visually indi-
cated in the monitor display 504 on the basis of the out-
put signal from the strain gauge 206. In the
measurement, since the finger-insertion member 2206
is rotatably inserted in the through-hole 2205, the diag-
nostician can naturally arrange his finger in relation to
the patient‘s arm in both cases of the patient‘s right and
left hands.

7. SEVENTH EMBODIMENT

7-1. STRUCTURE OF PULSE WAVE MEASUREMENT
 

DEVICE OF SEVENTH EMBODIMENT
 

[0162] Next, with reference to Figs. 38 and 39, a pulse
wave measuring device of a seventh embodiment of the
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present invention will be described. In Figs. 38 and 39,
the same reference symbols are attached to common
elements to the fifth or sixth embodiment, and descrip-
tion thereof will be omitted.

[0163] As shown in Figs. 38 and 39, the pulse wave
measuring device 2300 includes a transverse sliding
member 204 at which formed is a screw hole 2301 pen-
etrating vertically. A hollow bolt 2305 is screwed in the
screw hole 2301. A finger-insertion member 2302 is
rotatably inserted in the inner space of the hollow bolt
2305. A peripheral ridge 2307 formed at the finger-
insertion member 2302 is put in the circular groove
2306 formed at the inner surface of the hollow bolt 2305,

so that vertical movement of the finger-insertion mem-
ber 2302 is restricted.

[0164] As shown in Fig. 39, the finger-insertion mem-
ber 2302 is provided with a finger-insertion hole 2301,
that is inclined at about 45 degree, into which the diag-
nostician‘s finger may be inserted. The lower opening
2235 of the insertion hole 2210 at the lowermost end of

the finger-insertion member 2206 is covered with an
elastic film or membrane 2211. A small groove 2212 is
formed at the elastic membrane 2211. When measuring
blood pulse wave, the elastic membrane 2211 press
down the more elastic or softer skin parts at the sides of
the radial artery and the skin over the radial artery is
readily positioned in the groove 2212. A strain gauge
206 is attached to the lover surface of the finger-inser-
tion member 2302 as similar to the sixth embodiment

(see Fig. 36).

7-2. USAGE OF PULSE WAVE MEASURING DEVICE
OF SEVENTH EMBODIMENT

[0165] Next, usage of the pulse wave measuring
device 2300 according to the seventh embodiment will
be next described. In the following, the embodiment is
exemplified by measurement of pulse wave of the
human radial artery. However, it is not intended to
restrict the scope of the invention to measure human
pulse wave, and rather the device can be used for
measuring pulse wave of other animals.
[0166] First, the pulse wave measuring device 2300 is
set on the patient‘s forearm as shown in Fig. 38. The
diagnostician next slides the sliding member 204 trans-
versely, as similar to the fifth embodiment, thereby posi-
tioning the strain gauge 206 above the radial artery 100.
[0167] After the positioning of the transverse sliding
member 204, the diagnostician rotates the hollow bolt
2305 to move the finger-insertion member 2302 down-
wardly while the finger is inserted into the hole 2310, so
that the strain gauge 206 is moved at a position to give
an appropriate pressure to the radial artery 100. He can
search the appropriate position using with his finger
sense although there is the elastic membrane 2211
between the finger and the patient‘s skin. That is, the
strain gauge 206 can be positioned at the appropriate
position by means of the diagnostician's sense of touch.
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Consequently, in accordance with this embodiment as
similar to the sixth embodiment, the positioning of the
strain gauge 206 is more accurate and easier in com-
parison with the fifth embodiment. In this case, while the
second finger is inserted in the insertion hole 2310, the
other fingers may revolve the hollow bolt 2305 to move
it vertically. Therefore, while the second finger can
search the appropriate position, the position of the
strain gauge 206 is adjusted.

[0168] After the completion of the positioning of the
strain gauge 206 as described above, the pulse wave
measurement is started. While the measurement, since

the hollow bolt 2305 attached to the finger-insertion
member 2302 is held in the screw hole 2301, the strain

gauge 206 is not moved although the pulsation force is
exerted thereto.

[0169] Additionally, by revolving the finger-insertion
member 2302, the positioning of the patient's skin over
the radial artery 100 into the groove 2212 is facilitated
as similar to the sixth embodiment. Accordingly, the
radial artery 100 is stably positioned in the groove 2212,
so that the strain gauge 206 is prevented from being
moved in the transverse direction. In addition, the

adjustment of the pressure on the blood vessel can be
facilitated. Therefore, it is possible to continue to give an
appropriate pressure on the radial artery, whereby more
accurate measurement results can be obtained. The

pulse waveform is visually indicated in the monitor dis-
play 504 on the basis of the output signal from the strain
gauge 206. In the measurement, since the finger-inser-
tion member 2302 is rotatably inserted in the hollow bolt
2305, the diagnostician can naturally arrange his finger
in relation to the patient's arm in both cases of the
patient's right and left hands.

8. OTHER VARIANTS OR MODIFICATIONS
 

[0170] Fig. 40 shows a variant of finger-insertion
member, which may be used in any of the sixth and sev-
enth embodiments. As shown in Fig. 40, at the lower
surface of the finger-insertion member 2206 or 2302, a
plurality of strain gauges 2150 are arranged abreast at
the periphery of the opening 2235. The center one of
the strain gauges is aligned in the same line of the
groove 2212 of the elastic membrane 2211.
[0171] With such a structure, the positional or angular
relationship between each strain gauge 2150 and the
blood vessel can be solely determined when the strain
gauges are positioned. Therefore, the displacement of
the blood vessel at various angles according to the pul-
sation can be evaluated by analyzing pulse waveforms
obtained respectively by the strain gauges 2150.
[0172] Fig. 41 shows another variant of finger-inser-
tion member, which may be used in any of the sixth and
seventh embodiments. As shown in Fig. 41, in the fin-
ger-insertion member 2206 or 2302, a pair of strain
gauges 206 are disposed at two positions between
which the elastic membrane 2211 lies. Consequently, at
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the measurement, two strain gauges 206 are aligned
along the direction of the blood vessel. Therefore, it is
possible to diagnose two pulse waveforms between
which there is a time difference.

[0173] In addition, more than two strain gauges 206
may be provided along the direction of the radial artery.
Moreover, it is possible to combine this variant with the
aforementioned variant shown in Fig. 40, Le, a pair of
groups of abreast strain gauges 2150 are attached to
two positions between which the elastic membrane
2211 lies.

[0174] Another modification of finger-insertion mem-
ber, which may be used in any of the sixth and seventh
embodiments, is shown in Fig. 42. As shown in Fig. 42,
in the fiber-insertion member 2206 or 2302, a ring-
shaped strain gauge 206 is attached to the periphery of
the opening 2235, so as to enclose the elastic mem-
brane 2211. With such a structure, if the diagnostician‘s
finger recognizes the radial artery over the elastic mem-
brane 2211, the ring-shaped strain gauge 206 will be
certainly in contact with the skin over the radial artery.
Therefore, in spite of the direction of the finger-insertion
member 2206 or 2302, the strain gauge 206 can be
positioned on the skin above the radial artery. Conse-
quently, it is unnecessary to use the groove 2212 for
positioning the strain gauge 206 on the radial artery.
[0175] Another modification of finger-insertion mem-
ber, which may be used in any of the sixth and seventh
embodiments, is shown in Fig. 43. As shown in Fig. 43,
in the finger-insertion member 2206 or 2302, the elastic
membrane 2211 is not disposed at the opening 2235 of
the insertion hole 2210 or 2310. Namely, the insertion-
hole 2210 or 2310 is completely penetrated, so that the
diagnostician can project his fingertip from the opening
2235. With such a structure, since the finger may touch
the skin above the radial artery directly, the adjustment
of the position of the strain gauge 206 can be facilitated
in order to obtain more accurate measurement results.

[0176] It is not intended to limit the configuration of the
insertion hole 2210 or 2310 to the aforementioned con-

figuration, but rather any configuration permitting the
inserted finger to detect the measured portion may be
utilized. For example, it is possible to form the insertion
hole into which a plurality of fingers can be inserted.
Additionally, it is possible to arrange a plurality of finger-
insertion members so as to align along the patient's
radial artery.
[0177] In a variant of the pulse wave measuring device
of the fifth through seventh embodiments, as shown in
Fig. 46, it is possible to provide supporting portions
2032b instead of the straight supporting portions 2032
of the supporting members 203 on the arm holder 202.
Both ends of each supporting portion 2032b are curved.
Alternatively, as shown in Fig. 47, it is possible to pro-
vide supporting portions 2032c instead of the straight
supporting portions 2032. Each supporting portion
20320 is curved entirely and the upper surface thereof is
convex.
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[0178] By virtue of the arrangement shown in any of
Figs. 45 and 46, the strain gauge 206 can be moved in
parallel with the arm‘s skin. Therefore, anywhere the
strain gauge 206 is moved, the strain gauge 206 can
give a pressure to the tangential plane of the patient's
skin vertically (give a pressure on the patient's skin ver-
tically), so that an accurate measurement is achieved.

[0179] Furthermore, it is possible to apply the pulse
wave measuring device, according to any of the fifth to
seventh embodiments, to the organism status diagnos-
ing device disclosed in WO-97/16114 which diagnoses
health central status on the basis of measurement of

blood pulse wave at peripheral vessels. Since an accu-
rate pulse waveform can be measured by virtue of the
pulse wave measuring device according to any of the
fifth to seventh embodiments, accurate central physio-
logical status can be diagnosed using with the organism
status diagnosing device.
[0180] In any of the above-described embodiments,
the measured vessel is the human radial artery, but it is
not intended to limit the present invention thereto. If the
supporting manner for the measurement device is mod-
ified, the device can measure pulse waves at other
arteries, for example, the carotid artery. Fig. 17 shows
various arteries and veins of a human being, and the
device according to the present invention can measure
the arteries illustrated here. Furthermore, it is possible
to measure pulse waves of animals other than a human
being.
[0181] In addition, it is not intended to limit the present
invention to measure blood pulse waves of organism.
Rather, the invented device can measure other articles

where pulsation occurs.
[0182] Moreover, the pressure measuring device 80
can be used for another pressure measurement other
than pulsation measurement.

Claims

1. A pulse wave measuring device for measuring
pulse wave at a blood vessel of an organism, com-
prising:

a vessel pressing portion being pressed
against a skin over the blood vessel of the
organism;
a pulsation measuring sensor for measuring
pulsation of the blood vessel pressed by the
vessel pressing portion;
two vessel-vicinity pressing portions being
harder than the blood vessel of the organism
and having distal ends, respectively, the distal
ends being pressed against the skin of the
organism at both sides of the vessel pressing
portion; and
adjusting means for adjusting an interval
between the vessel-vicinity pressing portions.
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A pulse wave measuring device according to claim
1, wherein the vessel pressing portion is situated
back from the distal ends of the vessel-vicinity
pressing portions.

A pulse wave measuring device for measuring
pulse wave at a blood vessel of an organism, com-
prising:

a vessel pressing portion being pressed
against a skin over the blood vessel of the
organism;
a pulsation measuring sensor for measuring
pulsation of the blood vessel pressed by the
vessel pressing portion; and
two vessel-vicinity pressing portions being
harder than the blood vessel of the organism
and having distal ends, respectively, the distal
ends being pressed against the skin of the
organism at both sides of the vessel pressing
portion, the vessel pressing portion being situ-
ated back from the distal ends of the vessel-

vicinity pressing portions.

A pulse wave measuring device according to one of
claims 1 to 3, wherein the pulsation measuring sen-
sor is a pressure sensor which outputs a pulse
wave signal according to varying stress transmitted
from the vessel pressing portion because of pulse
wave of the blood vessel.

A pulse wave measuring device according to claim
4. comprising:

a beam supported by a support;
a plurality of the vessel pressing portions pro-
vided at the beam and arranged at intervals
along a direction of the blood vessel of the
organism; and
a plurality of the pressure sensors respectively
corresponding to the vessel pressing portions.

A pulse wave measuring device according to one of
claims 1 to 3, wherein the pulsation measuring sen-
sor comprises emitting means for emitting a wave
to make the wave progress toward the blood vessel;
and receiving means for receiving the wave which
is reflected from or penetrated through the blood
vessel, and for outputting, on the basis of the
received wave, a pulse wave signal according to
pulse wave.

A pulse wave measuring device for measuring a
pulse wave at a blood vessel of an organism, com-
prising:

a beam supported by a support;
a plurality of vessel pressing portions provided
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at the beam and arranged at intervals along a
direction of the blood vessel of the organism,
each of the vessel pressing portion being
pressed against a skin over the blood vessel of
the organism;

a plurality of pressure sensors respectively cor-
responding to the vessel pressing portions,
each of the pressure sensors outputting a
pulse wave signal according to varying stress
transmitted from the corresponding vessel
pressing portion because of pulse wave of the
blood vessel; and

two vessel-vicinity pressing portions being
harder than the blood vessel of the organism
and having distal ends, respectively, the distal
ends being pressed against the skin of the
organism at both sides of the vessel pressing
portions.

A pulse wave measuring device according to claims
5 or 7, wherein each of the pressure sensors com-
prises a piezoelectric element mounted on the
beam for outputting an electric signal according to
varying stress transmitted from the corresponding
vessel pressing portion, the beam including a prox-
imal portion and a thinner portion formed between
the proximal portion and the vessel pressing por-
tions, the thinner portion being thinner than other
portions of the beam, the piezoelectric element
being longer than the thinner portion and mounted
on the thinner portion entirely and on another por-
tion, which is closer to the proximal portion or ves-
sel pressing portion than the thinner portion,
partially.

A pulse wave measuring device according to claim
8, wherein an area of cross section of the thinner

portion of the beam, on which the piezoelectric ele-
ment is mounted, is equal to or less than 60% of an
area of total cross section of the thinner portion and
the piezoelectric element mounted thereon.

A pulse wave measuring device according to claim
5 or 7, wherein each of the pressure sensors com-
prises a piezoelectric element mounted on the
beam for outputting an electric signal according to
varying stress transmitted from the corresponding
vessel pressing portion, an area of cross section of
the thinner portion of the beam, on which the piezo-
electric element is mounted, being equal to or less
than 60% of an area of total cross section of the

thinner portion and the piezoelectric element
mounted thereon.

A pulse wave measuring device according to one of
claims 8 to 10, wherein the beam is divided so as to

include a plurality of the thinner portions and the
vessel pressing portions in order to measure stress

variation at a plurality points on the blood vessel,
and a plurality of the piezoelectric elements are pro-
vided on the thinner portions, respectively.

5 12. A pulse wave measuring device comprising:

a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting member and slidable

10 perpendicularly in relation to the supporting
member;
measuring means situated at the perpendicular
sliding member for measuring pulse wave at a
blood vessel of an organism; and

15 first and second toothed portions formed at
mutual sliding faces of the supporting member
and the perpendicular sliding member, respec-
tively and meshed with each other.

20 13. A pulse wave measuring device comprising:

a supporting member;
a transverse sliding member which is sup-
ported by the supporting member and slidable

25 transversely in relation to the supporting mem-
ber;
a perpendicular sliding member which is sup-
ported by the transverse sliding member and
slidable perpendicularly in relation to the trans-

30 verse sliding member;
measuring means situated at the perpendicular
sliding member for measuring pulse wave at a
blood vessel of an organism;
third and fourth toothed portions formed at

35 mutual sliding faces of the supporting member
and the transverse sliding member, respec-
tively and meshed with each other; and
fifth and sixth toothed portions formed at
mutual sliding faces of the transverse sliding

40 member and the perpendicular sliding mem-
ber, respectively and meshed with each other.

14. A pulse wave measuring device comprising:

45 a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting member and slidable
perpendicularly in relation to the supporting
member; a transverse sliding member which is

50 supported by the perpendicular sliding member
and slidable transversely in relation to the per-
pendicular sliding member;
measuring means situated at the transverse
sliding member for measuring a pulse wave at

55 a blood vessel of an organism;
seventh and eighth toothed portions formed at
mutual sliding faces of the supporting member
and the perpendicular sliding member, respec-
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tively and meshed with each other, and

ninth and tenth toothed portions formed at
mutual sliding faces of the perpendicular slid-
ing member and the transverse sliding mem-
ber, respectively and meshed with each other.

A pulse wave measuring device according to claim
12, wherein first and second toothed portions are
formed so as to restrict mutual slide of the support-
ing member and the perpendicular sliding member
if a pulsation force is exerted thereto along their sli-
dable direction when measuring pulse wave.

A pulse wave measuring device according to claim
13, wherein fifth and sixth toothed portions are
formed so as to restrict mutual slide of the trans-

verse sliding member and the perpendicular sliding
member if a pulsation force is exerted thereto along
their slidable direction when measuring pulse wave.

A pulse wave measuring device according to claim
14, wherein seventh and eighth toothed portions
are formed so as to restrict mutual slide of the sup-
porting member and the perpendicular sliding
member if a pulsation force is exerted thereto along
their slidable direction when measuring pulse wave.

A pulse wave measuring device according to one of
claims 12, 13, 15, and 16, wherein the perpendicu-
lar sliding member includes an insertion hole, in
which a diagnostician's finger can be inserted, and
an elastic membrane arranged within the insertion
hole and at one end of the insertion hole.

A pulse wave measuring device according to claim
14 or 17, wherein the transverse sliding member
includes an insertion hole, in which a diagnosti-
cian‘s finger can be inserted, and an elastic mem-
brane arranged within the insertion hole and at one
end of the insertion hole.

A pulse wave measuring device according to one of
claims 12, 13, 15, and 16, wherein the perpendicu-
lar sliding member includes an insertion hole pene-
trating perpendicularly, so that a diagnostician's
finger can pass therethrough.

A pulse wave measuring device according to claim
14 or 17, wherein the transverse sliding member
includes an insertion hole penetrating perpendicu-
larly, whereby a diagnostician's finger can pass
therethrough.

A pulse wave measuring device according to claim
18, wherein a groove is formed at the elastic mem-
brane, the skin over the blood vessel of the organ-
ism being capable of positioned into the groove.
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A pulse wave measuring device according to claim
19, wherein a groove is formed at the elastic mem-
brane, the skin over the blood vessel of the organ-
ism being capable of positioned into the groove.

A pulse wave measuring device according to claim
22, wherein the perpendicular sliding member is
provided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the perpendicular slid-
ing member.

A pulse wave measuring device according to claim
23, wherein the transverse sliding member is pro-
vided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the transverse sliding
member.

A pulse wave measuring device according to claim
22, wherein the perpendicular sliding member is
provided with a pull portion on which a diagnosti-
cian's finger can pull, so as to slide the perpendicu-
lar sliding member.

A pulse wave measuring device comprising:

a supporting member;
a transverse sliding member which is sup-
ported by the supporting member and slidable
transversely in relation to the supporting mem-
ber, a screw hole being formed perpendicularly
at the transverse sliding member;
eleventh and twelfth toothed portions formed at
mutual sliding faces of the supporting member
and the transverse sliding member, respec-
tively and meshed with each other;
a perpendicular sliding member which is
screwed in the screw hole of the transverse

sliding member and movable perpendicularly
to the transverse sliding member by rotation;
and

measuring means situated at the perpendicular
sliding member for measuring pulse wave at a
blood vessel of an organism.

A pulse wave measuring device according to claim
27, wherein the perpendicular sliding member
includes an insertion hole, in which a diagnosti-
cian's finger can be inserted, and an elastic mem-
brane arranged within the insertion hole and at one
end of the insertion hole.

A pulse wave measuring device according to claim
27, wherein the transverse sliding member includes
an insertion hole penetrating perpendicularly,
whereby a diagnostician‘s finger can pass there-
through.
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A pulse wave measuring device according to claim
28, wherein a groove is formed at the elastic mem-
brane, the skin over the blood vessel 01 the organ-
ism being capable of positioned into the groove.

A pulsation measuring device for measuring pulsa-
tion at a measured subject of a measured thing,
comprising:

a subject pressing portion being pressed
against a covering over the measured subject
01 the measured thing;
a pulsation measuring sensor for measuring
pulsation of the measured subject pressed by
the subject pressing portion;
two subject-vicinity pressing portions being
harder than the measured subject of the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering ot the measured thing at both sides at the
subject pressing portion; and
adjusting means for adjusting an interval
between the subject-vicinity pressing portions.

A pulsation measuring device according to claim
31, wherein the subject pressing portion is situated
back from the distal ends of the subject-vicinity
pressing portions.

A pulsation measuring device for measuring pulsa-
tion at a measured subject of a measured thing,
comprising:

a subject pressing portion being pressed
against a covering over the measured subject
at the measured thing;
a pulsation measuring sensor for measuring
pulsation of the measured subject pressed by
the subject pressing portion; and
two subject-vicinity pressing portions being
harder than the measured subject 01 the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering ot the measured thing at both sides 01 the
subject pressing portion, the subject pressing
portion being situated back from the distal ends
01 the subject-vicinity pressing portions.

A pulsation measuring device according to one of
claims 31 to 33, wherein the pulsation measuring
sensor is a pressure sensor which outputs a pulsa-
tion signal according to varying stress transmitted
from the subject pressing portion because of pulsa-
tion 01 the measured subject.

A pulsation measuring device according to claim
34, comprising: a beam supported by a support;
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a plurality of the subject pressing portions pro-
vided at the beam and arranged at intervals
along a direction of the measured subject of the
measured thing; and

a plurality of the pressure sensors respectively
corresponding to the subject pressing portions.

A pulsation measuring device according to one of
claims 31 to 33, wherein the pulsation measuring
sensor comprises emitting means tor emitting a
wave to make the wave progress toward the meas-
ured subject; and receiving means for receiving the
wave which is reflected from or penetrated through
the measured subject, and for outputting, on the
basis of the received wave, a pulsation signal
according to pulsation.

A pulsation measuring device for measuring pulsa-
tion at a measured subject of a measured thing,
comprising:

a beam supported by a support;
a plurality 01 subject pressing portions provided
at the beam and arranged at intervals along a
direction of the measured subject 01 the meas-
ured thing, each of the subject pressing portion
being pressed against a covering over the
measured subject of the measured thing;
a plurality ot pressure sensors respectively cor-
responding to the subject pressing portions,
each 01 the pressure sensors outputting a pul-
sation signal according to varying stress trans-
mitted from the corresponding subject pressing
portion because of pulsation of the measured
subject; and
two subject-vicinity pressing portions being
harder than the measured subject at the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering ot the measured thing at both sides 01 the
subject pressing portions.

A pulsation measuring device according to claims
35 or 37, wherein each 01 the pressure sensors
comprises a piezoelectric element mounted on the
beam for outputting an electric signal according to
varying stress transmitted trom the corresponding
subject pressing portion, the beam including a
proximal portion and a thinner portion formed
between the proximal portion and the subject
pressing portions, the thinner portion being thinner
than other portions of the beam, the piezoelectric
element being longer than the thinner portion and
mounted on the thinner portion entirely and on
another portion, which is closer to the proximal por-
tion or subject pressing portion than the thinner por-
tion, partially.
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A pulsation measuring device according to claim
38, wherein an area of cross section of the thinner
portion of the beam, on which the piezoelectric ele-
ment is mounted, is equal to or less than 60% of an
area of total cross section of the thinner portion and
the piezoelectric element mounted thereon.

A pulsation measuring device according to claim 35
or 37, wherein each of the pressure sensors com-
prises a piezoelectric element mounted on the
beam for outputting an electric signal according to
varying stress transmitted from the corresponding
subject pressing portion, an area of cross section of
the thinner portion of the beam, on which the piezo-
electric element is mounted, being equal to or less
than 60% of an area of total cross section of the

thinner portion and the piezoelectric element
mounted thereon.

A pulsation measuring device according to one of
claims 38 to 40, wherein the beam is divided so as

to include a plurality of the thinner portions and the
subject pressing portions in order to measure
stress variation at a plurality points on the meas-
ured subject, and a plurality of the piezoelectric ele-
ments are provided on the thinner portions,
respectively.

A pulsation measuring device comprising:

a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting member and slidable
perpendicularly in relation to the supporting
member;
measuring means situated at the perpendicular
sliding member for measuring pulsation at a
measured subject of a measured thing; and
first and second toothed portions formed at
mutual sliding faces of the supporting member
and the perpendicular sliding member, respec-
tively and meshed with each other.

A pulsation measuring device comprising;

a supporting member;
a transverse sliding member which is sup-
ported by the supporting member and slidable
transversely in relation to the supporting mem-
ber;
a perpendicular sliding member which is sup-
ported by the transverse sliding member and
slidable perpendicularly in relation to the trans-
verse sliding member;
measuring means situated at the perpendicular
sliding member for measuring pulsation at a
measured subject of a measured thing;
third and fourth toothed portions formed at
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mutual sliding faces of the supporting member
and the transverse sliding member, respec-
tively and meshed with each other; and

fifth and sixth toothed portions formed at
mutual sliding faces of the transverse sliding
member and the perpendicular sliding mem-
ber, respectively and meshed with each other.

A pulsation measuring device comprising:

a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting member and slidable
perpendicularly in relation to the supporting
member;

a transverse sliding member which is sup-
ported by the perpendicular sliding member
and slidable transversely in relation to the per-
pendicular sliding member; measuring means
situated at the transverse sliding member for
measuring pulsation at a measured subject of
a measured thing;
seventh and eighth toothed portions formed at
mutual sliding faces of the supporting member
and the perpendicular sliding member, respec-
tively and meshed with each other; and
ninth and tenth toothed portions formed at
mutual sliding faces of the perpendicular slid-
ing member and the transverse sliding mem-
ber, respectively and meshed with each other.

A pulsation measuring device according to claim
42, wherein first and second toothed portions are
formed so as to restrict mutual slide of the support-
ing member and the perpendicular sliding member
if a pulsation force is exerted thereto along their sli-
dable direction when measuring pulsation.

A pulsation measuring device according to claim
43, wherein fifth and sixth toothed portions are
formed so as to restrict mutual slide of the trans-

verse sliding member and the perpendicular sliding
member if a pulsation force is exerted thereto along
their slidable direction when measuring pulsation.

A pulsation measuring device according to claim
44, wherein seventh and eighth toothed portions
are formed so as to restrict mutual slide of the sup-
porting member and the perpendicular sliding
member if a pulsation force is exerted thereto along
their slidable direction when measuring pulsation.

A pulsation measuring device according to one of
claim 42, 43, 45, and 46, wherein the perpendicular
sliding member includes an insertion hole, in which
a measurer‘s finger can be inserted, and an elastic
membrane arranged within the insertion hole and at
one end of the insertion hole.
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A pulsation measuring device according to claim 44
or 47, wherein the transverse sliding member
includes an insertion hole, in which a measurer's
finger can be inserted, and an elastic membrane
arranged within the insertion pole and at one end of
the insertion hole.

A pulsation measuring device according to one of
claims 42, 43, 45, and 46, wherein the perpendicu-
lar sliding member includes an insertion hole pene-
trating perpendicularly, so that a measurer's finger
can pass therethrough.

A pulsation measuring device according to claim 44
on 47, wherein the transverse sliding member
includes an insertion hole penetrating perpendicu-
larly, whereby a measurer‘s finger can pass there-
through.

A pulsation measuring device according to claim
48, wherein a groove is formed at the elastic mem-
brane, the covering over the measured subject of
the measured thing being capable of positioned into
the groove.

A pulsation measuring device according to claim
49, wherein a groove is formed at the elastic mem-
brane, the covering over the measured subject of
the measured thing being capable of positioned into
the groove.

A pulsation measuring device according to claim
52, wherein the perpendicular sliding member is
provided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the perpendicular slid-
ing member.

A pulsation measuring device according to claim
53, wherein the transverse sliding member is pro-
vided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the transverse sliding
member.

A pulsation measuring device according to claim
52, wherein the perpendicular sliding member is
provided with a pull portion on which a measurer's
finger can pull, so as to slide the perpendicular slid-
ing member.

A pulsation measuring device comprising:

a supporting member;
a transverse sliding member which is sup-
ported by the supporting member and slidable
transversely in relation to the supporting mem-
ber, a screw hole being formed perpendicularly
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at the transverse sliding member;

eleventh and twelfth toothed portions formed at
mutual sliding faces of the supporting member
and the transverse sliding member, respec-
tively and meshed with each other;
a perpendicular sliding member which is
screwed in the screw hole of the transverse

sliding member and movable perpendicularly
to the transverse gliding member by rotation;
and

measuring means situated at the perpendicular
sliding member for measuring pulsation at a
measured subject of a measured thing.

A pulsation measuring device according to claim
57, wherein the perpendicular sliding member
includes an insertion hole, in which a measurer's
finger can be inserted, and an elastic membrane
arranged within the insertion hole and at one end of
the insertion hole.

A pulsation measuring device according to claim
57, wherein the transverse sliding member includes
an insertion hole penetrating perpendicularly,
whereby a measurer's finger can pass there-
through.

A pulsation measuring device according to claim
58, wherein a groove is formed at the elastic mem-
brane, the covering over the measured subject of
the measured thing being capable of positioned into
the groove.

A pressure measuring device comprising:

a beam having at least one proximal portion
supported by a support;
a subject pressing portion provided at the
beam and pressed against a measured sub-
ject; and
a piezoelectric element mounted on the beam
for outputting an electric signal according to
varying stress transmitted from the subject
pressing portion, the beam including a thinner
portion formed between the proximal portion
and the subject pressing portion, the thinner
portion being thinner than other portions of the
beam, the piezoelectric element being longer
than the thinner portion and mounted on the
thinner portion entirely and on another portion
partially, which is closer to the proximal portion
or subject pressing portion than the thinner
portion.

A pressure measuring device according to claim
61, wherein an area of cross section of the thinner

portion of the beam, on which the piezoelectric ele-
ment is mounted, is equal to or less than 60% of an
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area of total cross section ol the thinner portion and
the piezoelectric element mounted thereon.

63. A pressure measuring device comprising:

a beam having at least one proximal portion
supported by a support;
a subject pressing portion provided at the
beam and pressed against a measured sub-
ject; and 10
a piezoelectric element mounted on the beam
for outputting an electric signal according to
varying stress transmitted from the subject
pressing portion, an area of cross section of
the thinner portion of the beam, on which the 15
piezoelectric element is mounted, being equal
to or less than 60% of an area of total cross

section ot the thinner portion and the piezoe-
lectric element mounted thereon.

2o

64. A pressure measuring device according to one of
claims 61 to 63, wherein the beam is divided so as

to include a plurality of thinner portions and the sub-
ject pressing portions in order to measure stress
variation at a plurality points on the measured sub- 25
ject, and a plurality of the piezoelectric elements
are provided on the thinner portions, respectively.
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IWETHOD AND DEVICE FOR MONITORING BLOOD PRESSURE

FIELD OF THE INVENTION

The present invention relates to a method and device for monitoring blood pressure. In

particular, such method and device is non-invasive to the human body and the device is

preferably portable.

BACKGROUND AND PRIOR ART

Hypertension is a silent killer. According to the National Health Survey, 1998, about

27.3% of the Singapore population between the ages of 30-69 years are hypertensive. This

translates to about 600,000 hypertensives based on the 2.2 million people in this age group, of

whom about half have not been previously diagnosed. The pr‘evaleIiCe of hypertension and its

related complications are on the rise, with:

1. one new hospital admission for stroke every hour;

2. 25% of stroke patients are < 45 years old;

3. one heart attack every 3 hours as recorded by the Acute Myocardial Infarction

Register;

4. more and younger patients requiring renal dialysis.

Such facts are not unique to Singapore. Many developed countries have comparable, if

not higher, statistics. In other words, hypertension is a global problem of epidemic proportions.

In Singapore alone, there is at least one person coming down with stroke every hour. The

numbers are rising year after year. Moreover, death from stroke in Singapore accounts for more

than 12% of all deaths since 1996.

Together with heart ailment, it accounts for more than 32% of all deaths since 1996, ie.

more than one—third of all mortalities in Singapore.

Further, every year there are about 27,000 to 30,000 pregnancies leading to successful

deliveries. Of these, thousands of pregnant women suffer from a condition called pre-eclampsia.

This is a condition whereby the mother suffers from a rise in blood pressure during pregnancy.

The blood pressure can rise to dangerous levels without warning and it can lead to convulsion

and brain damage to the mother, and sudden intra—uterine death of the baby. The morbidity and

mortality of pre-eclampsia is directly related to the level and control of blood pressure of the

patient.
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The central event linking the 3 major ailments is blood pressure. In fact, in many

instances of strokes and heart attacks, the usual and final pathway is a sudden and dangerous rise

in blood pressure before catastrophe strikes.

Therefore, the detection and prevention of further rises or falls in the final pathway holds

the key to the prevention and reduction of strokes, heart attacks and eclampsia.

Currently, patients who suffer from the above illnesses are monitored either as outpatients

or iii-patients in a hospital. The majority of these are outpatients. When one visits a doctor, be it

monthly or fortnightly, the blood pressure reading is obtained by using a blood pressure cuff

sphygmomanometer. They use occlusive methods, i.e. air is pumped into the cuff to occlude the

artery and is slowly released to finally allow the blood to overcome the resistance and flow

through. A flow turbulence is thus set up and picked up by the doctor listening to it. The blood

pressure is then recorded. The self-monitoring devices that are available on the market generally

all use occlusive methods, the difference being the turbulence are picked up by various methods,

such as via a microphone. In other words, the number of readings is totally dependent on the

number of times that the artery is being occluded, whether it is manual or pre—set electronically.

The monitoring is therefore not continuous, in the sense ofhaving beat-to-beat readings.

To make matters worse, whenever the doctor detects a normal or "good" blood pressure in

his clinic, he usually makes 3 assumptions:

1. the patient's blood pressure from the last test must be "good“;

2. his blood pressure until the next test will be "good"; therefore, he will not have a

stroke, heart attack or convulsion as in the case of a pre—eclampsic woman.

Unfortunately, these assumptions are far from the truth as the above incidents have

revealed. Casual blood pressure measurements taken in the doctor’s office or by the patients

themselves are not necessarily representative of a person’s 24—hours blood pressure. Therefore, it

would be advantageous to be able to catch the "final pathway" of sudden changes in blood

pressure/pulse, by being able to monitor a person’s blood pressure continuously and be able to

sound the alarm at the right time to prevent a catastrophe.

One method of continuously monitoring blood pressure is suggested in United States

Patent Number 5,485,848. That patent purports to disclose a non-invasive and non—intrusive

portable device for monitoring a user's arterial blood pressure. However, that device has the

disadvantage that it needs to fix a nominal or base pressure by fixing the strap tension. The

calibration is also user-specific. It assumes that base pressure can be maintained constant for the
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calibration to work. It is not practically possible to fix the base pressure of a moving wrist by the

methods described. At most, it only keeps the strap circumference constant, instead of keeping

the pressure constant. By fixing the circumference of the strap, pressure changes are even greater

with movement and changes in position of the hand. Thus, the wrist position cannot change. In

practice, it is difficult to keep the pressure constant as a slight change in wrist pressure and sensor

position affects readings to an appreciable extent. Furthermore, the calibration involves

extrapolation and interpolation of readings. Therefore, user conditions must remain uniform,

since one has to show a linear relationship which may not exist if user conditions are otherwise.

In accordance with the described formula for calculating blood pressure, the pressure sensed by

the piezoelectric film transducer is dependent on the area of contact, distance from the artery and

source of the signal. These are factors which cannot practically be fixed with the described
device.

To provide continuity in monitoring, the blood pressure must be measured on a

beat-to-beat basis, as in intra—ar‘terial monitoring.

The time-keeping function of'a watch should be integrated with the blood pressure data,

as this will provide a meaningful interpretation of the trend or pattern of blood pressure seen or

recorded over a period of time. The downloading of data over time may become important in an
unfortunate event of the death of a wearer.

Similarly, in the collection of data by the sensor, the position of the sensor and the

fixation of the sensor must be considered. In order to accurately collect data from every beat of

the heart, the sensor compartment must be able to receive reliable data with the wrist in different

positions. In the prior art, the data can only be reliably collected when the hand is held fixed at a

certain position, i.e. with restrictions. The prior art may try to overcome the movement of the

strap by increasing the strap pressure. Usually, this is not only impractical, but undesirable as the

compression of veins will cause significant congestion in the hand distal to it in just a few

minutes. This can lead to numbness and further medical complications.

The Median Nerve at the Carpal Tunnel would be compressed causing numbness of the

finger in a few minutes. As a result, the hand or fingers will swell, causing further congestion.

This not only greatly affects the signal, but is harmful to the wearer. Therefore, the challenge is

to be able to design the strap system that is comfortable to the wearer over a long period and

holds the sensor in position well so as to allow for natural movement of the hand/wrist and

collects the data accurately.
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The donning and doffing of the wrist monitor and the whole calibration has to be simple

and user—friendly for it to be of value for a person who is not medically trained.

However, there is overwhelming evidence in the past 3—4 years that demand us to take a

new look at blood pressure monitoring. According to Professor Eoin O’Brien from the

Beaumont HOSpital, Dublin, lreland, different individuals fall into distinctly different blood

pressure patterns, which can only be identified by 24»hours tracings of the blood pressure (as

opposed to single, momentary clinic/office reading). The 9 (not exhaustive) main blood pressure

patterns identified are:

1. Normal Blood Pressure;

Borderline Hypertension;

Isolated Systolic Hypertension;

Isolated Diastolic Hypertension;

Systolic & Diastolic Hypertension with night time dip;

Systolic & Diastolic Hypertension without night time dip;

Nocturnal Hypertension; 1

White Coat Hypertension; ‘

wesaweww
White Coat Normotension.

Naturally, each individual pattern has its own risks and implications that require its

unique management, which may or may not require pharmacological intervention. Without 24-

hours blood pressure tracings, White Coat Hypertensive patients may unwittingly be put at

increased risk due to unnecessary treatment. On the other hand, certain blood pressure patterns

may predispose an individual to increased risk of a stroke or heart attack and early recognition of

these patterns allow appropriate treatment to be given to arrest or slow the progression of the
disease.

Against this medical background and clinical deficiency, the object of the present

invention is to provide an improved device and method for continuous and non-invasive

monitoring of arterial blood pressure.

SUMNIARY OF THE INVENTION

According to one aspect the present invention consists in a device for norrinvasive

continuous monitoring of a user’s arterial blood pressure
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that is capable of being used as an ambulatory beat—to—beat blood pressure monitor (ABMP)

including,

sensor means adapted to continuously detect said blood pressure and to generate signals

representative thereof by contact with an external surface of the user‘s body at a location adjacent

an artery;

microprocessor means for interpreting said signals generated by the sensor means to

determine actual arterial blood pressure;

wherein the microprocessor is programmed to record a complete and continuous arterial

pulse waveform.

In a further aspect the present invention consists in a method for continuous monitoring

of a user’s arterial blood pressure including the steps of:

recording a complete and continuous arterial pulse pressure waveform,

locating at least the dicrotic notch and the diastolic trough within said continuous arterial

pulse waveform, and

calculating at least one parameter using said waveform and said diastolic trough and

dicr'otic notch locations.

It will be convenient to hereinafter describe the invention in greater detail by reference to

the accompanying drawings which illustrate one particularly preferred embodiment. The

particularity of the drawings and the related description is not to be understood as superseding

the generality of the broad identification of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings relate to one preferred embodiment of the invention.

Figure l is an illustration of an intra-arterial blood pressure monitoring device of the prior
art.

Figure 2 is a side view of a sensor according to the preferred embodiment of the

invention.

Figure 3A is a top perspective view of a housing according to the preferred embodiment

of the invention.

Figure 3B is a bottom perspective view of a housing according to the preferred

embodiment of the invention.

Ul
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Figure 4 is a side view of a sensor of Figure 2 used on the wrist of a wearer and placed

adjacent to and partially occluding the radial artery of the wearer.

Figure 5 is an illustration of the sensor placed next to the radial artery wherein the user‘s

hand is flexed.

Figure 6 is a side View of a portable blood pressure monitoring device of the present

invention as preferably embodied in a watch.

Figure 7 is a perspective view ofthe watch ofFigure 6.

Figure 8 is a pressure v time graph showing a typical single arterial pulse with its

characteristic features.

Figure 9 is a cross sectional side elevation through the sensor and sensor housing

according to the preferred embodiment of the invention illustrated in Figures 3A and 3B.

Figure 10 is a schematic block diagram of a blood pressure monitoring device designed

according to the preferred embodiment of the present invention.

Figure 11 is a schematic circuit diagram of a blood pressure mOnitor device designed

according to the preferred embodiment shown in Figure 10.

Figure 12 is a sample graph showing the voltage output produced by the sensor according

to the described embodiment in response to a pressure applied to the sensor.

Figure 13 is a sample chart showing sensor readings of a wearer's blood pressure taken

over 6 seconds.

Figure 14 is a perspective view of an auto-calibrator that is connected to the blood

pressure nqonitoring device for calibration purposes.

Figure 15 is a flow—chart summarizing the steps involved in the calibration procedure.

Figure 16 is a flow-chart summarizing the steps involved in taking blood pressure

readings.

Figure 17 is a flow-chart summarizing the steps involved in the data transfer and

communications aspect of the invention.

Figure 18 is a flow-chart summarizing the steps involved in the watch determining

whether to sound an alarm to warn of potentially dangerous blood pressure levels.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

According to the preferred embodiment of the present invention, there are several major

components in the design of the device. They are the sensor system to measure the blood
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pressure, a housing for the sensor, the strap system to secure the sensor relative to an artery and

electronic processing unit housed in the watch head for calibration and other interfacing

purposes ,

MEASURING OF BLOOD PRESSURE

The principle behind the design of the present invention is to mimic the intra-anerial

measurement of blood pressure. This intra-arterial method of blood pressure measurement is at

present invasive to the human body.

Figure ] is an illustration of an intra-arterial blood pressure monitoring device 1 of the

prior art. The intra—arterial blood pressure monitoring device 1 generally. comprises an

intra-arterial cannula 2, that is inserted into the radial artery 6 of a patient's wrist 7. As is apparent

from Figure l, the radial artery 6 is adjacent to the radial bone 8. The intra—arterial cannula 2 is

connected to a fluid interface 3, containing a fluid column. The fluid 5 interface 4 is connected

by a tube to a microprocessor and sensor unit 4. The microprocessor and sensor unit 4 detects

changes in the blood pressure in the radial artery 6 and. this information is transmitted to a

pressure display unit 5.

In the intra-arterial blood pressure measuring device I the blood pressure in the radial

artery 6 is sensed, beat—to-beat by the blood column in the inducting cannula 2. This beat~to~beat

change acts on the column of fluid, which is incompressible and will faithfully relay the pressure

change to the microprocessor. The electronic change in signal is then converted to a digital form

and displayed on a graph on the display 5, the systolic being the pressure value when the heart

pumps, and diastolic, the pressure of the column at rest.

The primary disadvantage of the intra-arterial blood pressure monitoring device 1 is that

it is invasive. The patient feels discomfort and pain as the intra-an‘erial cannula 2 is inserted into

his skin 9 and artery 6. Furthermore, the device I is also not portable, such that it is normally

only used in a hospital environment. It is not possible to monitor a person's blood pressure

continuously when he is going about his normal daily activities. lntra-aiterial measurements

cannot be taken with any movement of the wrist. Therefore, the whole wrist must be

immobilised, as during an operation.

This present invention utilises the principle of Applanation Tonometry to capture the

arterial pulse waveform, from which the blood pressure patterns and other medically relevant
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parameters are derived. Unlike currently available devices, this breakthrough method is neither

occlusive nor invasive, and is capable of continuous, 24—hours beat—to—beat monitoring

1n the design of the present invention, the whole system including the strap, the sensor

and the wri st head have to be considered together in order to appreciate the similarity in principle

to the intra-arterial cannula 2.

COMPONENTS OF THE SENSOR SYSTENI

Figure 2 is a side view of a sensor l0 according to one embodiment ofthe invention. An

alternate variation of the sensor is shown in Figure 9.

Referring to Figure 2 the sensor 10 includes a transducer 12 which produces a voltage

output according to pressure changes acting on its diaphragm 14. A plunger 16 is affixed next to

the diaphragm 14 of the transducer 12.

The plunger 16 has a dome shaped or hemispherical head. The plunger 16 sits on the

diaphragm 14 of the transducer 12. The purpose of the diaphragm 14 is to give a constant resting

force on the transducer 12. The plunger 16 is able to float freely in a vertical direction due to a

predetermined gap between the base of plunger 16 and the diaphragm 14. The plunger 16 has an

effective length which is the depth of the applanation, corresponding to a preferred range of 3mm

to 10mm. The diameter of the plunger 16 is preferably between 3111111 to 8mm which correspond

to the physiological diameter of an artery.

In use the plunger 16 pushes into the wrist and partially occludes the radial artery. The

hemispherical shape of plunger 16 ensures comfort over long hours of wearing and also enables

pulsation to be faithfully transmitted to the transducer 12. Advantageously, it enables the

transmission of the pulsation of the radial artery 20 to be picked up even though the wearer‘s

hand may be at various positions as depicted in Figures 4 and 5.

A layer of gel 18 sits between the diaphragm 14 and the plunger 16, the gel layer 18

filters out interference and sharp changes due to unnatural movement. The gel layer 18 also

darnpens the noise to signal ratio.

Referring to Figure 4, in that embodiment the senor is fitted within a housing. The

housing has an outer cover portion 300 and an inner carrier portion 301. The housing will be

described further on with reference to Figures 3A and 3B. In this form the sensor includes a

pressure transducer 912 which produces the voltage output according to pressure changes acting

on its diaphragm 914. A plunger 916 has a domed head 917. The domed head 917 protrudes
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through a circular aperture 310 in the housing 301. It is free to move towards the pressure

transducer 912. When not pressed toward the pressure transducer 912 there is a slight gap

between the plunger 916 and the diaphragm 914 of pressure transducer 912. The pressure

transducer is thereby free floating. This ensures there is no preload of the plunger 916 against the

pressure transducer 912.

Referring to Figures 4 and 5 the plunger depth is selected so that in most normal wrists

(eg: wrist 24), the plunger can occlude not more than half the diameter of the radial artery 20

when the strap is comfortably worn. This will enable full and faithful transmission of the arterial

pulsation to be picked up, including the expansion of the arterial walls, the turbulence of the flow

and the vibration transmitted along the artery wall from the heart.

The Sensor Housing

Figures 3A, 3B and 9 illustrate the preferred housing. The housing includes an outer

cover portion 300 and an inner carrying portion 301. The outer cover portion 300 has a smooth

convex outer surface 302 and a pair of side guards 303 the purpose of the convex outer surface

, and side guards will be set forth later with reference to the padding and anchoring system. The

inward face of cover portion 300 includes a receptacle 3] l for receiving the transducer 912. A

set of protruding legs 308 extend from the inward face of cover portion 300 toward the carrying
portion 301.

The carrying portion 301 includes a generally circular recess 309 for receiving the body

of the transducer 912. The circular recess 309 includes a series of concentric ten‘aces ending at a

circular aperture 3 l O. The circular aperture 310 opens between the recess 309 through the'inward
face 321 of the carrying portion 301. The pressure transducer 912 has a flattened cylindrical

main body 920 and an flanged upper end 921. The main body 920 rests on second terrace 923

within the recess 309. The flange of the flanged upper end 921 rests on first terrace 925. A pair

of locating members 927 extend downward from the cover portion 300. The locating members

927 press against the flanged upper end 921 of the transducer 912 and locate the transducer 912

against the terraces 923 and 925. The plunger 916 has an annular retaining flange 930 at its end

distal from its domed end 917. The retaining flange 930 seats on third terrace 929. Third terrace

929 appears as a lip surrounding aperture 310. This lip retains the plunger 916 to the housing.

The spacing between terraces 929 and 923, the plunger 916 and the diaphragm 914 of pressure

transducer 912 are all such that when the plunger 916 is urged toward leaving the housing
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through aperture 310, but retained by terrace 929, a narrow space or gap 915 lies between the

plunger 916 and the diaphragm 914. As referred to earlier this gap ensures there is no preload on

the transducer 912.

The carrying portion 301 includes locating holes 307 in its outer surface, which receive

the legs 308 of the cover portion 300. The carrying portion includes a notch 320 in the wall of

recess 309. The notch 320 provides an opening to recess 309 with the cover portion 300 located

on the carrying portion 301. This opening permits wiring connections to the sensor 10.

The carrying portion 301 includes a pair of connection legs 305 extending from either

end, Each pair of connection legs 305 are adapted to receive and retain a spring loaded watch

strap retaining bar.

Figure 4 is a side view of the sensor 10 of Figure 2 used on the wrist 24 of a wearer and

placed adjacent to and partially occluding the radial artery 20 of the wearer. Figure 5 is an

illustration of the sensor 10 placed next to the radial artery wherein the user's hand is flexed.

Referring to Figures 4 and 5 the sensor 10 is preferably placed adjacent to the radial

artery 20. The radial artery 20 at the wrist 24 has been chosen because firstly, it rests on the radial

bone 22 dorsally. The radial bone 22 allows for full transmission of the pulsation to be felt as it is

rigid and would not allow for any significant soft tissue compensation. Vertically, the sensor

system 10 is locked in together with the watch straps and watch head as one immovable and un-

stretchable unit. The plunger 16 is thus behaving similarly to the intra—arterial cannula 2, and the

fluid column 3. As the plunger 16 and the diaphragm 14 are the only moving units at each

pulsation, the arterial pressure is accurately picked up as a waveform as each heart beat reaches

the radial artery. Nevertheless, the advantage is that there is no need for the system to be invasive

and it is portable.

The following reasons improve the functionality of the sensor system:

1. For a change in pressure between 0 mnng - 300 mmHg, the diSplacement of the

diaphragm against the pressure variation forms a linear relationship. The range of

voltage change in the sensor for 20 such an equation is between 0.5V to 4V, after

amplification of the signal.

2. The hemispherical plunger 16 allows for faithful transmission in various wrist

positions.

10
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3. The system does not require any fixation of strap pressure. lts main aim is to pick up

the waveform of the pressure in the artery for calibration and calculation of blood

pressure values in the software program.

The housing is designed to house the transducer and the plunger and to effect a vertical

applanation force against the radial artery when used with an elastic strap. This is achieved by

having a smooth convex outer surface (casing cover) with a guard along theside. The smooth

convex surface allows the strap to slide over the casing while the guard maintains the strap in

place. The casing chamber houses the transducer firmly with the diaphragm surface facing

inwards. The inner surface of the housing is designed with seating for the plunger while allowing

a pre-determined gap between the plunger surface and the diaphragm. The plunger protrudes

from the pie-determined aperture in the inner casing.

The Strap System

Referring to Figures 6 and 7, according to the preferred embodiment of the present

invention the housing enclosing the sensor is connected with a watch head 600 and with the wrist

of a wearer by a system of straps and padding The watch head 600 includes a first strap 617

extending from one side edge to connect with a first pair of straps securing legs 305 of the

carrying portion 301 of the housing. The first strap portion 617 is preferably of a length set for a

particular user such that with the watch head 600 against the outer plane of a user’s wrist the

plunger 16 of the sensor will imponge against the radial aretary. This requires the housing to be

skewed to one side of the inner face of the user’s wrist. The first strap portion 617 will hereafter

be referred to as the radial watch strap 617.

The watch head 600 has a second strap portion 604 extending from its other side edge.

The second strap portion 604 will be referred to as' the ulnar strap. The ulnar strap 604 has an

end 606 that passes outwardly through an oblong ring 607 and back upon itself. This outer end

606 fixes to the inner portion of the ulnar strap 604. This fixing is preferably adjustable, for

example by a hook and loop fastener arrangement between the overlap of inner and outer

portions. The radial strap 617 and the ulnar strap 604 are preferably substantially non-extensile.

A second oblong securing ring 609 is secured to the radial strap 617. Preferably this

securment is by a short connecting loop 619 connected with the radial strap 617 and having an

end 621 passing outwardly through the oblong ring 609 to double back on and be secured to

itself. An elasticaly extensile strap portion 61] is connected with the second pair of strap
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connecting legs 305 of the sensor housing. The elastic strap passes outwardly through the oblong

ring 607. An outward portion 613 doubles back over the inward portion 611 and passes over the

outside of the cover portion 300 of the sensor housing. The strap is constrained to sit over the

convex outer surface by side walls 303. The other end 615 of elastic strap 613 passes outwardly

through the second oblong ring 609 doubling back and being secured thereto to itself.

A cuff 602 of padding material is provided within the circle of watch head 600, straps 604

and 61], carrying portion 301 of the sensor housing and radial strap 617. The cuff 602 of

padding material includes an aperture fitting over plunger 16 of the sensor. An annular double

sided self—adhesive pad between the cuff and the sensor housing secures the cuff to the sensor

housing with the plunger protruding through the aperture.

With the device in place on a user’s wrist and the straps appropriately tensioned the

elastic strap 613 extending across the convex surface of the cover portion 300 results in a

perpendicular applanation force. It has been found to provide a suitably constant force under a

range of user movement.

This consists of 2 segments, namely the sensor segment and the locking segment. The

sensor segment has an elastic loop with one end attached to the watch head and the other end to

housing, with the elastic portion positioned to slide over the convex surface of the outer casing.

This will result in a vertical applanation force on the housing when the elastic loop is pulled.

The convex shape of the housing allows an even spread applied axial force onto the

plunger with the aid of the elastic strap portion.

The Electronic Processing Unit

Figure 10 is a schematic block diagram of a blood pressure monitoring device designed

according to the preferred embodiment of the present invention. Blood pressure readings 60 are

taken by the sensor 10 and are amplified to a value that can be read by a microcontroller/

microprocessor 64. An example of the microcontroller/ microprocessor 64 suitable for use with

the device may be the Motorola 68 series of microprocessor. Optionally, a temperature sensor as

found in the art could also be included into the device to read the body temperature= and send the

readings to the microcontroller/ microprocessor 64. The readings are preferably stored into a

storage component 66. The microcontroller/ microprocessor 64 may also be coupled to various

alarms 68, such as blood pressure, body temperature and heart-beat alarms to warn the user if a

predetermined value is reached. The device is powered by a power supply. The readings,
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whether taken in real-time or stored in the storage component 66, can be downloaded into a

personal computer 72 or other communication device.

In the preferred form of the invention these components, which comprise the electronic

processing unit, are housed in the watch 600.

Figure 11 is a schematic circuit diagram of a blood pressure monitor device designed

according to the preferred embodiment shown in Figure 10. It demonstrates the circuit

connection of the primary components of the device, including the pressure sensor input 74, body

temperature input 76, microprocessor 78, liquid-crystal display module 80 for display on the

device, the EEPROM storage 82, blood pressure alarm 84, transceiver 86, power supply 88 and

button switches 20].

The microprocessor is programmed to perform certain data collection, data processing

and data transmission functions. The data collection preferably occurs on a continuous basis.

Data processing is preferably performed at least to calculate estimated absolute pressure readings

from the electrical sensor readings. This processed data may be then directly uploaded or

transmitted for further processing outside the device or may be further processed within the

device for either discrete analysis, such as for graphing blood pressures over time, and for

waveform analysis as will be described further on.

Data collection‘

Figure 12 is a sample graph showing the voltage output produced by the sensor 10

according to the described embodiment in response to a pressure applied to the sensor 10. As

mentioned above, the sensor includes a transducer 12. The transducer is preferably one which

provides a change in voltage that is directly proportional to the amount of pressure applied onto

the transducer to produce a linear graph similar to the one illustrated in Figure 12. It was found

that a suitable transducer is the Foxboro/ICT Model 1865 transducer.

With the sensor system 10 used, and a microprocessor employed in the watch head 28 to

calculate the readings produced by the sensor 10, up to 32 values per second were obtained

during tests on the device. By varying the intervals of each detection, i.e. the number of values

per second, the inventors have been able to obtain optimal waveforms at 32 readings per second.

These waveforms correspond to the systolic/diastolic cycle of the heart when the readings were

compared simultaneously with conventional Doppler machines.
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Figure 13 is a sample chart showing sensor readings of a wearer's blood pressure taken

over 6 seconds. There are a total of 6 systolic and 6 diastolic values provided. These systolic and

diastolic readings are averaged under the calibration procedure described below.

Referring to Figure 8 a sample chart is shown being a Pressure v Time graph compiled

using the continuous sensor readings rather than discrete readings of Figure 13. In Figure 8 the

pressure waveform 81 for a single arterial pulse can be seen to begin at a first diastolic trough 82

and end at the next subsequent diastolic trough 85. The waveform 8] includes the systolic peak

83 and the dicrotic notch 84.

Calibration

Figure 14 is a perSpective view of an auto—calibrator 50 that is connected to the blood

pressure monitoring device (watch 26) for calibration purposes.

The auto-calibrator 50 has been designed to give an absolute value of the blood pressure

using a conventional occlusive method. The concept is that a separate wrist-band 52 is strapped

to the‘wrist 24 next to the watch 26. The wrist-band 52 uses a cuff system that is automated,

self-inflating and measures the absolute blood pressure for reference by the blood pressure

monitoring device (watch 26).

Instead of a liquid crystal display on the said auto—calibrator 50, thedata read by the

wrist-band may be immediately processed by its microprocessor (not shown) and downloaded to

the watch 26 via a 3—pin outlet 54 to calibrate the system.

The electronically operated cuff—type non-continuous blood—pressure monitor set at the

wrist level is already available in the market. The inventors have designed a software program

and a microprocessor to download the systolic and diastolic readings into the watch-head 28

itself.

Simultaneous with the calibrator 50 taking the systolic and diastolic reading, the sensor

10 of the watch 26 takes the blood pressure readings and waveforms of the last 6 seconds. As

mentioned, 10 readings are taken per second and 60 readings are therefore taken during the 6

seconds. A sample wave-form has been illustrated in Figure 13. The average of the peak readings

(systolic) are calculated after sampling to obtain greater accuracy. Sampling includes filtering

readings that do not correspond to an expected wave—form (for example. muscle contractions

produce a sharper and symmetrically—formed peak). Correspondingly, the average of the trough

readings (diastolic) are also calculated. The values of the average systolic and diastolic readings
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respectively are compared to the systolic and diastolic readings from the auto-calibrator 50, to

assign absolute values to the sensor readings with reference to a voltage level. It is then verified

by the software program using the linear relationship of the pressure against voltage change

characterized by the sensor 10 (a chart illustrating the linear relationship is shown in Figure 12)

as a guide.

The calibrator 50 can then be' removed and continuous blood pressure monitoring

commences. At any one time, the value of the blood pressure can be checked or verified by the

calibrator 50 (which reading may be displayed on the watch-head 28). This is useful when the

alarm is sounded when, for example, the blood pressure is outside a predetermined range, or

reaches a preset value.

The pulse rate may also be calculated simply by the time interval between 2 systolic or

diastolic values divided by 60 seconds. Therefore, this gives a beat-to-beat heart rate and

therefore allows verification of the regularity of the heart beat when the data is provided over a

period of time.

Steps in calibration

Figure 15 is a flow—chart summarizing the steps involved in the calibration procedure. In
brief, these are to:

I. Put on the auto-calibrator adjacent to the watch in a neutral position of the wrist.

2. Connect the calibrator to the watch through the physical interface.

3. Switch on the calibrator to inflate and deflate the cuff automatically, thereby

obtaining the systolic and diastolic readings. These readings are displayed on the

watch—head and absolute values are assigned to the sensor readings.

4. Remove the auto—calibrator when calibration is complete.

The processor is programmed to calibrate the arterial pUISe waveform from the pressure

transducer output using equations 6, 6(a) and 6(b).

In particular the instantaneous blood pressure Pj at a sample point is calculated as:

P _ dia
p : ___st_______ x A. + C

J J 6
Anna); _. Amin ( )
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Where: Psys denotes the calibrator measured Systolic Pressure correspond to Amax,

Pdia denotes the calibrator measured Diastolic Pressure corresponds to Amin,

Amax denotes the maximum measured value of an arterial pulse from the pressure

transducer output,

Amin denotes the minimum measured value of an arterial pulse from the pressure

transducer output,

Aj denotes the jth sample measured value of an arterial pulse from pressure

transducer output, and

C denotes an arbitary constant calculated using One of the equations 6a or 6b.

P — .
__ _ sys dm

C — Rsys A __ A X Annex (6a)
g max min

01'

P — .dra
C = P. —— ———s—yS———— x A .

dra mm (6b)
Amax — Amin

‘Waveform Processing

A waveform is captured as a series of points from the continuous electrical signal

generated by the pressure transducer. A complete arterial waveform including the dicrotic notch

is captured. The peaks of the continuous waveform are isolated, the diastolic trough is located

and the dicrotic notch is located.

The electrical sensor output is converted to pressure readings using the calibration set

forth above with reference to equation 6. The electrical sensor output is also run through a peak

gate providing a digitial output. The peak gate has a predetermined threshold voltage. When the

sensor output is above the threshold voltage the peak gate is “on" or “open”. When the sensor

voltage is below the threshold voltage the peak gate is “off” or “closed”. In the preferred

embodiment of the present invention the peak gate threshold is preferably chosen to be

approximately in the middle of the pressure transducer range in normal pressure monitoring use.

For example if under normal conditions the sensor output ranges between 100 an and 300 mV
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then an apprOpriate peak gate threshold to choose would be 200 mV. The peak gate output is

used in the preferred method of locating the systolic peak, diastolic trough and dicrotic notch.

The peak gate logic could also be implemented in software, processing either the raw sensor

signal or the calibrated pressure reading.

5 In the preferred embodiment of the invention the systolic peak, diastolic end point and

dicrotic notch are located in accordance with the following method:

1. A series of sampling points is captured continuously.

2. Each sampling point is compared with the status of the peak gate, either “Peak

gate Open” (PGO) or “Peak—gate Close" (PGC).

1O 3. The highest sampling point taken during the “FCC” phase is assigned as the peak

Systolic value.

4. From this point, the sampled values will show a downward trend even as the peak

gate remains open until the peak gate threshold is reached. After this point, the PGC

phase will follow.

15 5. After the FCC phase resumes the first peak (a rise followed by a fall), is detected.

This peak is recorded as the “Dicrotic Notch”.

6. I The process of detecting the diastolic end point begins when the next P00 is

triggered at the peak gate threshold voltage.

7. The sampled values are checked in the reverse direction i.e. comparing each point .

20 to the previous one, until the first rise is located. This indicates the diastolic end point.

The sample pressure at this time point constitutes the end—diastolic pressure.

8. The logic cycle is repeated for each arterial waveform in turn.

The recorded arterial waveform, and location of the dicrotic notch and diastolic end point

are used to calculate certain characteristics. These characteristics include the mean arterial

25 pressure, a mean systolic pressure and a mean diastolic pressure. These calculated characteristics

are further used to calculate a mean systolic pressure index and a mean diastolic pressure index.

In particular the microprocessor is programmed to perform calculations in accordance

with the following equations.

The Mean Arterial Pressure (MAP) is computed using equation ( 1), as the area under the

30 pressure waveform between 2 consecutive troughs.
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n—l

2031' + PM)
AMP , ,H = ———————f=‘ '

(mm g) 201—1) (1)

Where n denotes the total number of samples

Pj denotes the Pressure at sample j

5 j denotes the index for samplej

The Mean Systolic Pressure (MSP) is computed using equation (2), as the area under the

curve of a single waveform from the starting point (previous trough) to the dicrotic notch of the

waveform.

‘1 0

j = d —1

2 (Pi + P] +1 )
.:]

MSP (mmHg ) = —J——————
2(d — 1) <2)

\Nhere d denotes the sample at the Dicrotic Notch

15 Pj denotes the Pressure at samplej

j denotes the index for sample j

This represents the average pressure during the systolic phase. The MSP index is the

index obtained by dividing MSP by MAP as in equation (3):

[USP

20 A4513 _ Index = m > (3)

The Mean Diastolic Pressure (MDP) is computed using equation (4) as the area under the

curve starting from the dicrotic notch to the immediate trough. This con‘esponds to the average

pressure during diastole.

18

696



697

10

15

20

25

W0 2004/004558 PCT/SG2003/000159

j=17~l

Z (P1 + Pj+1 )
j=d

AJDP (7777711111,8’ ) =W (4)

\Nhere n denotes the total number of samples

d denotes the sample at the Dicrotic Notch

Pj denotes the Pressure at sample j

j denotes the index for sample j

The MDP index is calculated using equation (5):

MDP
MDP Index = —-—————

T MP (5)

The mean systolic pressure the mean diastolic pressure the MSP index and the MDP

index are believed to be useful quantified measures of the shape of the pressure waveform which

will have clinical uses as indicators of one or more medical conditions.

It will be appreciated that final processing of waveforms to produce the MAP, MSP,

MDP, MSP_index and MDP_index may be conducted either within the device or externally of

the device, for example using waveform data downloaded from the device at intervals or

continuously transmitted from the device to a receiving computer or other device.

Another objective of the collection and storage of data is to be able to see trends in blood

pressure readings and determine the danger-point of the change in blood pressure during a

pre—determined period of time. Since blood pressure readings are stored in the watch memory

module with respect to a time, such trends in change of blood pressure over a period of time can i

be monitored. Figure 16 is a flow-chart summarizing the steps involved in taking blood pressure

readings.

The sequence of steps involved in taking discrete, pulse by pulse= blood pressure readings

begins by executing a blood pressure reading loop of steps l6], 162 and 164. This loop includes
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reading the date and time from the internal clock of the device at step 16], taking an

instantaneous blood pressure reading at step 162 and storing the date and time and associated

blood pressure reading in memory at step 164. This 100p is executed at short intervals over a one

half hour period. Until it has been determined at step 165 that the half hour period has elapsed

the loop returns to step 161.

The micr0processor is programmed so that once it determines at step 165 that the half

hour is up it proceeds to average and store the blood pressure readings for the just elapsed half

hour interval. The microprocessor is programmed to calculate at step 166 average systolic and

diastolic blood pressure readings from the readings stored in memory. It is programmed to store

at step 167 the current date and time and the average blood pressure readings calculated at step

166 in memory.

The microprocessor is programmed to determine at step 168 whether a full 24 hour time

period has elapsed. If not then it returns to step 161 and the pressure reading loop. 1f the

microprocessor determines at step 168 that a 24 hour time period has elapsed it is programmed to

proceed to steps 169 and 170.

At step 169 the'microprocessor reads the half hourly records for the immediately

preceding 24 hour interval and averages these to a single record. At step 170 the microprocessor

stores the present date and time and the averaged 24 hour reading into memory. It will be

appreciated that in most operating circumstances the device will be repeating the loop of steps

161 162 and 164. This loop may also include provision for setting or resetting a blood pressure

alarm using buttons 20] (eg: step 163).

Communication tool

The watch is preferably provided with an interface 89 to connect to a personal computer

to download data or to a printer to print data. Figure 17 is a flow-chart summarizing the steps

involved in the data transfer and communications aspect of the invention.

The flow chart of Figure 17 summarises the process that the personal computer software

is programmed to implement according to the preferred embodiment of the present invention. In

particular the software is programmed to begin by initialising the personal computer serial port at

step 171. With the personal computer serial port initialised at step 171 the software proceeds to

send a signal to the watch microprocessor at step 172. At step 173 the software determines

whether the watch microprocessor has acloiowledged the initial communication signal of step
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172. lfthe signal has not been acknowledged it repeats step 172 and continues to loop step 172

until receipt is acloiowledged. Once acknowledgement has been received from the watch

microprocessor the software proceeds to step 174 and establish full communication through a

handshaking process. The software then proceeds to perform a loop of steps 175 and 176 to

upload data. At each repetition of step 175 the software uploads a single dataset from the

memory of the device. Each reading includes the systolic and diastolic blood pressure readings,

date and time. At step 176 the software determines whether-the upload is complete. If not it

returns and repeats step 175 for the next data set. I

Once the microprocessor determines at step 176 that upload is complete the software

proceeds to store the uploaded data in a database at step 177. The software provides the

capability of printing out the data results, (eg: at step 179) and plotting summary graphs such as

blood pressure v time and blood pressure v pulse rate, (eg: at step 178).

Although the watch may be connected directly to a personal computer by a direct cable

connection such as IRS 323, Universal Serial Bus or other similar interface, the watch may

advantageously be provided 'with wireless communication, particularly for the output of

continuous waveforms.

Setting of alarm

It is believed that many catastrophic events occur when the blood pressure suddenly

increases or decreases drastically in a patient. This is true in some stroke patients and very

evident in pre-eclampsia patients. The aim of the continuous monitoring is firstly to discover and

help the control of blood pressure. Secondly, in some cases, a tragedy may be avoided if there is

an alarm system to detect these sudden and drastic changes. The alarm thresholds can be preset at

the factory or individually set using buttons 20], and multiple alarms can be set for the blood

pressure or pulse rates. Figure 18 is a flow-chart summarizing the steps involved in setting the

alarm in the watch to warn of potentially dangerous blood pressure levels.

In particular the microprocessor is programmed to perform a continuing loop in

conjunction with its data collection loop of steps 16], 162 and 164 of Figure 16. This loop

begins with a step 181 of comparing the presently read blood pressure with a value as presently

set using the set alarm function of step 163 in Figure 16.

The microprocessor proceeds to determine whether the blood pressure value is outside the

set range at step 182. lfthe blood pressure is outside the set range at step 182 then it proceeds to
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end the loop> which will be repeated each time a blood pressure reading is taken. If the

microprocessor determines at step 182 that the blood pressure is outside the set range then it

proceeds to step 183 to activate an alarm.

While a particular embodiment of the invention has been shown and described, it will be

5 obvious to those skilled in the art that changes and modifications of the present invention may be

made without departing from the invention in its broader aspects. As such, the scope of the

invention should not be limited by the particular embodiment and specific construction described

herein but should be defined by the appended claims and equivalents thereof. Accordingly, the

aim in the appended claims is to cover all such changes and modifications as fall within the Spirit

10 and scope of the invention.
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CLAIR/ES:

1. A device for non—invasive continuous monitoring of a user’s arterial blood pressure

that is capable of being used as an ambulatory beat-to-beat blood pressure monitor (ABMP)

including,

sensor means adapted to continuously detect said blood pressure and to generate signals

representative thereof by contact with an external surface of the user’s body at a location adjacent

an artery;

microprocessor means for interpreting said signals generated by the sensor means to

determine actual arterial blood pressure;

wherein the microprocessor is programmed to record a complete and continuous arterial

pulse waveform.

2. The device as claimed in claim 1 wherein the sensor means includes a pressure transducer

that provides electrical output signal corresponding to an exerted pressure by pulsation of the

artery.

3. A device as claimed in claim 1 wherein said microprocessor is programmed to detect at

least the dicrotic notch and the diastolic trough within a continuous arterial pulse waveform.

4. A device as claimed in claim 3 wherein said microprocessor is programmed to calculate a

mean diastolic pressure as the mean sensed pressure between a said detected dicrotic notch and

the immediately following diastolic trough.

5. A device as claimed in claim 4 wherein said microprocessor is programmed to calculate a

mean arterial pressure as the average pressure between two consecutive said diastolic troughs,

and to calculate a mean diastolic pressure index as the quotient of the calculated mean diastolic

pressure divided by the mean arterial pressure.

6. A device as claimed in claim 3 wherein said microprocessor is programmed to calculate a

mean systolic pressure as the average pressure between a diastolic trough and the immediately

subsequent dicrotic notch.

7. A device as claimed in claim 4 wherein said microprocessor is programmed to calculate a

mean arterial pressure as the average pressure between two consecutive said diastolic troughs,

and to calculate a mean systolic pressure index as the quotient of the calculated mean systolic

pressure divided by the mean arterial pressure.
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8. A device as claimed in claim 1 wherein said microprocessor is programmed to detect the

peak systolic pressure and record the peak systolic pressure for at least a selection of recorded

arterial pulses and to detect the diastolic trough and record a pressure at the diastolic trough for

each pulse of said at least selection of arterial pulses.

9. A device as claimed in claim 8 wherein said device includes an alarm and said

microprocessor is programmed to operate said alarm in reSpOnse to an indicator falling outside a

preselected range, said indicator being selected from: said systolic peak pressure, said diastolic

trough pressure or the difference between said systolic peak pressure.

10. A device as claimed in claim 9 wherein said device includes user input means, and said

microprocessor is programmed to allow setting or selection of a threshold for said indicator.

1 l. A device as claimed in claim 8 wherein said microprocessor is programmed to calculate

an average systolic pressure as the average of the said pressure as recorded at said systolic peak

for said at least selection of arterial pulses and an average diastolic pressure as the average

pressure recorded at said diastolic trough for said at least selection of arterial pulses.

12. A device as claimed in claim 2 wherein a calibrator which measures the user’s blood

pressure by occluding an artery of the user,_and obtaining an absolute diastolic and systolic

reading of the user’s arterial blood pressure is operatively connectable to the device and said

processor is programmed to calculate calibration constants from comparisons of said absolute

readings and said sensor signals for ongoing calculation ofpressure from said sensor signals.

13. A device as claimed in claim ] including a first housing holding said sensor and a second

housing enclosing said microprocessor, and at least one strap connecting said first housing and

said second housing and together therewith forming a band to encircle the wrist of a wearer, said

first housing having an outwardly facing pressure surface, with at least one said strap passing

freely over said pressure surface.

14. A device as claimed in claim 13 wherein said straps include a second strap connecting

between said first and second housing and a third strap connected with said second housing and

said elastic strap, said elastic strap being connected at one end to said first housing, extending

there from to said third strap before turning back upon itself to form a loop, said loop being

connected to said third strap, to then pass over said pressing surfaces of said first housing, with

the other end of said elastic strap being connected to said second housing or to said second strap.

l3. A device as claimed in claim 13 including a joining ring, said elastic strap passing

through said joining ring at said loop, and said third strap passing through said joining ring and
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back upon itself to hold said joining ring within a loop thereof, said third strap including

adjustable connection means operating between said in and outer portions.

16. A device as claimed in claim 13 including a padding cuff disposed within said band, said

padding cuff including an aperture, said sensor including a plunger protruding from said first

housing through said aperture, and said cuff being adhered to an inner face of said first housing.

17. A method for continuous monitoring of a user’s arterial blood pressure ineluding the steps

of:

recording a complete and continuous arterial pulse pressure waveform,

locating at least the dicrotic notch and the diastolic trough within said continuous arterial

pulse waveform, and

calculating at least one parameter using said waveform and said diastolic trough and

dicrotic notch locations.

18.- A method as claimed in claim 17 including calculating a mean diastolic pressure as the

mean recorded pressure between a said detected dicrotic notch and the immediately following

diastolic trough.

19. A method as claimed in claim 18 including calculating a mean arterial, pressure as the

average pressure between two consecutive said diastolic troughs, and calculating a mean diastolic

pressure index as the quotient of the calculated mean diastolic pressure divided by the mean

arterial pressure.

20. A method as claimed in claim 19 including calculating a mean systolic pressure as the

average pressure between a diastolic trough and the immediately subsequent dicrotic notch.

21. A method as claimed in claim 20 including calculating a mean arterial pressure as the

average pressure between two consecutive diastolic troughs, and calculating a mean systolic

pressure index as the quotient of the calculated mean systolic pressure divided by the mean

arterial pressure.
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BACKGROUND OF THE INVENTION

[0003] Spectroscopy is a common technique for measuring the concentration

of organic and some inorganic constituents of a solution. The theoretical basis of

this technique is the Beer-Lambert law, which states that the concentration c, of

an absorbent in solution can be determined by the intensity of light transmitted

through the solution, knowing the pathlength dA , the intensity of the incident light

I and the extinction coefficient 8131 at a particular wavelength A. In generalized0,1 ’

form, the Beer-Lambert law is expressed as:

I}, = 10,3e— d1 ' Illaj.

(1)

[114,2 : 28132 ' Ci

(2)

where ,uM is the bulk absorption coefficient and represents the probability of

absorption per unit length. The minimum number of discrete wavelengths that

are required to solve EQS. 1—2 are the number of significant absorbers that are '

present in the solution.

[0004] A practical application of this technique is pulse oximetry, which utilizes

a noninvasive sensor to measure oxygen saturation (SpOz) and pulse rate. In

general, the sensor has light emitting diodes (LEDs) that transmit optical

radiation of red and infrared wavelengths into a tissue site and a detector that

responds to the intensity of the optical radiation after absorption (e.g., by

transmission or transreflectance) by pulsatile arterial blood flowing within the

tissue site. Based on this response, a processor determines measurements for

SpOz, pulse rate, and can output representative plethysmographic waveforms.

Thus, “pulse oximetry” as used herein encompasses its broad ordinary meaning

known to one of skill in the art, which includes at least those noninvasive

procedures for measuring parameters of circulating blood through spectroscopy.

Moreover, “plethysmograph” as used herein (commonly referred to as

“photoplethysmograph”), encompasses its broad ordinary meaning known to one

of skill in the art, which includes at least data representative of a change in the
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absorption of particular wavelengths of light as a function of the changes in body

tissue resulting from pulsing blood:

[0005] Pulse oximeters capable of reading through motion induced noise are

available from Masimo Corporation (“Masimo”) of Irvine, California. Moreover,

portable and other oximeters capable of reading through motion induced noise

are disclosed in at least U.S. Pat. Nos. 6,770,028, 6,658,276, 6,157,850,

6,002,952 5,769,785, and 5,758,644, which are owned by Masimo and are

incorporated by reference herein. Such reading through motion oximeters have

gained rapid acceptance in a wide variety of medical applications, including

surgical wards, intensive care and neonatal units, general wards, home care,

physical training, and virtually all types of monitoring scenarios.

[0006] FIG. 1 illustrates Hb02 and Hb absorption #a versus wavelength. At

red and near IR wavelengths below 970 nm, where water has a significant peak,

Hb and Hb02 are the only significant absorbers normally present in the blood.

Thus, typically only two wavelengths are needed to resolve the concentrations of

Hb and HbOg, e.g. a red (RD) wavelength at 660 nm and an infrared (IR)

wavelength at 940 nm. In particular, SpOz is computed based upon a red ratio

‘ RedAC/RedDC and an IR ratio IRAQ/IRDC, which are the AC detector response

magnitude at a particular wavelength normalized by the DC detector response at

that wavelength. The normalization by the DC detector response reduces

measurement sensitivity to variations in tissue thickness, emitter intensity and

detector sensitivity, for example. The AC detector response is a

plethysmograph, as described above. Thus, the red and IR ratios can be

denoted as NPRD and NPR respectively, where NP stands for "normalized

plethysmograph." In pulse oximetry, oxygen saturation is calculated from the

ratio NPRD/NPIR.

SUMMARY OF THE INVENTION

[0007] A multiple wavelength sensor and a noninvasive multi-parameter

patient monitor, such as referenced above, make blood absorption

measurements at more than a red wavelength and an IR wavelength. In one

embodiment, described below, blood absorption measurements are made at

eight wavelengths. Advantageously, this rich wavelength data, compared with
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conventional pulse oximetry, allows a determination of a tissue profile or tissue

characterization over a wavelength spectrum.

[0008] FIG. 2 illustrates an example of a "tissue profile" 200 for SpO2 = 97%.

For this example, including FIGS. 3-4, below, the sensor emits eight wavelengths

(610, 620, 630, 655, 700, 720, 800 and 905 nm). The graph is a plot of NP ratios

210 versus wavelength 220, where the NP ratios are of the form NPM/ NPAZ.

This is a generalization to multiple wavelengths of the ratio NPRD/NPIR described

above for two (red and IR) wavelengths. In order to provide a common scale for

these NP ratios, the ratios are calculated with respect to a reference wavelength,

Ar, which may be any of the available wavelengths. Thus, the plotted NP ratios

are denoted NPAn/ NPN over the n available wavelengths, including Ar. Note that

the NP ratio at the reference wavelength is NPM/ NP),r = 1, which is 800 nm in

FIG. 2.

[0009] As shown in FIG. 2, when a sensor is properly positioned on a tissue

site, the detector only receives LED emitted light that has propagated through the

tissue site after tissue scattering and absorption. Thus, a tissue profile 200

should reflect the blood constituent absorption characteristics illustrated in FIG.

1, above. For this high oxygen saturation (97%) example, HbOg is the only

significantly absorbing blood constituent and, indeed, the resulting tissue profile

200 is shaped like the HbOg absorption curve 110 (FIG. 1).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a graph of oxyhemoglobin and reduced hemoglobin light

absorption versus wavelength across portions of the red and IR spectrum;

[0011] FIG. 2 is a graph of NP ratios versus wavelength illustrating a tissue

profile;

[0012] FIG. 3 is a graph of NP ratios versus wavelength illustrating a probe-off

profile;

[0013] FIG. 4 is a graph of NP ratios versus wavelength illustrating a

penumbra profile;

[0014] FIG. 5 is a general block diagram of a confidence measurement

system;

[0015] FIG. 6 is a graph of normalized plethysmograph (NP) ratios versus

wavelength for low and high SpOg illustrating a NP envelope;

-4-
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[0016] FIG. 7 is a block diagram of a multiple wavelength probe off detector

utilizing an NP envelope;

[0017] FIG. 8 is a graph of NP ratios versus wavelength illustrating a family of

parametric NP curves;

[0018] FIG. 9 is a block diagram of a multiple wavelength confidence

measurement system utilizing parametric NP curves;

[0019] FIG. 10 is an NP ratio graph illustrating a family of NP data clusters;

and

[0020] FIG. 11 is a block diagram of a multiple wavelength confidence

measurement system utilizing NP data clusters.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] In this application, reference is made to many blood parameters.

Some references that have common shorthand designations are referenced

through such shorthand designations. For example, as used herein, HbCO

designates carboxyhemoglobin, HbMet designates methemoglobin, and Hbt

designates total hemoglobin. Other shorthand designations such as COHb,

MetHb, and tHb are also common in the art for these same constituents. These

constituents are generally reported in terms of a percentage, often referred to as

saturation, relative concentration or fractional saturation. Total hemoglobin is

generally reported as a concentration in g/dL. The use of the particular

shorthand designators presented in this application does not restrict the term to

any particular manner in which the designated constituent is reported.

[0022] FIG. 3 illustrates an example of a probe-off profile 300. When a

sensor is completely dislodged from a patient, a so-called “probe off“ condition

occurs. Despite a probe off condition, an optical sensor may continue to detect

an AC signal, which can be induced at the detector by other than pulsatile arterial

absorption of LED emitted light. For example, small patient movements,

vibrations, air flow or other perturbations may cause the pathlength between the

LEDs and the detector to vary, resulting in an AC detector signal that can be

mistakenly interpreted by the monitor as due to pulsatile arterial blood. Further,

ambient light may reach the detector, and any modulation of the ambient light

due to AC power, power fluctuations, moving objects, such as a fan, among other

perturbations can be also mistaken as a pulsatile arterial signal. Probe off errors

-5-
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are serious because a blood constituent monitor may display normal results,

such as oxygen saturation, when, in fact, the sensor is not properly attached to

the patient, potentially leading to missed severe desaturation events. As shown

in FIG. 3, a probe-off profile 300 is readily apparent as it does not have a shape

related to the absorption characteristics of hemoglobin constituents.

[0023] FIG. 4 illustrates an example of a penumbra profile 400. When a

sensor is not properly positioned or becomes partially dislodged , a penumbra

condition may occur, where the detector is "shadowed" by a tissue site, such as

a finger, but also receives some light directly from the emitters or indirectly

reflected off the sensor housing, or both. As a result, the DC signal at the

detector rises significantly, which lowers the AC/DC ratio (NP). Because red

wavelengths are more significantly absorbed by Hb and HbO2, the penumbra

condition is most noticeable at the red portion 405 of the NPAn/ NP)“. This effect

is readily seen in the penumbra profile 400 as compared to a normal tissue

profile 200 (FIG. 2).

[0024] Advantageously, a physiological parameter confidence measurement

system, as described below, can distinguish a tissue profile 200 (FIG. 2) from a

probe—off profile 300 (FIG. 3) or penumbra profile 400 (FIG. 4), as examples.

Further, a physiological parameter confidence measurement system can provide

indications that the detector signal is degraded as the result of various

physiological and non—physiological phenomenon.

[0025] FIG. 5 illustrates a physiological parameter confidence measurement

system 500 having a physiological data 510 input, a confidence indicator 560

output and a probe—off indicator 570 output. In one embodiment, physiological

data 510, such as the NP ratios described above, is derived from a sensor 501

generating a sensor signal 502 responsive to multiple wavelengths of optical

radiation transmitted into and attenuated by a tissue site. The confidence

indicator 560 provides an observer with some measure of "goodness" for the

physiological data 510. That is, if confidence is high, it is likely the physiological

data 510 is representative of a physiological condition or state. If confidence is

low, the physiological data 510 may be less representative of a physiological

condition or state. If the confidence is very low, a probe-off indicator 570 may be

generated to alert an observer to the possibility that a sensor from which the ‘
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physiological data 510 is derived is not properly positioned on a tissue site and

may not be generating physiologically significant data. In one embodiment, a

confidence measure may be provided as a percentage, such as O-100%. In

various embodiments, a confidence indicator 560 corresponding to a confidence

measure may be visual or audible or both. For example, a confidence indicator

560 may be a number display, a display message, a bar display, a color indicator

or display, such as green (high confidence), yellow (average confidence), red

(low confidence). Also, a confidence indicator 560 may be any of various alarm

sounds, tones or patterns of sounds or tones, such as a double beep at less than

high confidence. In one embodiment, the physiological parameter confidence

measurement system 500 is incorporated within a physiological monitor 503

having a display 580 or alarm 590 for outputting the confidence indicator 560 or

probe-off indicator 570.

[0026] As shown in FIG. 5, the physiological parameter confidence

measurement system 500 also has a parameter estimator 520, a physiological

data reference 540 and a confidence measurer 550. The parameter estimator

520 derives one or more physiological parameter estimates, 15, 530 based upon

the physiological data 510. The parameter estimate or estimates 530 are used

to select one or more data clusters 545 from the physiological data reference

540. in one embodiment, the physiological data reference 540 is a collection of

predetermined physiological data organized in data clusters. For example the

physiological data reference 540 may contain clinically-derived physiological data

organized according to corresponding values of a physiological parameter

determined by a "gold standar " instrument. In a particular embodiment, the

physiological data are NP ratios obtained for various physiological parameters,

such as SpOz, HbCO, HbMet, Hbt, fractional oxygen saturation, bilirubin or

glucose to name a few, as measured with a standardized cooximeter, for

example. In one embodiment, the physiological data reference 540 is a non-

volatile memory or other data storage device containing predetermined

physiological data. The confidence measurer 550 uses the physiological data

510 and the selected data cluster or data clusters 545 to generate the confidence

indicator 560, the probe-off indicator 570 or both.
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[0027] A confidence measurement and confidence indicator, as described

herein, may be combined with other signal quality and data confidence

measurements and indicators, such as those described in U.S. Patent No.

6,996,427 titled Pulse Oximetry Data Confidence Indicator and US. Patent No.

6,606,511 titled Pulse Oximetry Pulse Indicator, both patents assigned to

Masimo Corporation, Irvine, CA and incorporated by reference herein. A probe

off measurement and probe off indicator as described herein may be combined

with other probe off measurements and indicators, such as those described in

U.S. Patent No. 6,654,624 titled Pulse OXimeter Probe-Ofi‘ Detector and U.S.

Patent No. 6,771,994 titled Pulse Oximeter Probe-Off Detection System, both

patents assigned to Masimo Corporation, Irvine, CA and incorporated by

reference herein.

[0028] FIG. 6 illustrates NP ratio versus wavelength curves computed from a

multiple wavelength sensor, such as described in the U.S. Patent Application

titled Multiple Wavelength Sensor, referenced above. In this example, the

sensor emits eight wavelengths (620, 630, 660, 700, 730, 805, 905 and 960nm).

Shown is a low oxygen saturation curve 610, e.g. SpOz = 70% and a high oxygen

saturation curve 620, e.g. Spog z 100%. By comparison, a conventional two

wavelength pulse oximetry sensor, as described above, results in a single point

on a particular curve. Advantageously, the NP ratio curves 610, 620 represent a

tissue profile that can be compared to a particular sensor response to determine

if a physiologically significant measurement has been made. In one

embodiment, the NP ratio curves 610, 620 delineate the boundaries of a

physiologically significant NP ratio region 630. Although described above with

respect to SpOz, such regions or boundaries can be derived for other

physiological parameters such as HbCO, HbMet, Hbt, fractional oxygen

saturation, bilirubin or glucose to name a few.

[0029] FIG. 7 illustrates one embodiment of a physiological parameter

confidence measurement system 700 utilizing a NP ratio region such as

described with respect to FIG. 6, above. The confidence measurement system

700 has input NP ratios 710 measured in response to a multiple wavelength

sensor, reference NP ratio region 740 that delineates physiologically significant

NP ratios 630 (FIG. 6), and a comparator 750. In one particular embodiment, the
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NP ratio region 740 is predetermined from clinically-derived data for one or more

parameters of interest, such as Sp02, HbCO, HbMet, Hbt, fractional oxygen

saturation, bilirubin or glucose, to name a few. In another particular embodiment,

the NP ratio region 740 is theoretically calculated. The comparator 750

compares the input NP ratios 710 with the NP ratio region 740 and generates a

probe-off indicator 770 if any, or more than a predetermine number, of the input

NP ratios 710 fall outside of an NP ratio region 740.

[0030] FIG. 8 illustrates a family of parametric NP ratio versus wavelength

curves 800 computed from a multiple wavelength sensor, such as referenced

above. Each curve represents a different value of a measured parameter, such

as SpOz. For example, there may be a curve for each of SpOz = 70%, 75%,

80%, . . . 100%. Advantageously, such curves more precisely indicate

physiologically significant multiple wavelength sensor measurements as

compared to a bounded NP ratio region 630 (FIG. 6) such as described with

respect to FIGS. 6-7, above.

[0031] FIG. 9 illustrates another embodiment of a physiological parameter

confidence measurement system 900 utilizing parametric NP ratio curves, such

as described with respect to FIG. 8, above. The confidence measurement

system 900 has input NP ratios 910 measured in response to a multiple

wavelength sensor, a parameter estimator 920, reference parametric curves 940

and a difference calculator 950. The parameter estimator 920 inputs the NP

ratios 910 so as to generate a parameter estimate 930, such as Spog, HbCO,

HbMet, Hbt, fractional oxygen saturation, bilirubin or glucose, to name a few.

The estimated parameter 930 selects one or more of the reference parametric

curves 940, which are predetermined from clinically-derived data that is stored in

memory or data that is mathematically pre-calculated or calculated in real time

and stored in memory. The difference calculator 950 measures the difference

between the NP ratios 910 and the selected parametric curve 940. For example,

a mean—squared error calculation can be made between the input NP ratios 910

and the selected parametric curve 945. The resulting difference calculation is

used as a confidence measure or translated into a confidence measure and a

confidence indicator output 960 is generated accordingly. Alternatively, or in

addition to a confidence measure, a probe off condition can be indicated if the
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difference calculation is larger than a predetermined value or the confidence

measure is less than a predetermined value. In another embodiment, a

correlation calculator is used in place of the difference calculation.

[0032] FIG. 10 illustrates a family of data clusters 1000 shown in two

dimensions by way of example. Each data cluster 1000 represents NP ratios

clinically measured across a population for specific values 1020 of a selected

parameter P, such as P1, P2, P3 and P4 as shown. Each data cluster 1000

defines a region 1010 of NP ratios measured for a particular parameter value

1020 and has a probability distribution, such as a normal distribution, over the

indicated region 1010.

[0033] For example, the clinical data can be organized as a table of known

values of P, corresponding NP ratios measured over a population, and the

relative number of occurrences of particular NP ratio values for each value of P.

The relative number of occurrences of particular NP ratio values for a particular

value of P yields an NP ratio probability distribution for that value of P. Thus,

each P value 1020 in the table has a corresponding data cluster 1000 of

measured NP ratios and an associated probability distribution for those NP

ratios.

[0034] FIG. 11 illustrates yet another embodiment of a physiological

parameter confidence measurement system 1100 utilizing NP data clusters and

corresponding probability distributions, such as described with respect to FIG. 10,

above. The confidence measurement system 1100 has input NP ratios 1110

measured in response to a multiple wavelength sensor, a parameter estimator

1120, reference data clusters 1140 and a probability calculator 1150. The

parameter estimator 1120 inputs the NP ratios 1 110 so as to generate a

parameter estimate 1130, such as described with respect to other embodiments,

above. In one embodiment, the reference data clusters 1140, such as described

with respect to FIG. 10, are stored in a memory device, such as an EPROM. The

estimated parameter 1130 is compared with the reference data clusters 1140 so

as to determine the closest region 1010 (FIG. 10) or closest overlapping portion

of two regions 1010 (FIG. 10). The probability calculator 1150 computes a

probability based upon the distribution above the selected region 1010 (FIG. 10).

A confidence measure is also derived based upon the calculated probability

-10-
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1150. in a particular embodiment, the confidence measure is the calculated

probability. A confidence indicator 1 160 is generated in response to the

confidence measure. In one embodiment, if the confidence probability or the

calculated confidence measure is below a predetermined threshold, 3 probe—off

indicator 1170 is generated. In particular embodiments, the confidence indicator

1160 or probe-off indicator 1170 or both may be alphanumeric or digital displays,

optical indicators or alarms or similar audible indicators, to name a few.

[0035] A physiological parameter confidence measurement system has been

disclosed in detail in connection with various embodiments. These embodiments

are disclosed by way of examples only and are not to limit the scope of the

claims that follow. One of ordinary skill in art will appreciate many variations and

modifications. -

-11-
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WHAT IS CLAIMED IS:

1. A method of determining a measure of confidence in a

physiological parameter, the physiological parameter determined by transmitting

multiple wavelengths of optical radiation into a tissue site and detecting the

optical radiation after tissue attenuation, the method comprising:

deriving physiological data responsive to the intensity of multiple

wavelengths of optical radiation transmitted into a tissue site and detected after

tissue attenuation;

estimating a physiological parameter based upon the physiological data;

providing a physiological data reference;

obtaining at least one data cluster from the physiological data reference;
and

determining a measure of confidence in the estimated physiological

parameter based upon the at least one data cluster and the derived physiological
data.

2. The method according to claim 1 wherein the providing step

comprises:

predetermining the physiological data for known values of the

physiological parameter across a sample population;

clustering the data according to the physiological parameter values; and

storing the data clusters so as to be retrievable according to the

physiological parameter values.

3. The method according to claim 2 wherein the obtaining step

comprises selecting the at least one data cluster according to the estimated

physiological parameter.

4. The method according to claim 3 wherein the selecting step

comprises:

determining at least one data cluster having a corresponding physiological

parameter value closest to the estimated physiological parameter; and

reading the determined at least one data cluster from the memory.

-12-
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5. The method according to claim 4 wherein the physiological data are

ratios of normalized plethysmographs (NP ratios).

6. The method according to claim 5 wherein the physiological

parameter is at least one of SpOz, MetHb and HbCO.

7. The method according to claim 6 wherein the data clusters are a

plurality of parameteric curves of NP ratio versus wavelength.

8. The method according to claim 6 wherein the data clusters are

probability distributions of NP ratios.

9. A physiological parameter confidence measurement method

comprising:

deriving physiological data responsive to the intensity of multiple

wavelengths of optical radiation transmitted into a tissue site and detected after

tissue attenuation;

estimating a physiological parameter based upon the physiological data;

providing a physiological data reference having a plurality of data clusters

each corresponding to a particular value of the physiological parameter,;

comparing at least one of the data clusters to the physiological data; and

indicating confidence in the estimated physiological parameter based

upon the comparison.

10. The physiological parameter confidence measurement method

according to claim 9 further comprising associating a probability function with

each of the data clusters.

11. The physiological parameter confidence measurement method

according to claim 10 wherein the comparing step comprises determining a

probability that the derived physiological data corresponds to the estimated

physiological parameter.

-13-
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12. The physiological parameter confidence measurement method

according to claim 11 wherein the indicating step comprises generating at least

one of a visual indication and an audible indication corresponding to the

determined probability.

13. The physiological parameter confidence measurement method

according to claim 12 further comprising triggering an alarm that a probe—off

condition exists when the determined probability is below a predetermined

threshold.

14. A confidence measurement system comprising:

a plurality of physiological data responsive to the intensity of multiple

wavelengths of optical radiation transmitted into a tissue site and detected after

tissue attenuation;

a parameter estimator configured to input the physiological data and

output an estimate of a physiological parameter;

a physiological data reference having a plurality of data clusters

corresponding to known values of the physiological parameter; and

a confidence measurer adapted to compare the physiological data with

the data clusters so as to calculate a measure of confidence in the physiological

parameter estimate.

15. The confidence measurement system according to claim 14

wherein the physiological data comprises a plurality of ratios of normalized

plethysmographs corresponding to the multiple wavelengths of optical radiation.

16. The confidence measurement system according to claim 15

wherein the parameter estimator comprises a value calculation corresponding to

at least one of SpOz, HbCO, HbMet, Hbt, fractional oxygen saturation, bilirubin

and glucose.

-14-
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17. The confidence measurement system according to claim 16

wherein the physiological data reference comprises a plurality of known values of

the physiological parameter, corresponding predetermined values of ratios of

normalized plethysmographs and probabilities associated with the predetermined

values.

18. The confidence measurement system according to claim 17

wherein the confidence measurer comprises a probability calculation that the

input physiological data corresponds to the estimated physiological parameter.

19. The confidence measurement system according to claim 18 further

comprising a confidence indicator responsive to the probability calculation.

20. The confidence measurement system according to claim 19 further

comprising a probe-off indicator responsive to the probability calculation and a

predetermined probability threshold.

21. A confidence measurement system comprising:

a plurality of physiological data responsive to the intensity of multiple

wavelengths of optical radiation transmitted into a tissue site and detected after

tissue attenuation;

a parameter estimator configured to input the physiological data and

output a corresponding physiological parameter estimate;

a physiological data reference means for providing data clusters according

to known values of the physiological parameter; and

a confidence measurement means for determining confidence in

physiological parameter estimate based upon the physiological data and the data
clusters.

22. The confidence measurement system according to claim 21 further

comprising an output means for indicating confidence in the physiological

parameter estimate.

-15-
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23. The confidence measurement system according to claim 21 further

comprising an alarm means for indicating a probe—off condition in response to low

confidence in the physiological parameter estimate.

-15-

738



739

WO 2006/094107 PCT/U52006/007387

1/6

 
0550 600 650 ‘ 700 ' 750 800 850 900 950 1000

WAVELENGTH (nm)

FIG. 1

 

1.5

200

, 220

05——+—————>———+—————|—————4————+———L_+.
600 650 700 ‘ 750 800 850 900 950

WAVELENGTH (nm)

FIG. 2

739



740

WO 2006/094107 PCT/U52006/007387

2/6

 
prxn

NP)”
2

210

1 .5

1
300

220
0.5

600 650 700 750 800 850 900 950

WAVELENGTH mm)

FIG. 3

 
. 600 650 700 750 800 850 900 950

WAVELENGTH (nm)

FIG. 4

740



741

PCT/U52006/007387WO 2006/094107

3/6

><.Ew_o

mOH<U_DZ_nEOmmOMQEmm3w<m2DommOZmDEZOO$0.205;woszEZOO
omm

m.OEmOEZOS—A<O_©OAO_m>In.momemmm—m<._.<Q

mug—flu

<._.<QdoGOJQmZi
Dmcbmjmm9mm

comS

ENEIOSEFmEmmam:$0.25.memEmE/xwfim

IIY<Q~GOAQm>Ia
mom

mOmzmw

 
741



742

 

15

05

600

WO 2006/094107

650 700 750

 

 
  

 

NP RATIOS

710

4/6

REFERENCE

NP RATIO

REGION

FIG. 7

742

850 900

PCT/U52006/007387

 
950 1000

WAVELENGTH (nm)



743

WO 2006/094107 PCT/U52006/007387

5/6

 

0.5

 
950 1000

WAVELENGTH (nm)

0
600 650 700 750 800 850 900

FIG. 8

¢rr900
920 940

SELECTED
PARAMETRIC
CURVE

950
  
 
  
 

  

  

  
 

 
 

CONFIDENCE

NP RATIOS INDICATOR  PARAMETER
ESTIMATOR   

DIFFERENCE 950
CALCULATOR PROBE-OFF

INDICATOR

910

  

 
FIG. 9

743



744

WO 2006/094107 PCT/U52006/007387

6/6

 
FIG. 10

(1100

1 120 1 140

SELECTED

1150
   

 
 
 

CONFIDENCE
INDICATOR

 
 NP RATIOS
 
 

PARAMETER
ESTIMATOR
 

 
 
 

 

  

 
CLUSTERS 1145

  1110 PROBABILITY 1150
CALCULATOR PROBE—OFF

INDICATOR

FIG. 11

744



745

  

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00

INTERNATIONAL SEARCH REPORT International application No

PCT/U52006/007387

According to International Patent Classification (IPC) or to both national classification and lPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A618

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, NPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categow‘ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 4 653 498 A (NEW, JR. ET AL) 1—4,
31 March 1987 (1987—03~31) ' 9—14,

21—23

column 2, line 39 — line 55
column 16, line 5 — column 17, tine 26
figure 19

US 2004/133087 A1 (ALI AMMAR AL ET AL)

8 July 2004 (2004—07—08)
paragraph [0008] — paragraph [0023]
paragraph [0097] — paragraph [0105]
figures 17,18

US 2004/158134 A1 (DIAB MOHAMED K ET AL)

12 August 2004 (2004—08—12)
paragraph [0005] — paragraph [0012]
figures 3—6

Further documents are listed in the continuation of Box 0.

* Special categories of cited documents :

'A' document defining the general state of the art which is not
considered to be of particular relevance

'E' earlier document but published on or afterthe international
filing date

'L' document which may throw doubts on priority clalm(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

'0' document referring to an oral disclosure, use, exhibition orother means

'P' document published prior to the international tiling date butlaterthan the priority date claimed

Date of the actual completion of the international search

5 July 2006

Name and mailing address of the ISA/
European Patent Office, PB. 5818 Patentlaan 2
NL — 2280 HV Rijswilk

Tel. (+31 ~70) 340—2040. Tx. 31 651 epo nl,
Fax: (+31—70) 340—3016

Form PCT/lSA/210 (second sheet) (April 2005)

_/_.__

See patentfamily annex‘

'T' later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying theinvention

'X' document of particular relevance; the claimed inventioncannot be considered novel or cannot be considered to
Involve an inventive step when the document is taken alone

'Y' document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when thedocument is combined with one or more other such docu—

Irnernts, such combination being obvious to a person skillednt e art.
'&' document member of the same patent family

Date of mailing of the international search report

17/07/2006
Authorized officer

Abraham, V

 
745



746

INTERNATIONAL SEARCH REPORT

 
International application No

PCT/U82006/007387
C(Continuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory‘ Citation of document, with indication. where appropriate, of the relevant passages Relevant to claim No.

A NO 98/43071 A (NELLCOR PURITAN BENNETT 1,9,14,
INC) 1 October 1998 (1998—10—01) 21
abstract

  

Form PCT/ISAl210 (ccntlnuallon of second #1951) (April 2005)

746



747

 
 

  
  

  

INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No

 
 

 

PCT/U82006/DO7387

Patent document Publication Patent family Publication
Cited in search report date member(s) date

US 4653498 A 31—03—1987 NONE

736060 B2 26—07—2001
AU 2105297 A 20-10-1998
CA 2283860 A1 01—10-1998
EP 0966665 A1 29—12—1999

2001517128 T 02—10—2001

  
  

  
 

 
Form PCT/ISAI210 (patent family annex) (April 2005)

747



748

 
Eeeeeeneé

Eébiéegrephie new: EM gfififififi {AI} m Efififiuifi “23

meme end wrie‘i were neviee “fer pulse mire detection

Inventor(s):

Applicant(s):

Classification:

Application
number:

Priority

number(s):

Also

published as:

KLOPFENSTEIN FRANCOIS [CH]; VETTER ROLF [CH]; RENEVEY

PHILIPPE [CH]; NEUMAN VICTOR [CH]; VERJUS CHRITOPHE

[CH] : (KLOPFENSTEIN, FRANCOIS, ; VETTER, ROLF, ; RENEVEY,

PHILIPPE, ; NEUMAN, VICTOR, ;VERJUS, CHRITOPHE)

ETA SA MFT HORLOGERE SUISSE [CH] 3; (ETA SA

MANUFACTURE HORLOGERE SUISSE)

- international:A518$/Q24

- cooperative: Afi‘iBfiiflM‘lfi {g3}; Afi‘lBfiifiZégfi {gag}; Afi’lBfififlZéfi

{EB}.
EP2006011 7653 20060721 GIQbaE Dossier

EP20060117653 20060721

CN101198126 (Elk HKi’EMBE’E (e1). mere

Regime? e? EFT Sfififififi {All}

The eelenmeier {W} has an eleeirenie apnea: eneeeuremeni devise {l8} measuring a

enlee a? a wearer and cemprieing light emirates {Eiwfié‘} and receivers; {Rifiié‘}; The

memes are farmed by a {jinee emitting light in infrared range, and fine reeeivere eve

formed by ehetedimiee; The eeureee and the reeeivere ere errenged in the form ex“ 23

matrix including rewe ene eelumne {@433}, "line rewe are oriented along a direction

ennegenel ”(e e direefien e? e wrie‘i, enij the columns are erieniee parallel ii: the

direction eftne wrist Each mw and celumn eiiemeieiy eentaine ene iignt meme and

ene receiver; An ineependent claim is else inciudefi fer e seemed fer eentreiiing e

en lemmeier,

748



749

Retest “transiste
Powered by EEG and Googte 

Notice

This transtation is machine-generated. It cannot be guaranteed that it is intetligible, accurate,

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or

financiat decisions, should not be based on machine-translation output.

CLAIMS EP1880666

1.

Portable wrist putse sensor (12) having a housing (14) which contains an optical optical measuring

device (18) of the pulsometer carrier pulse (10) and an electronic circuit (20) for processing the

measurements in view catculating the pulse (P), a wristband (16) which holds the bottom (24) of

the casing (14) against the wrist (12), in which the etectronic optical measuring device (18) has at

least one light source (E1, E2, E3) and a plurality of light receivers (R1, R2, R3) which are

arranged in the bottom (24) of the housing (14) and which are directed towards the wrist (12),

characterized in that the optical etectronic measuring device (18) comprises at least two tight

sources (E1, E2, E3) and at teast two receivers (R1, R2, R3), in that the tight sources (E1, E2, E3)

and the receivers (R1, R2, R3) are arranged in the form of a matrix comprising two lines (L1, L2),

each oriented in a direct direction orthogonal ion to the direction (D1) of the wrist (12), and at least

two columns (C1, C2, CB), oriented paratlet to the direction (D1) of the wrist (12), in that each line

(L1, L2 ) of the matrix atternately contains a light source (E1, E2, E3) and a receiver (R1, R2, R3),

and each column (C1, C2, C3) of the matrix atternatety contains a light source (E1, E2, E3) and a

receptor (R1, R2, R3).

2.

Putsometer (10) according to the preceding ctaim, characterized in that the distance between each

light source (E1, E2, E3) and the adjacent receiver (R1, R2, R3) in a tine (L1, L2) of the matrix is

substantiaily equal to the distance between each light source (E1, E2, E3) and the adjacent

receiver (R1, R2, R3) in a column (C1, C2, CS) of the matrix.

11-12-2019 1
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Putsometer (10) according to claim 1 or 2, characterized in that the matrix comprises three

cotumns (C1, 02, CS), and in that the first tine (L1) contains a light source (E2) surrounded by two

receivers ( R1, R3), and the second line (L2) contains a receiver (R2) surrounded by two tight

sources (E1, E3).

4.

Puisometer (10) according to any one of the preceding claims, characterized in that each iig ht

source (E1, E2, E3) is constituted by a diode which emits light in the infrared range, and each

receiver (R1 , R2, R3) is constituted by a photodiode.

5.

Putsometer (10) according to any one of the preceding claims, characterized in that the electronic

circuit (20) comprises a pulse catcutation unit (28) which calculates a pulse value (P1, P2, P3)

respectiveiy corresponding to each receiving signal (SR1, SR2, SR3) produced by a receiver (R1,

R2, R3), and a selection unit (30) which determines an optimum pulse value (PO) among the

pulse values (P1, P2, P3) obtained by the puise calculation unit (28).

6.

Puisometer (10) according to any one of claims 1 to 4, characterized in that the electronic circuit

(20) comprises a computing unit (26) of a virtual signal (SV) corresponding to an addition of the

reception signals ( SR1, SR2, SR3) produced by each of the receivers (R1, R2, R3), a pulse

catcutation unit (28) which calculates a pulse value (P1, P2, P3, PV) respectivety corresponding to

each reception signai (SR1, SR2, SR3) produced by a receiver (R1, R2, R3) and the virtual signal

(SV), and a selection unit (30) which determines an optimum pulse value (PO) among the pulse

vaiues ( P1, P2, P3, PV) obtained by the puise calculation unit (28).

7.

Puisometer (10) according to claim 5 or 6, characterized in that the eiectronic circuit (20)

comprises a calculation unit (32) of a reliability index (lF) of the measurements which is a function

of the pulse vatues (P1, P2, P3, PV) obtained by the pulse calculation unit (28).

8.

A method of controlling a pulsometer (10) according to any one of the preceding ciaims,

comprising a measuring step in which each light source (E1, E2, E3) emits a light beam (FL) and

each receiver (R1 , R2, R3) produces a receive signal (SR1, SR2, SR3) as a function of the

received light, and a putse calculation step in which a pulse value (P1, P2, P3) is calculated from

11422019 2
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of the reception signal (SR1, SR2, SR3) produced by each receiver (R1, R2, R3) during the

measuring step, characterized in that the step of calculating the putse (P1, P2, P3) is followed by a

selection step in which an optimum pulse value (PO) is selected from the pulse values (P1, P2,

P3) obtained in the pulse calculation step.

9.

A method of controlling a pulsometer (10) according to any one of claims 1 to 7, comprising a

measuring step in which each light source (E1, E2, E3) emits a light beam (FL) and each receiver

(R1, R2, R3) produces a reception signal (SR1, SR2, SR3) as a function of the received light, and

a pulse calculation step in which a pulse value (P1, P2, P3) is calculated from the reception signal

(SR1, SR2, SR3) produced by each receiver (R1, R2, R3) during the measurement step,

characterized in that a step of calculating a virtual signal (SV) corresponding to an addition of the

reception signals (SR1, SR2, SR3) produced by each of the receivers (R1, R2, R3) is interposed

between the measuring step and the step of calculating the pulse, in that a value pulse rate (PV) is

calcutated from the virtual signal (SV) during the pulse calculation step, and that, during the

selection step, the The optimum heart rate (OP) is setected from the pulse values (P1, P2, P3, PV)

obtained in the putse calculation step.

10.

Control method according to claim 8 or 9, characterized in that the step of calculating the pulse is

followed by a step of calculating a retiability index (lF) ot the measurements during which a

comparison is made between the values of pulses (P1, P2, P3, PV) obtained in the pulse

catcutation step.

11.

Control method according to the preceding claim, characterized in that the step of calculating the

retiability index (lF) of the measurements is followed by a step of detecting the positioning state of

the housing (14) during which , depending on the value of the reliabitity index (lF), is determined

whether the pulse sensor (10) is worn or if the housing (14) is incorrectly positioned on the wrist

(12).

11422019 3
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detest transtate
Powered by EFG and Googte 

Notice

This transtation is machine-generated. It cannot be guaranteed that it is intetligible, accurate,

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or

financiat decisions, should not be based on machine-translation output.

DESCRIPTION EP1880666

[0001]

The invention relates to a portabte wrist putse and its control method.

[0002]

The invention more particularly retates to a portable wrist putse comprising a housing which

contains an electronic device for opticat measurement of the puisometer wearer‘s pulse and an

eiectronic circuit for the processing of measurements for catculating the pulse, a clamping strap

which maintains the bottom of the case pressed against the wrist, wherein the optical electronic

measuring device comprises at least one light source and a pluraiity of light receivers which are

arranged in the bottom of the housing and which are oriented towards the wrist.

{0003]

Such a type of putsometer is described in particutar in the document US 2003/0065269.

ln this document, the optical electronic measuring device comprises an emitting diode which is

arranged in the center of a square defined by four photodiodes, so that each photodiode is located

equidistant from the emitter diode.

[0004]

11422019 1
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Although this arrangement of the diode and photodiodes generatly gives good results, there are

sometimes problems of reliability of the putse measurements, in particular because of

physiological differences between the different carriers, for example in terms of vascuiarization of

the wrist. These measurement reliability problems may also arise due to poor positioning of the

case on the wrist.

[0005]

The invention aims in particuiar to remedy these disadvantages by proposing a simple and

economical solution.

[0006]

For this purpose, the invention proposes a pulsometer of the type described above, characterized

in that the optical measurement electronic device comprises at least two tight sources and at least

two receivers, in that the iight sources and the receivers are arranged under the shape of a matrix

comprising two lines, each oriented in a direction orthogonal to the direction of the wrist, and at

least two columns, oriented parallel to the direction of the wrist, in that each line of the matrix

aiternately contains a light source and a receiver, and each column of the matrix contains a light

source and a receiver.

{0007]

Thanks to the arrangement according to the invention, there has been an increase in the reliability

of measurements despite the fact that the receivers are not distributed symmetricaliy around each

light source.

ln particular, shifting the columns of light sources and receivers in a direction orthogonal to the

wrist direction makes it possible to cover a wide variety of different physioiogical characteristics

among the carriers, which makes it possible to compensate for the differences in vascularization.

[0008]

The arrangement according to the invention also makes it possibie to detect more easily a bad

positioning of the pulsometer casing on the wrist, which makes it easier for the wearer to detect

the origin of the measurement errors of the pulse.

11-12-2019 2
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[0009]

Preferably, the distance between each light source and the adjacent receiver in a row of the array

is substantially equal to the distance between each light source and the adjacent receiver in a

coiumn of the array.

Such an arrangement facititates the processing of the signal produced by each receiver by

homogenizing the intensity of the signals.

[0010]

According to an advantageous embodiment, the matrix comprises three columns, and the first line

contains a light source surrounded by two receivers, and the second line contains a receiver

surrounded by two light sources.

This arrangement offers a particularly effective compromise by covering a greater number of

different carrier physiologies while altowing to realize a compact and economical optical electronic

measuring device. in particular, this arrangement minimizes the area occupied on the bottom of

the housing, particuiarly in the direction of the wrist, with respect to a device according to the prior

art.

{0011]

ln the context of the present invention, it has unexpectedty been found that the non-symmetrical!

arrangement of the receivers with respect to the light sources has not decreased the reliability of

the signals produced by the receivers. On the contrary, this arrangement makes it possible to

obtain at least one reliable reception signal in the majority of cases, whatever the morphology of

the wearer and its vascuiarization characteristics.

{0012]
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Preferably, each light source is constituted by a diode which emits light in the infrared range, and

each receiver is constituted by a photodiode This optical measurement system is the one that

offers the best resutts in terms of reliability and quality of measurements, while being economical

and easy to implement.

[0013]

According to an advantageous embodiment, the electronic circuit comprises a pulse calculation

unit which calculates a pulse value respectively corresponding to each reception signal produced

by a receiver and to a virtual signal obtained by a calculating unit of a virtual signal. which

corresponds to an addition of the reception signals produced by each of the receivers. A selection

unit determines an optimum pulse value among the pulse values obtained by the pulse calculation

unit. This solution further increases the diversity of usable signats and makes it possible to

compensate measurement errors between the different receivers.

[0014]

Advantageously, the electronic circuit comprises a unit for catcuiating a reliability index of the

measurements which is a function of the pulse values obtained by the pulse calculation unit. This

retiability index makes it possible to make the most of the diversity of the signals produced by the

receivers by making it possible to avoid displaying unrealistic putse values and by making it

possible to inform the user of the quality of the measurements made. In addition, when this

reiiability index reaches a determined value, the electronic circuit can detect a bad positioning of

the housing on the wrist or an unworn state of the pulsometer.

[0015]

The invention also proposes a method for controlling a pulsometer according to one of the

preceding characteristics, comprising a measurement step during which each light source emits a

light beam and each receiver produces a reception signal according to the light. received, and a

step of calculating the pulse rate during which a pulse vaiue is calculated from the reception signat

produced by each receiver during the measurement step, characterized in that a step of

caicutating a virtual signal corresponding to an addition of the reception signals produced by each

of the receivers is interposed between the measurement step and the step of calculating the pulse,

in that a pulse value is calculated from the virtual signal during the step of calculating the pulse,

and in that, during the selection step, the optimum pulse value is selected from the pulse values
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obtained in the putse calculation step.

[0016]

According to other characteristics of this method: the step of calculating the pulse is followed by a

step of calculating a retiabiiity index of the measurements during which a comparison is made

between the puise values obtained in the step of pulse caicutation; the step of calculating the

reiiabiiity index of the measurements is foilowed by a step of detecting the positioning state of the

housing during which, as a function of the value of the reliability index, is determined whether the

pulsometer is worn or if the case is positioned incorrectly on the wrist.

{0017]

Other characteristics and advantages of the present invention witl appear more clearly on reading

the detailed description which follows, made with reference to the accompanying drawings given

by way of non-timiting exampte and in which: FlG. 1 is a view from above which schematicalty

represents the putsometer according to the invention worn on the wrist of a wearer; FIG. 2 is a

bottom view diagrammatically showing the bottom of the pulsometer casing of FlG. 1 and its

eiectronic device for opticai pulse measurement; Figure 3 is a sectionat view aiong the plane 3—3

which schematicalty shows the puisometer of Figure 1 and the tight beam emitted by a light source

of the eiectronic opticat measuring device; HQ 4 is a block diagram which represents the

pulsometer of HS. 1 and the eiectronic circuit which equips it.

{0018]

in Figures 1 to 4, there is shown a portabte pulse wrist 12 of a carrier.

The putsometer 10 comprises a casing 14 attached to the wrist 12 by means of a wristband 16.

[0019]

in the remainder of the description, the direction 01 of the wrist 12 wili be referred to as the

general direction of the forearm associated with the wrist 12 of the wearer.

[0020]

The housing 14 contains an optical etectronic device 18 for measuring the carrier's putse and an

eiectronic circuit 20 for processing the measurements in order to calculate the carrier's pulse P
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and to disptay it by means of a disptay device 22 such as as a iiquid crystal display.

{0021]

The optical electronic measuring device 18 is arranged in the bottom 24 of the casing 14, on the

opposite side to the display device 22.

The bracelet 16 is provided to hold the bottom 24 of the casing 14 against the wrist 12, so as to

optimize the operation of the optical electronic measuring device 18.

[0022]

According to the teachings of the invention, the optical electronic measuring device 18 comprises

at least two light sources E1, E2, E3 and at least two light receivers R1, R2, R3 which are oriented

towards the wrist 12 of the wearer and which are arranged in the form of a matrix comprising two

lines L1, L2, oriented in a direction orthogonal to the direction D1 of the wrist 12, and at least two

coiumns C1, C2, CB, oriented paraliel to the direction D1 of the wrist.

in addition, each iine L1, L2 of the matrix aiternatety contains a light source E1, E2, E3 and a

receiver R1, R2, R3, and each column C1, C2, C3 of the matrix contains a tight source E1, E2, E3

and a receiver R1, R2, R3.

[0023]

According to a preferred embodiment, which is shown in the figures, the opticai electronic

measurement device 18 comprises three iight sources E1, E2, E3, constituted by three diodes

emitting in the infrared range, and three receivers R1, R2 , R3, constituted by three photodiodes

provided to each produce a reception signai SR1, SR2, SR3 which is a function of the amount of

light received.

[0024]

The matrix therefore comprises here three columns C1, C2, C3 with, considering HQ. 2, a first

coiumn C1 comprising a first receiver R1 in the first line L1 and a first light source E1 in the

second line L2, a second column C2 having a second tight source E2 in the first line L1 and a
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second receiver R2 in the second line L2, and a third column C3 having a third receiver R3 in the

first line L1 and a third light source E3 in the second line L2.

[0025]

ln the first line L1, the second light source E2 is substantially aligned with the first and third

receivers R1, R3.

in the second line L2, the first and third light sources E1, E3 are therefore substantiatly atigned

with the second receiver R2.

[0026]

Preferably, the distance between each light source E1, E2, E3 and the adjacent receiver R1, R2,

R3 in a tine L1, L2 of the matrix is substantially equal to the distance between each light source

E1, E2, E3 and the receiver R1, R2, R3 adiacent in a C1, 02 cotumn of the matrix.

[0027]

According to the embodiment shown in the figures, lines L1, L2 are rectilinear but they could also

be curved and describe two arcs of circles substantially parallel, secant.

[0028]

FIG. 4 shows in greater detail the electronic circuit 20 of the pulsometer 10 according to the

invenfion.

[0029]

According to the preferred embodiment, the etectronic circuit 20 comprises a first computing unit

26 which determines, from the reception signats SR1, SR2, SR3 produced by the three receivers

R1, R2, R3 during each pulse measurement, a associated virtual reception signal SV.

The virtual reception signal SV is preterabiy constituted by an addition of the three reception

signals SR1, SR2, SR3.
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[0030]

The electronic circuit 20 comprises a second computing unit 28 which determines, from the

reception signals SR1, SR2, SR3 produced by the receivers R1, R2, R3 and from the virtual signal

SV, the pulse vatues P1, P2, P3, corresponding PV.

The second computing unit 28 is designed to process the signals SR1, SR2, SR3, SV by

eliminating the noise, for example by means of filters (not shown), this noise being due mainly to

the micro-movements of the housing 14 by compared to the wrist 12 of the wearer.

[0031]

The electronic circuit 20 comprises a selection unit 30 which selects, from the pulse values P1, P2,

P3, PV obtained by the second calculation unit 28, an optimum pulse vaiue PO. This optimum

pulse value PO is selected on the basis of criteria defined by design, for example the pulse vatue

P1, P2, P3, PV having the smallest variance is selected as the optimum value PO.

{0032]

The optimum pulse value PO selected by the setection unit 30 is transmitted to the disptay device

22 to altow the wearer to view it.

{0033]

Of course, from the optimum pulse value PO, other parameters retated to the pulse value PO can

also be calcutated and displayed, for example the amount of calories consumed, or other

information related to the history of the pulse. pulse measurements.

[0034]

According to the preferred embodiment, the electronic circuit 20 comprises a third calculation unit

32 which determines the value of a reliability index lF of the pulse measurements from the pulse

vaiues Pt, P2, P3, PV obtained by the second computing unit 28.

11422019 8

759



760

The third computing unit 32 assigns a reliability index value lF which is, for example, a function of

the frequency of the signals corresponding to the pulse values P1, P2, P3, PV, of the correlation

between these signals, of the amplitude of these signals, and history of pulse values P1, P2, P3,

PV.

[0035]

Regarding the frequency, it is necessary that the signats are inctuded in a determined spectral

band.

[0036]

When several signals are correlated, that is to say that several signals give the same information,

in particular having similar variations at the same time, this indicates that this information is

retiable since the spatial diversity of the receivers R1, R2, R3 makes that they are influenced

differentiy when the housing 14 is incorrectly positioned.

[0037]

The ampiitude of these signals must be within defined limits, so that a too large amplitude makes it

possible to detect a problem of reliability of the measurement due to movements of the wearer.

{0038]

The determination of the reliability index lF exptoits for example the result of catcuiations of

variance and dispersion of the pulse values P1, P2, P3, PV.

[0039]

According to an atternative embodiment of the invention, the third computing unit 32 can also use

the reception signals SR1, SR2, SR3 and the virtual signal SV to determine the vaiue of the

retiability index lF.

{0040]

The third computing unit 32 can transmit the value of the reliability index lF to the display device

22 to enabie the wearer to know the retiabiiity of the pulse vatues P that are displayed.
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Depending on the value of the reiiabitity index lF, when this is representative of insufficient

reiiability of the measurements, the electronic circuit 20 can also control the suspension of the

disptay of the putse P, so as not to display erroneous P-pulse values.

{0041]

Advantageously, depending on the value of the reliabitity index IF, the electronic circuit 20 can

detect a poor positioning of the housing 14 on the wrist 12, which results in a greater amount of

ambient light that reaches at least the one of the receivers R1, R2, R3.

[0042]

in the context of the present invention, after numerous experiments and tests, it has been found

that the configuration according to the preferred embodiment with three light sources E1, E2, E3

and three receivers R1, R2, R3 is that which offers the best compromise for improving the

retiability of pulse measurements by covering a large number of carriers with different

physiological characteristics, while limiting the size and complexity of the opticat electronic

measuring device 18.

in addition, this configuration is the one that gives the best results to detect problems of

misplacement of the housing 14 on the wrist 12.

[0043]

it should be noted that, in the preferred embodiment, the second receiver R2, which is located in

the center of the second line L2 and is therefore surrounded by three tight sources E1, E2, E3,

receives light from these three sources. E1, E2, E3, while each of the two other receivers R1, R3

receive substantially light from the two adjacent tight sources, respectivety E1, E2 and E2, E3.

To compensate for this imbalance in light reception, it is planned to reduce the gain in the channet

of the analog electronic circuit processing the reception signal SR2 produced by the second

receiver R2.

Alternativety, the aforesaid imbalance of the signal SR2 can be corrected numericatly by the
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catcutation unit 26.

[0044]

The method of controlling the puisometer according to the invention is now described.

[0045]

This method comprises a measurement step, implemented by the opticat measurement electronic

device 18, during which each light source E1, E2, E3 emits a light beam FL directed towards the

wrist 12 of the wearer.

This tight beam FL propagates in the wrist 12 and part of this light beam FL is backscattered and

detected by the receivers R1, R2, R3.

Depending on the amount of light received, each receiver produces a reception signal SR1, SR2,

SR3 which enabies the heartbeat of the wearer to be measured by detecting periodic variations in

the tight energy absorbed by the wearer's tissues.

{0046]

The principle of this pulse measurement step P is described in particular in document US

2003/0065269 to which reference may be made for details, in particular in the preambie of the

description of this document.

{0047]

According to the teachings of the invention, the step of measuring the pulse P is foliowed by a step

of catcuiating the virtual signal SV, implemented by the first caiculation unit 26, during which the

corresponding virtuai signai 8V is produced. an addition of the reception signals SR1, SR2, SR3.

[0048]

The step of catcutating the virtual signal 8V is fotlowed by a step of catcutating the putse P1, P2,

P3, PV, implemented by the second caicuiation unit 28, during which the reception signals SR1,

SR2, SR3 and the virtual signal SV are processed to determine the corresponding pulse values

P1, P2, P3, PV.
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[0049]

The step of caicutating the putse is followed by a selection step, carried out by the selection unit

30, during which the optimum pulse vatue PO is selected from the pulse vatues P1, P2, P3, PV.

obtained during the pulse calculation step.

it is this optimum putse value PO that is intended to be displayed.

[0050]

Preferably, the step of calculating the pulse is fotlowed by a step of catcutating the reliability index

lF of the measurements, impiemented by the third calculation unit 32, during which the pulse

vatues P1, P2, P3 corresponding to the reception signals SR1, SR2, SR3 and the pulse vatue PV

corresponding to the virtual signal SV are compared with each other so as to determine the vaiue

of the reliability index it: representative of the confidence that can be placed in the measurements

performed and in the optimum pulse value PO obtained by the selection unit 30.

{0051]

it is noted that the step of catcutating the reliability index IF can provide for comparing the pulse

vatues P1, P2, P3, PV obtained by the step of calcutating the current pulse with the previous

vatues that were obtained during the calculation steps corresponding to the previous

measurements and which have been memorized, which makes it possible to determine whether

the evolution of the value of the pulse PO over time is reaiistic.

{0052]

The reliability index iF can be catcutated taking into account the amplitude values of the DC and

AC components of each pulse vatue P1, P2, P3, PV due to ambient light, and amplitude vaiues of

the DC and DC components. alternative of each signal P1, P2, P3, PV due to the light emitted by

the sources E1, E2, E3, and taking into account values derived from these signals P1, P2, P3, PV,

such as for example the variance or the frequency spectrum.

Taking into account these parameters, it is thus possibte to distinguish the case where the pulse
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10 is incorrectly positioned on the wrist 12 of the case where the pulse 10 is not worn, for example

when it is placed on a tabte.

[0053]

Advantageously, the step of calculating the reliability index lF is followed by a step of detecting a

bad positioning of the casing 14 on the wrist 12 or of an unwom state of the puisometer 10 during

which, according to of the value of the reliability index lF, the electronic circuit 20 signals to the

carrier the incorrect positioning, for exampte by means of the display device 22, or the electronic

circuit 20 interrupts the display of the pulse in the case of a detection of an unwom state.
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de mesure optique (18)du pouls etun circuitélectronique
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ce que Ie dispositif électronique de mesure optique (18)
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E3) et au moins deux récepteurs (R1 , R2, R3), en ce que
les sources lumineuses (E1, E2, E3) et les récepteurs
(R1, R2, R3) sont agencés sous la forme d’une matrice
comportant deux Iignes (L1, L2), orientées chacune sui-
vant une direction orthogonale a la direction (D1) du poi—
gnet (12), etau moins deux colonnes (C1 , C2, C3), orien—
tées parallelement a la direction (D1) du poignet (12), en
ce que chaque Iigne (L1 , L2) de la matrice contient alter-
nativement une source lumineuse (E1, E2, E3) et un ré-
cepteur (R1, R2, R3), et chaque colonne (C1, C2, 03)
de la matrice contient une source lumineuse (E1 , E2, E3)
et un récepteur (R1, R2, R3).

L’invention propose aussi un procédé de commande
de ce pulsometre (10).
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Description

[0001] L’invention concerne un pulsometre portable au
poignet et son procede de commande.
[0002] L’invention concerne plus particulierement un
pulsometre portable au poig net comportant un boitier qui
contient un dispositif électronique de mesure optique du
pouls du porteur du pulsometre et un circuit électronique
pour le traitement des mesures en vue de calculer le
pouls, un bracelet de serrage qui maintient le fond du
boitier plaque’ contre le poignet, dans lequel Ie dispositif
électronique de mesure optique comporte au moins une
source lumineuse et plusieurs récepteurs de lumiere qui
sont agencés dans le fond du boitier et qui sont orientés
vers Ie poignet.
[0003] Un tel type de pulsometre est décrit notamment
dans le document US 2003/0065269. Dans ce document,
le dispositif électronique de mesure optique comporte
une diode émettrice qui est agencée au centre d’un carré
défini par quatre photodiodes, de maniere que chaque
photodiode soit située a égale distance de la diode émet—
trice.

[0004] Bien que cette disposition de la diode et des
photodiodes donne généralement de bons résultats, on
constate parfois des problemes de fiabilité des mesures
de pouls, notamment en raison de differences physiolo-
giques entre les différents porteurs, par exemple en ma-
tiere de vascularisation du poignet. Ces problemes de
fiabilité des mesures peuvent aussi apparaitre en raison
de mauvais positionnements du boitier sur le poignet.
[0005] L’invention vise notamment a remédier a ces
inconvénients en proposant une solution simple et éco-
nomique.
[0006] Dans ce but, l’invention propose un pulsometre
du type décrit précédemment, caractérisé en ce que le
dispositif électronique de mesure optique comporte au
moins deux sources lumineuses et au moins deux récep—
teurs, en ce que les sources lumineuses et les récepteurs
sont agencés sous la forme d’une matrice comportant
deux lignes, orientées chacune suivant une direction or-
thogonale a la direction du poignet, et au moins deux
colonnes, orientées parallelement a la direction du poi-
gnet, en ce que chaque ligne de la matrice contient al-
ternativement une source lumineuse et un récepteur, et
chaque colonne de la matrice contient une source lumi—
neuse et un récepteur.
[0007] Grace a l’agencement selon l’invention, on a
constaté une augmentation de la fiabilité des mesures
malgré le fait que les récepteurs ne sont pas répartis de
maniere symétrique autour de chaque source lumineuse.
En particulier, le décalage des colonnes de sources lu-
mineuses et de récepteurs selon une direction orthogo—
nale a la direction du poignet permetde couvrir une gran—
de variété de caractéristiques physiologies différentes
parmi les porteurs, ce qui permet de compenser les dif—
férences de vascularisation.

[0008] L‘agencementselonl’inventionpermetausside
détecter plus facilement un mauvais positionnement du
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boitier du pulsometre sur le poignet, ce qui permet au
porteur de détecter plus facilement I’origine des erreurs
de mesure du pouls.
[0009] De preference, la distance entre chaque source
lumineuse et le récepteur adjacent dans une ligne de la
matrice est sensiblement égale a la distance entre cha-
que source lumineuse et le récepteur adjacent dans une
colonne de la matrice. Un tel agencement facilite Ie trai-
tement du signal produit par chaque récepteur en homo-
généisant l‘intensité des signaux.
[0010] Selon un mode de realisation avantageux, |a
matrice comporte trois colonnes, et la premiere lig ne con—
tient une source lumineuse entourée par deux récep—
teurs, et la seconde ligne contient un récepteur entouré
par deux sources lumineuses. Cette disposition offre un
compromis particulierement efficace en couvrant un plus
grand nombre de physiologies des porteurs différentes
tout en permettant de réaliser un dispositif électronique
de mesure optique compact et économique. En particu-
lier, cette disposition minimise la surface occupee sur |e
fond du boitier= notamment dans la direction du poignet,
par rapport a un dispositif selon l’art antérieur.
[0011] Dans le cadre de la présente invention, il a été
constate de maniere inattendue que I’agencement non
symétrique des récepteurs par rapport aux sources lu-
mineuses n’a pas diminué lafiabilité des signaux produits
par les récepteurs. Au contraire, cet agencement permet
d’obtenir au moins un signal de réception fiable dans la
majorité des cas, quel que soit la morphologie du porteur
et ses caractéristiques de vascularisation.
[0012] De préférence, chaque source lumineuse est
constituée par une diode qui émet de la lumiere dans Ie
domaine de I’infrarouge, et chaque récepteur est cons-
titué par une photodiode. Ce systeme de mesure optique
est celui qui offre les meilleurs résultats en matiere de
fiabilité et de qualite des mesures, tout en étant econo—
mique et simple de mise en oeuvre.
[0013] Selon un mode de réalisation avantageux, Ie
circuit électronique comprend une unité de calcul du
pouls qui calcule une valeur de pouls correspondant res-
pectivement a chaque signal de reception produit par un
récepteur et a un signal virtuel obtenu par une unité de
calcul d’un signal virtuel qui correspond a une addition
des signauxde reception produits par chacun des recep—
teurs. Une unité de selection determine une valeur de

pouls optimale parmi les valeurs de pouls obtenues par
l’unité de calcul du pouls. Cette solution augmente en—
core la diversité des signaux exploitables et permet de
compenser les erreurs de mesures entre les différents
récepteurs.
[0014] Avantageusement, le circuit électronique com-
prend une unite de calcul d’un indice de fiabilité des me—
sures qui est fonction des valeurs de pouls obtenues par
l’unité de calcul du pouls. Cet indice de fiabilité permet
d’exploiter au mieux la diversité des signaux produits par
les récepteurs en permettant d’éviter d’afficher des va-
leurs de pouls irréalistes et en permettant d’informer l’uti-
lisateur sur la qualité des mesures effectuées. De plus,
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lorsque cet indice de fiabilité atteint une valeur determi-
née, le circuit électronique peut détecter un mauvais po-
sitionnement du boitiersur le poignetou un état non porté
du pulsometre.
[0015] L’invention propose aussi un procédé de com—
mande d‘un pulsometre selon l’une des caractéristiques
précédentes, comportant une étape de mesure au cours
de Iaquelle chaque source lumineuse émet un faisceau
lumineux et chaque récepteur produit un signal de ré-
ception en fonction de la lumiére recue, et une étape de
calcul du pouls au cours de Iaquelle une valeur de pouls
est calculée a partir du signal de reception produit par
chaque récepteur au cours de l‘étape de mesure, carac—
térisé en ce qu’une étape de calcul d’un signal virtuel
correspondant a une addition des signaux de réception
produits par Chacun des récepteurs est intercalee entre
l‘étape de mesure et l’étape de calcul du pouls, en ce
qu’une valeur de pouls est calcule’e a partir du signal
virtuel au cours de l’étape de calcul du pouls, et en ce
que, au cours de l’étape de selection, la valeur de pouls
optimale est selectionnee parmi les valeurs de pouls ob—
tenues a l’étape de calcul du pouls.
[0016] Selon d’autres caractéristiques de ce procédé :

- l’étape de calcul du pouls est suivie par une étape
de calcul d’un indice de fiabilité des mesures au

cours de Iaquelle une comparaison est effectuée en-
tre les valeurs de pouls obtenues a l’étape de calcul
du pouls;

- l’étape de calcul de l’indice de fiabilité des mesures
est suivie par une étape de détection de l’état de
positionnement du boitier au cours de Iaquelle, en
fonction de la valeur de l’indice de fiabilité, est dé-

terminé si le pulsometre est porté ou si le boitier est
mal positionné sur le poignet.

[0017] D’autres caractéristiques et avantages de la
presente invention apparaitront plus clairement a la lec—
tu re de la description détaillée qui suit, faite en référence
aux dessins annexes donnés a titre d’exemple non limi-
tatifs et dans lesquels :

- la figure 1 est une we de dessus qui représente
schématiquement le pulsométre selon l’invention
porte au poignet d’un porteur;

- la figure 2 est une we de dessous qui représente
schématiquement le fond du boitier du pulsometre
de lafigure1 etson dispositif électronique de mesure
optique du pouls;

- la figure 3 est une vue en coupe selon le plan 3-3
qui représente schématiquement le pulsométre de
lafigure1 et le faisceau lumineux émis par une sour—
ce lumineuse du dispositif électronique de mesure
optique;

- la figure 4 est un schema fonctionnel qui représente
le pulsometre de la figure 1 et le circuit électronique
qui l’équipe.
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[0018] Sur les figures 1 a 4, on a représenté un pulso-
metre 1O portable au poignet 12 d’un porteur. Le pulso-
metre 1O comporte un boitier 14 attache au poignet 12
par l’intermédiaire d’un bracelet 16 de serrage.
[0019] Dans la suite de la description, on désignera
par direction D1 du poignet 12 la direction générale de
l’avant-bras associé au poignet 12 du porteur.
[0020] Le boitier 14 contient un dispositif électronique
de mesure optique 18 du pouls du porteur et un circuit
électronique 2O pour le traitement des mesures en we
de calculer le pouls P du porteur etde l‘afficher au moyen
d’un dispositif d’affichage 22 tel qu’un écran a cristaux
liquides.
[0021] Le dispositifélectroniquede mesure optique 18
est agencé dans le fond 24 du boitier 14, du cété opposé
au dispositif d’affichage 22. Le bracelet 16 est prévu pour
maintenir le fond 24 du boitier 14 plaqué contre le poignet
12, de maniere a optimiser le fonctionnement du dispo-
sitif électronique de mesure optique 18.
[0022] Conformément aux enseignements de l’inven—
tion, le dispositif électronique de mesure optique 18 com—
porte au moins deux sources lumineuses E1, E2, E3 et
au moins deux récepteurs R1 , R2, R3 de lumiére qui sont
orientés vers le poignet 12 du porteur etqui sont agences
sous la forme d’une matrice comportant deux lignes L1,
L2, orientées suivant une direction orthogonale a la di-
rection D1 du poignet 12, et au moins deux colonnes C1,
C2, C3, orientées parallelement a la direction D1 du poi—
gnet. De plus, chaque ligne L1 , L2 de la matrice contient
alternativement une source lumineuse E1, E2, E3 et un

récepteur R1, R2, R3, et chaque colonne C1, C2, 03 de
la matrice contient une source lumineuse E1, E2, E3 et

un récepteur R1, R2, R3.
[0023] Selon un mode de réalisation préféré, qui est
représenté sur les figures, le dispositif électronique de
mesure optique 18 comporte trois sources lumineuses
E1, E2, E3, constituées par trois diodes émettant dans
le domaine de l’infrarouge, et trois récepteurs R1, R2,
R3, constitués par trois photodiodes prévues pour pro-
duire chacune un signal de réception SR1, SR2, SR3 qui
est fonction de la quantite de lumiere recue.
[0024] La matrice comporte donc ici trois colonnes C1 ,
C2, C3 avec, en considérant la figure 2, une premiere
colonne C1 comportant un premier récepteur R1 dans la
premiere ligne L1 et une premiere source lumineuse E1
dans la seconde ligne L2, une deuxieme colonne C2
comportant une deuxieme source lumineuse E2 dans la
premiere ligne L1 et un deuxieme récepteur R2 dans la
seconde ligne L2, et une troisieme colonne C3 compor-
tant un troisiéme récepteur R3 dans la premiere ligne L1
et une troisieme source lumineuse E3 dans la seconde

ligne L2.
[0025] Dans la premiere ligne L1, la deuxieme source
lumineuse E2 est donc sensiblement alignee avec le pre—
mier et le troisiéme récepteurs R1, R3. Dans la seconde
ligne L2, la premiere et la troisieme sources lumineuses
E1, E3 sont donc sensiblement alignées avec le deuxie-
me récepteur R2.
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[0026] De preference, la distance entre chaque source
lumineuse E1 , E2, E3 et le récepteur R1 , R2, R3 adjacent
dans une ligne L1, L2 de la matrice est sensiblement
egale a la distance entre chaque source lumineuse E1,
E2, E3 et le récepteur R1, R2, R3 adjacent dans une
colonne C1, C2 de la matrice.

[0027] Selon le mode de réalisation représenté sur les
figures, les lignes L1, L2 sont rectilignes mais elles pour-
raient aussi étre courbées et décrire deux arcs de cercles

sensiblement paralleles, on sécants.
[0028] Sur la figure 4, on a représenté plus en détail
le circuit électronique 20 du pulsometre 10 selon I’inven—
tion.

[0029] Selon le mode de réalisation préféré, Ie circuit
électronique 20 comprend une premiere unité de calcul
26 qui determine, a partir des signaux de réception SR1 ,
SR2, SR3 produits par les trois récepteurs R1, R2, R3
lors de chaque mesure de pouls, un signal de reception
virtuel SV associé. Le signal de réception virtuel SV est
de preference constitué par une addition des trois si—
gnaux de reception SR1, SR2, SR3.
[0030] Le circuit électronique 20 comporte une deuxie—
me unité de calcul 28 qui détermine, a partir des signaux
de reception SR1, SR2, SR3 produits par les récepteurs
R1, R2, R3 eta partir du signal virtuel SV, les valeurs de
pouls P1 , P2, P3, PV correspondantes. La deuxieme uni-
té de calcul 28 est prévue pour traiter les signaux SR1,
SR2, SR3, SV en éliminant Ie bruit, par exemple a l’aide
de filtres (non représentés), ce bruit étant d0 principale—
ment aux micro—mouvements du boitier 14 par rapport
au poignet 12 du porteur.
[0031] Le circuit électronique 20 comporte une unité
de sélection 30 qui sélectionne, parmi les valeurs de
pouls P1 , P2, P3, PV obtenues par la deuxieme unité de
calcul 28, une valeur de pouls optimale PO. Cette valeur
de pouls optimale PO est sélectionnée sur la base de
criteres définis par conception, par exemple la valeur de
pouls P1, P2, P3, PV possédant la plus petite variance
est sélectionnée comme valeur optimale PO.
[0032] La valeur de pouls optimale PO sélectionnée
par l‘unité de sélection 30 est transmise au dispositifd’af-
fichage 22 pour permettre au porteur de la Visualiser.
[0033] Bien entendu, a partir de IavaIeur de pouls op-
timale PO, d‘autres parametres lies a la valeur du pouls
PO peuvent aussi etre calculés et affiches, par exemple
la quantité de calories consommées, ou d’autres infor—
mations liées a l’historique des mesures de pouls.
[0034] Selon le mode de réalisation préféré, Ie circuit
électronique 20 comprend une troisieme unité de calcul
32 qui determine la valeur d’un indice de fiabilité IF des
mesures de pouls a partir des valeurs de pouls P1, P2,
P3, PV obtenues par la deuxieme unite de calcul 28. La
troisieme unite de calcul 32 affecte une valeur d’indice

de fiabilité quui est, par exemple, fonction de la frequen—
ce des signaux correspondant aux valeurs de pouls P1,
P2, P3, PV, de la corrélation entre ces signaux, de I’am—
plitude de ces signaux, et de l’historique des valeurs de
pouls P1, P2, P3, PV.
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[0035] Concernant lafréquence, il fautque les signaux
soient compris dans une bande spectrale déterminée.
[0036] Lorsque plusieurs signaux sont corrélés, c‘est—
a—dire que plusieurs signaux donnent Ia meme informa—
tion, notamment en ayant des variations similaires au
méme moment, cela indique que cette information est
fiable puisque la diversité spatiale des récepteurs R1,
R2, R3 fait qu’ils sont influences différemment lorsque Ie
boitier 14 est mal positionné.
[0037] L’amplitude de ces signaux doit étre comprise
dans des limites déterminees, de sorte qu’une amplitude
trop importante permet de détecter un probleme de fia—
bilité de la mesure do a des mouvements du porteur.
[0038] La determination de l’indice de fiabilité IF ex—
ploite par exemple Ie résultat des calculs de variance et
de dispersion des valeurs de pouls P1, P2, P3, PV.
[0039] Selon une variante de realisation de I’invention,
la troisieme unité de calcul 32 peut aussi utiliser les si-
gnaux de réception SR1, SR2, SR3 et Ie signal virtuel
SV pour determiner la valeur de I’indice de fiabilité IF.
[0040] Latroisieme unite de calcul 32 peuttransmettre
la valeur de I’indice de fiabilité IF au dispositif d’affichage
22 pour permettre au porteur de connaitre la fiabilité des
valeurs de pouls P qui sont affichées. En fonction de la
valeur de l’indice de fiabilité IF, lorsque celle-ci est re-
présentative d’une fiabilité insuffisante des mesures, Ie
circuit électronique 20 peut aussi commander la suspen—
sion de l’affichage du pouls P, de maniere a ne pas affi—
cher de valeurs de pouls P erronées.
[0041] Avantageusement, en fonction de la valeur de
l’indice de fiabilité IF, Ie circuit électronique 20 peut dé-
tecter un mauvais positionnement du boitier 14 sur Ie
poignet 12, ce qui se traduit par une plus grande quantité
de lumiere ambiante qui atteint au moins l’un des récep-
teurs R1, R2, R3.

[0042] Dans le cadre de la presente invention, apres
de nombreuses expérimentations et essais, il a été cons—
taté que la configuration selon le mode de realisation
préféré avec trois sources lumineuses E1, E2, E3 et trois
récepteurs R1, R2, R3 est celle qui offre le meilleur com-
promis pour l’amélioration de la fiabilité des mesures de
pouls en couvrant un nombre importantde porteurs avec
des caractéristiques physiologiques differentes, tout en
Iimitant I’encombrement et la complexite du dispositif
électronique de mesure optique 18. De plus, cette con—
figuration est celle qui donne les meilleurs résultats pour
détecter des problemes de mauvais positionnement du
boitier 14 sur le poignet 12.
[0043] On note que, dans le mode de realisation pre-
féré, le deuxieme récepteur R2, qui est situé au centre
de la seconde ligne L2 et qui est donc entouré par trois
sources lumineuses E1, E2, E3, recoit de la lumiere pro—
venant de ces trois sources lumineuses E1 , E2, E3, alors

quechacun des deux autres récepteurs R1 , R3 recoivent
essentiellement de la Iumiere provenant des deux sour-
ces lumineuses adjacentes, respectivement E1, E2 et
E2, E3. Pour compenser ce déséquilibre dans la récep-
tion de lumiere, il est prevu de diminuer le gain dans Ie
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canal du circuit électronique analogique traitant le signal
de reception SR2 produit par le deuxieme récepteur R2.
Alternativement, le susdit déséquilibre du signal SR2
peut etre corrige numeriquement par l’unite de calcul 26.
[0044] On décrit maintenant le procédé de commande
du pulsometre selon l‘invention.
[0045] Ce procédé comporte une étape de mesure,
mise en oeuvre par le dispositif électronique de mesure
optique 18, au cours de laquelle chaque source lumineu-
se E1, E2, E3 émet un faisceau lumineux FL dirigé vers
le poignet 12 du porteur. Ce faisceau lumineux FL se
propage dans le poignet 12 et une partie de ce faisceau
lumineux FL est retro—diffusee et detectee par les récep—
teurs R1, R2, R3. En fonction de la quantité de lumiere
recue, chaque récepteur produit un signal de reception
SR1 , SR2, SR3 qui permet la mesure des pulsations car-
diaques du porteur en détectant des variations périodi-
ques de l’énergie lumineuse absorbée par les tissus du
porteur.
[0046] Le principe de cette étape de mesure du pouls
P est décrit notamment dans le document US

2003/0065269 auquel on pourra se reporter pour plus de
details, en particulierdans le préambule de la description
de ce document.

[0047] Conformément aux enseignements de l’inven-
tion, l’étape de mesure du pouls P est suivie par une
étape de calcul du signal virtuel SV, mise en oeuvre par
la premiere unite de calcul 26, au cours de laquelle est
produit le signal virtuel SV correspondant a une addition
des signaux de reception SR1, SR2, SR3.
[0048] L’étape de calcul du signal virtuel SV est suivie
par une étape de calcul du pouls P1, P2, P3, PV, mise
en oeuvre par la deuxieme unite de calcul 28, au cours
de laquelle les signaux de reception SR1, SR2, SR3 et
le signal virtuel SV sont traités de maniere a déterminer
les valeurs de pouls P1, P2, P3, PV correspondantes.
[0049] L’etape de calcul du pouls est suivie par une
étape de sélection, mise en oeuvre par l’unité de selec—
tion 30, au cours de laquelle la valeur de pouls optimale
PO est sélectionnée parmi les valeurs de pouls P1, P2,
P3, PV obtenues au cours de l’etape de calcul du pouls.
C’est cette valeur de pouls optimale PO qui est prévue
pour étre affichée.
[0050] De préférence, l’étape de calcul du pouls est
suivie par une étape de calcul de l’indice de fiabilite lF
des mesures, mise en oeuvre par la troisieme unité de
calcul 32, au cours de laquelle les valeurs de pouls P1,
P2, P3 correspondant aux signaux de reception SR1,
SR2, SR3 et la valeur de pouls PV correspondant au
signal virtuel SV sont comparées entre elles de maniere
a determiner la valeur de l’indice de fiabilité lF represen-
tatifde laconfiancequi peut etre placeedans les mesures
effectuees et clans la valeur de pouls optimale PO obte—
nue par l’unité de selection 30.
[0051] On note que l’étape de calcul de l’indice de fia—
bilité lF peut prévoir de comparer les valeurs de pouls
P1, P2, P3, PV obtenues par l’étape de calcul du pouls
en cours aux valeurs antérieures qui ont eté obtenues
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lors des étapes de calcul correspondant aux mesures
précédentes et qui ont été mémorisés, ce qui permet de
determiner si l’évolution de la valeur du pouls PO au
cours du temps est realiste.
[0052] L’indice de fiabilité IF peut étre calculé en tenant
compte des valeurs d’amplitude des composantes con-
tinue et alternative de chaque valeur de pouls P1, P2,
P3, PV dues a la lumiere ambiante, et des valeurs d‘am-
plitude des composantes continue et alternative de cha-
que signal P1, P2, P3, PV dues a la lumiere émise par
les sources E1, E2, E3, et en tenant compte de valeurs
dérivées de ces signaux P1, P2, P3, PV, comme par
exemple la variance ou le spectre de fréquences. En te—
nant compte de ces parametres, il est ainsi possible de
distinguer le cas ou le pulsometre 10 est mal positionné
sur le poignet 12 du cas ou le pulsometre 10 est non
porté, par exemple lorsqu’il est posé sur une table.
[0053] Avantageusement, l‘étape de calcul de l’indice
de fiabilité lF est suivie par une étape de detection d’un
mauvais positionnement du boitier 14 sur le poignet 12
Du d’un état non porté du pulsometre 10 au cours de
laquelle, en fonction de la valeur de l’indice de fiabilité
IF, lecircuitélectronique 20 signale au porteur le mauvais
positionnement, par exemple au moyen du dispositifd’af-
fichage 22, ou le circuit électronique 20 interrompt l‘affi-
chage du pouls dans le cas d‘une detection d’un état non
porté.

Revendications

1. Pulsometre (1 0) portable au poignet(12)comportant
un boitier (14) qui contient un dispositif électronique
de mesure optique (18) du pouls du porteur du pul-
sometre (10) et un circuit électronique (20) pour le
traitement des mesures en we de calculer le pouls
(P), un bracelet (16) de serrage qui maintient le fond
(24) du boitier (14) plaqué contre le poignet (12),
dans lequel le dispositif électronique de mesure op-
tique (18) comporte au moins une source lumineuse
(E1, E2, E3) et plusieurs récepteurs (R1, R2, R3) de
lumiere qui sont agencés dans le fond (24) du boitier
(14) et qui sont orientés vers le poignet (12).
caractérisé en ce que Ie dispositif électronique de
mesure optique (18) comporte au moins deux sour—
ces lumineuses (E1, E2, E3) et au moins deux ré—
cepteurs (R1, R2, R3), en ce que les sources lumi—
neuses (E1, E2, E3) et les récepteurs (R1, R2, R3)
sont agencés sous la forme d’une matrice compor-
tant deux lignes (L1, L2), orientées chacune suivant
une direction orthogonale a la direction (D1) du poi-
gnet (12), et au moins deux colonnes (C1, C2, C3),
orientées parallelementaladirection (D1)du poignet
(12), en ce que chaque ligne (L1, L2) de la matrice
contient alternativement une source lumineuse (E1 ,
E2, E3) et un récepteur (R1, R2, R3), et chaque co-
lonne (C1, C2, C3) de la matrice contient alternati-
vement une source lumineuse (E1, E2, E3) et un
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récepteur (R1, R2, R3).

Pulsometre (10) selon Ia revendication précédente,
caractérisé en ce que la distance entre chaque
source lumineuse (E1, E2, E3) et Ie récepteur (R1,
R2, R3) adjacent dans une Iigne (L1, L2) de la ma—
trice est sensiblement égale a la distance entre cha—
que source lumineuse (E1, E2, E3) et Ie récepteur
(R1, R2, R3) adjacent dans une colonne (C1, C2,
03) de la matrice.

Pulsometre (10) selon Ia revendication 1 ou 2, ca-
ractérisé en ce que la matrice comporte trois co—
lonnes (C1, C2, C3), et en ce que la premiere Iigne
(L1) contient une source lumineuse (E2) entourée
par deux récepteurs (R1, R3), et la seconde Iigne
(L2) contient un récepteur (R2) entouré par deux
sources Iumineuses (E1, E3).

Pulsometre (10) selon I’une quelconque des reven—
dications précédentes, caractérisé en ce que cha—
que source lumineuse (E1, E2, E3) est constituée
parune diode qui émetde Ia lumiere dans ledomaine
de l’infrarouge, et chaque récepteur (R1 , R2, R3) est
constitué par une photodiode.

Pulsometre (10) selon I’une quelconque des reven-
dications précédente, caractérisé en ce que Ie cir—
cuit électronique (20) comprend une unite de calcul
du pouls (28) qui calcule une valeur de pouls (P1,
P2, P3) correspondant respectivement a chaque si—
gnal de reception (SR1, SR2, SR3) produit par un
récepteur (R1, R2, R3), etune unité de selection (30)
qui détermine unevaleurde poulsoptimale (PO) par-
mi les valeurs de pouls (P1, P2, P3) obtenues par
I’unité de calcul du pouls (28).

Pulsometre (10) selon I’une quelconque des reven—
dications1 a 4, caractérisé en ceque Ie circuit élec—
tronique (20) comprend une unité de calcul (26) d‘un
signal virtuel (SV) correspondant a une addition des
signaux de reception (SR1, SR2, SR3) produits par
chacun des récepteurs (R1, R2, R3), une unité de
calcul du pouls (28) qui calcule une valeur de pouls
(P1, P2, P3, PV) correspondant respectivement a
chaque signal de reception (SR1 , SR2, SR3) produit
par un récepteur (R1, R2, R3) et au signal virtuel
(SV), et une unité de sélection (30) qui determine
une valeur de pouls optimale (PO) parmi les valeurs
de pouls (P1, P2, P3, PV) obtenues par l’unité de
calcul du pouls (28).

Pulsometre (10) selon Ia revendication 5 ou 6, ca-
ractérisé en ce que Ie circuit électronique (20) com—
prend une unité de calcul (32) d’un indice de fiabilité
(IF) des mesures qui est fonction des valeurs de
pouls (P1 , P2, P3, PV) obtenues par I’unité de calcul
du pouls (28).
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8.

10.

11.

Procédé de commande d’un pulsometre (10) selon
I’une quelconque des revendications précédentes,
comportant une étape de mesure au cours de la—
quelle chaque source lumineuse (E1, E2, E3) émet
un faisceau lumineux (FL) etchaque récepteur (R1,
R2, R3) produit un signal de réception (SR1, SR2,
SR3) en fonction de la lumiere recue, et une étape
de calcul du pouls au cours de laquelle une valeur
de pouls (P1, P2, P3) est calculée a partir du signal
de réception (SR1, SR2, SR3) produit par chaque
récepteur (R1, R2, R3) au cours de I’étape de me—
sure, caractérisé en ce que I’étape de calcul du
pouls (P1, P2, P3) est suivie par une étape de se—
lection au cours de laquelle une valeur de pouls op—
timale (PO) est sélectionnée parmi les valeurs de
pouls (P1, P2, P3) obtenues a l’étape de calcul du
pouls.

Procédé de commande d’un pulsometre (10) selon
I’une quelconque des revendications 1 a 7, compor—
tant une étape de mesure au cours de laquelle cha—
que source lumineuse (E1 , E2, E3) émetun faisceau
lumineux (FL) etchaque récepteur (R1, R2, R3) pro-
duitun signal de reception (SR1 , SR2, SR3) en fonc-
tion de la lumiere recue, et une étape de calcul du
pouls au cours de laquelle une valeur de pouls (P1,
P2, P3) est calculée a partir du signal de reception
(SR1, SR2, SR3) produit parchaque récepteur (R1,
R2, R3) au cours de I’étape de mesure, caractérisé
en ce qu’une étape de calcul d’un signal virtuel (SV)
correspondant a une addition des signaux de récep—
tion (SR1, SR2, SR3) produits par chacun des ré-
cepteurs (R1, R2, R3) est intercalée entre I’étape de
mesure et I‘étape de calcul du pouls, en ce qu’une
valeur de pouls (PV) est calculée a partir du signal
virtuel (SV) au cours de I’etape de calcul du pouls,
et en ce que, au cours de I’étape de sélection, Ia
valeurde poulsoptimale (PO) estsélectionnée parmi
les valeurs de pouls (P1, P2, P3, PV) obtenues a
l’étape de calcul du pouls.

Procédé de commande selon Ia revendication 8 ou

9, caractérisé en ce que I’étape de calcul du pouls
est suivie par une étape de calcul d‘un indice de fia—
bilité (IF) des mesures au cours de laquelle une com—
paraison est effectuée entre les valeurs de pouls (P1 ,
P2, P3, PV) obtenues a I‘étape de calcul du pouls.

Procédé de commande selon Ia revendication pre-
cédente, caractérisé en ce que I’étape de calcul de
l’indice de fiabilité (IF) des mesures est suivie par
une étape de detection de I‘état de positionnement
du boitier (14) au cours de laquelle, en fonction de
la valeur de I’indice de fiabilité (IF), est déterminé si
Ie pulsometre (10) est porté ou si Ie boitier (14) est
mal positionné sur le poignet (12).
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§Es§m§°§§ ”‘gmmmm
mea‘mfi E332 5W3 am: Smgifi 

Natice

This tramiatirm is .mz'fl’il'fi1)§3qu?¥€§‘2¥£{¥€3. it cammt he glmmmeed that it is in‘tefligihle, gamma

mmpiete. :‘eiiaiifia (:rr‘ fit. for spefific purposes. Cz‘ifiml decisiuns, Eitii‘h as {:Qn'mierciafly :‘elm‘anf or

finax‘mial decisimrs, shuuki Imt be basmj (m machinw{tailgating 01%pr

CLAIMS JPHE 1235320

1.

A Eight emfiting means far irradiating light in a deteciim‘x part 91" the living bed}; a bidmgicai

infm‘matim detecting means far receiving a refiemed light fmm the Eiving bad}; ralated tr.) the

Eight irradiamd by the light esmittimg means ami genm‘airing a hitdflgica} ii’mfm‘z‘xmtim} signal
 

{:i‘wregprm(15mg to flu? autumn: (If received light; A circuit that amplifies in"

,infmmatimz sigma} gtsenerated by the hiolagical information fietection magma, the light. emitting

magma the {aimlugicai ii’lfmimati-on {iatectzim‘x .rmanafl and a 551:};me that suppurig the circuit; and

V‘ “n‘weris the 'f'm'ilflgitm}

the sugpmt that 1:5; CD‘m‘mCtEfl m the suppm‘t A fixing humans far fixing 1’0 :41 living bedy, ané is

ekmtricaiiy connecmd m at hast one of the fight emittiug means, the bioiagical infm‘majtion

(‘Em'flgtifrg means, and {he (intuit, am}. is i‘m'wabEy suppmmci by the suppm'sl‘ $13 as to {am the living

bawdy. A gra‘mmiing mrmimi; and a biasing means far (tansta‘nfiy biasing the gmunémg te‘rmi'rm}

mwam the living handy when the support is» fixed in the iiving body hy the fixing meam The

bitfiogiczfl informati‘mz nwat‘s‘urifig r} ewififz‘. far.

2.

The stgxpm't' has a convex punk)“ farmed on a. surface dimmm to the iziving body when fiXEd m

'i’iué {Wing bady. and; the {to-max para-0n protects the light emitting mamas am}. the hitfiogi‘cai

informatics?) detecting “means, and A tg‘ansiwzmt bad}; that secures the garagress of Light frmn the

Eight whining; unit through the fixing bad}; m fin? bien‘miric infbrnmi‘ien detecting unit and the

grounding fgrn'finai are atiiaithéd, and the Wmmiuceflt bud}? and {he gmundimg terminal am more

than the convex garden. The b‘iaimgiata} iflfemuatinn measm‘iflg device awarding m claim ,1,

wheram {he biaiogiaai ii‘ifztnimafi-tfi‘i I'zieasi_xjri_;‘3g amine i3 prstfimiimi inward the ii‘ving busiy.

1142~201§ ‘1
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3.

A Eight emitter that. Emits 133333: R) a dbtbbtiem Sim 0f .21 Eiving bmiy: 2} Eight receiver that receives

reflecmti fight frm the iivingg body according {D light emitted by 3319 Eight emitibr and geimrates a

i’)iu§ugita:} i11fi'3I’mai‘inn Sigflai (:m'respmufi{1g as {he arm'mm (if rteeiteiX-‘Qd Sight; and the Eight

receiving means. A circuit that ampiifiaés 0r cmwez‘ts the biaiiegicai informatibn Signai gems: dated

by the device. a ligh‘t-‘mniuisg bady, a iighI-mwiving body and v1 supper? that suppoms the

Circuit; A. wmgm'i bbdy that. is wrmm‘i t0 fix the Support m the Iixaii‘ng bbdy, and is Etiecti‘icaiiy

cmmecimi if.) at. has: one (if the. 1igm emitter. the Eight receimr. am 1118 Circuit... and is mavabie in

the Suppbr'i‘ A gmumfing terminal 551} ppm‘imi and. 0913mm {:3 fine fixing body. and a spring {hat

Cbnsmnfly biases (ha gmunéing fawning} wwm‘d the iiving body when. the mpgxm‘mfiag £39633" is

fixed to the living bedy by the wmmd bmfiy; Characmrimé b} comprising The biaiczgicai

i.{aforrrmti'an Izmasuriz’3g dwice Em.

{1}“

53335: support has a mmrex pm‘tibn farmefi on a surface directed in the iiving body when fixed if)

{be living body, and the: COflVflX purifier; pmi‘ects the light mnitter ami file Eigm .i‘€‘€_fei‘\"$£l_. and ma

fight emitter. A tramiucent 1201'}qu that Secures the: pmgressiun bf'figbt. ban: the I'iving bad}: m 331?:

fight receivmg: bbdy and the grb'tmding terminal am} the trausiucmt badge and {be gmunding

terminal are. [abated {m the fixing bttxiy side 0)? fiche (san’ve-x' gmrtibn. "i319. living {and}; infbrmam‘m
311$...

pmtrudefi mm this badge.

 
surfing device acu’mfirig in (113% m 3, wherein the ’i‘iving bud); infai‘mafiun n‘lezisurmg dbvim: is

,—
3.

The fi'ving bad}! side {and fan: bf the gmumfii‘g {ern'firm‘l anti the Eving bad); sick} and face. (if the

traasiucmt budy are pnsitimmd m1 gubstant‘iaily the same plane when presseri {award the fixing

body. ’i‘he. biblugicai informafibn measuring deviate. accm‘ding m slain: 2 0r 4.

{5.

A Eight emitting means fir?!" irradiating iighi to a dbmtfi‘inn {Jam m“ the living bx‘kdy. a i319§t§gica§

infurmatjbu detecting means for receiving a reflected fight fmm the living body Yakima m {Em

Eight irrafiiamd by the light. emitting 1:13am; am} generating, a bioibgicai informatibn sigma!

correspomfiing to the amoum Gf raceiveti light; A circuit that amplifies or converts the biological

inibrmafion aignz-fl gbfierza‘tbfl by ”the. bibibgim] in‘fbrmatibn deiectinfl means, {ha Eight amii‘i‘ing

(11:22am, {he bitiit'jgi'itai. infmmatirm detectim} 3116355118. and. a suppbfl‘ that suppm‘i‘g {rim Circuit; and

the supper: that. is cmmected to the supgwrt. A gmundfing .z'msans that is electrically connected :0

at ieagt (me of the. fixing {mans} far fixmg 1'0 “1.33: {imam}; bbfiy. the. light regaining meams, the

biuiugiflfl infm‘rinafiml t’iemrfing means. and {he ain’guit, and is ssuppbrmd by the Suppat‘t am}

agapcsed in the living body. A t-erminai is attacheé in the suppmt to praise: rhea Eight amitting

”42‘3319 2
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memm 311$ {he bfimiagictai ig'xfa{fixation detecting means. and the Eight. '{g‘aveis ficm; the fight.

emitting means thvmgh {he living bady if} the bia'iagical iiifermatiun {ietecfing means. The

grmmfiring termimi and the tx‘ansluceni had}; pmject toward the living body side than this

Suppfiri bfldy, the living {may faith: and surfam (if {he grmmding tennirmt and {he transiucfiam

body The. living body side and £303 is; heated on substantiafiy the. same glam, this groundmg

{9.5113323} has a ion-p shape. and i3 digpwsed 30. as In Surroul'gd the transiumm' body. Measuring
davice.

'7.

A light. emitter that emits Eight It} a detectiim site Ufa Ewing hméy; a light mmiver that receives;

mileage! Eight. from the living baa-fly awarding {0 light emitted by the Eight. mniuer and generates a

bioiogicai infermatian sigma} wrwspandmg to time ameunt of received light; find the Eight

rmteiving mQanS A circuit that ampfifies m mnwartis the biningim’i infnrmatim‘x signal grsnerawd'

by the dogma; a iigiuremitting hady. a hgfiht-§‘t?;et:@i&-’ir1g body anti a supper: that mppm‘ts the

Circuit; A weuné had}; that is WOUHd to fix the 339mm to the {Wing handy, and is eiemrimfiy

Ltcmrueuztmd {.0 at. Magi: {311%. of the Eigm {airliiimy {hes Eight YECEWEK'; arid. {hi}: {fiffljiL and. i3 suppmmfi

by {ha supper!“ A gx‘t‘mxwfiilg mrminal appmied to {his {Wing burly and. iighi attached is {he

flipper: m pmtect the fight mziiiing means anci 11w.bia‘iagicai.infem‘xatim} detecting 1139.22th and

{mm We fight. Emitting means through. five living bad}! to the hittflugica} .f;1§brmarim}. detecting

:‘x'naessn'xs Pr‘ugress Wm gmundiug ‘iex‘mirmi and. {he {rams} 21mm bawdy pmtrufie from ”the. slippin‘t

heady toward {11% living hmdy Sififi, the living body 3169 em? surface; 0f {11:22 grounding terminai, am

the Ilianshxcem body Tm: Ewing E‘mdy Shier and surfmze {if the living beefy is fixated {m

31.2b5tamiaiiy 23152331115: flame, the gmunding terminal bag 3196;}; shape, and is {iispasad 56: as m

surround the. iransiucent may. Measuring device...
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§Es§m§°§§ {mg-mm
mer'eifi E332 5W3 am: {*{Qsfiagifi 

Natice

This tramiath‘m is .{nmtlfineugeneramt}. it canmt he glmmmeed that it is in‘tefligihle, amumta

mmpiete. :‘eiiaiifia {11“ fit. for speaific purposes. Cz‘ifiml decisiuns, Eitii‘h as {:Qn'mierciafly {‘elavanf or

financial de.c.ti$im1~s, shuuki Imt be {maxed {m machinw{tailgating 01%pr

DESCRIPTION JPHLL 1235328

[3001}

BACKGIRCFL?.ND {3}? THE INVEN’I‘EON ‘i. Fiafld Qf the Invefitiun The premix); mvemim‘i {mates {6 a

bieiugica} informatim measuring apgmraiua mpabie cf apticafly measuring biuicgicai

infarmatkm such {15.31 pulse 12m:

{3002:}

2. Desx’fip‘fifm {3? the 'Reiifled Ar“: in i‘jf‘dfll‘ tr} {‘fi'f'ia'in i'nft'jr'matirm such as {th {1 puke rate. of a living

bawdy, the fight fmm this iiiiamiriam is irradiated an the living 133:3}; ami the rammed Eight {mm

'i’he living bad); is; {waived by a plmimansm. thereby {tharlgil’zg {he I‘efimsmd light {tm‘resprmding

it) {he puke. Hemmu‘emm'it I‘echrmbgy has: ah‘eafiiy been implananied hi. Such a ::%¢:€hn§q{m, a fight

emitiezt, a phwmsmsezt. or a cimuit than: commits and ampiifiefi an electric signai outpui fmm 11w

phuwsefigm is grmn‘fled. This gmunding can be perfm‘i‘ned by bringing a gmunding terminal

311m {st-intact with {he Ewing bady.

EGQQ3§

It is desirable that Elm floating capacitance betweefi thew portion in be gmunded and {he Eiving

mey is: 39w and s‘iabie, Htmrever, in. {he })a.sstsi.{1{.:e it. was difficuh‘. in aiWays bring the grmmé

iermim’a} mm {33039 mama: with the Iiving {way during the llieasurarlmnL the flaming {sapacitanx’se

ammétimas increasad Qt‘ fluctuamd, £11 'garticu‘iaz‘, when {Measurement is perfm‘med an a site

11-12.,331g ii
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wi‘mre muscle is dweiaped, there is. a l‘zigh {mssibiiiijy than the g1‘t’n.:1‘s.d termimi. and the iiving

b01713)? are Semmted whefi the living bed}; is exercising, in parficular, when the”: fluctuation of £1113

reflected fight fmm the iivingg body is smalfii due to a thick 3km iayer, the ievei of film output sigma}

result, the maaauren'aem accuracy was Emwered.

EOGGQ

In under in aiways' keep the grmmding tarminai in classes mama with the living bufiy, it is gmssibka

"in take a measure by prsssaing me devica attached {.0 ii with a band 131‘ the. iikfl with. a stmflg

imiding fmce against the 11?ng hwy. but in. that cam, the band inevitabiy presses the Iiiving body.

i‘tbecmneis difficult it) use {m a 30m; {ime becauw tha stmngth bemmeas Sfl‘fifig and the 'iiving

brandy feeis a 331;}?! pméSsuN: feefing over a wide range. in particuim‘; when the n‘leasuremem is

perfmmed on a pm‘tian having a {at (:1? umevmnmss an the skin surface. ix: must he pin-35593 with a

f.‘.0£}$id§3£‘flh}€ fifti‘Cé.

{0085}

The present inventifin has 17133:! made in. View {3f frhe abuve draiumstm‘mtes, and an Uhjiact {ihfireaf

is m {armide a bialmgicai infamzatimn measuring agparatus capable 0f impmving measuremam

maniac}; whiie mirfimilfiing a feeii'ng Uf {Nessum EXRPKEKE m a. living 130(33):.

{(7)086}

in mam m 501% {hr-2 31mm pmbirtms. 21 Swing bud}; .i‘tifm’matima measm‘ing apparatus acmrding

in the present. invention commisefi a light mnitting means ‘fm‘ irradiating Eight in a demctim; site

(1f 3 iifing 60.163: ané the Living 336:3}? Vr'eifliing {i3 light emitmfi by the Eight e-mitfi'fig {magma A Ewing

befiy inffiri‘nafim‘i (jamming means far receiving a raflected Eight fmm the living bady ems}

generating a iiiving bad}? informatim gignai correspomiing ”m the ammmt of received Eight, a

Cimuiit far ampfifig‘ing m" mtwenting the fiving bask}: infiwmatit‘m Signal geammted L7}; the ii’ving

body infernm’tim} detecting zi‘laans, ihe light emitting means, Eimlagim} il‘ifm‘l‘i’latim} dateminn

means. 311$ a {support brad}; for mpporiing ihe <.‘.i‘1‘cuit;§?ixing means wrmexsted to the support

tsady for fixing the support body to the {Wing may: At least (me SE the light en‘littix‘g 11193115, this

biciogicai’ inibrmaiien detacii-Gn maans, and the {fix‘guit And Kim gmundifig termifiai {hat £5

mmfzihiy guppfjrted by“ the suppm‘t am}. is appefied {Q the living flatly. and, the fixing mama fixes

the mxppart ta the living body. Qacasimmiiy, {:I‘xaracterizwd in that it camprisas a biasing means

{91‘ (toz'isfafifiy urgmi inward the gz‘mmd mmfina}, m the. living b:j3tiy,

1142~201§ 2
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{mm

In another aspect, the hirflwgical infin‘matfian measuring apparatus awarding m the prasem

itwemien remix-vs a light emitting bad); that irradiates fight an a fiemciion partian of a living

bud}? anti reflemed fight {mm the. fitting hut’iy whiten} {:3 {ha iighi‘. emittséd by {hi} fight: emitting

body. A fight receiving budy that generates a bia’écgicai infarmatim Signal accm‘ciing m the

azmnm'i’ of received light, a Circuit {hm amplifies 0r wn‘verm the hicflugical hifmmai‘iim signai

generated by thy: fight recaiving meams the light mafittfing hwy the fight remarking may. and a

Suppm‘i' that mpporfis {he Circuit; At ieast {me of a wnund bfidy crumpled to the summit and

wmn‘xi amund, 83E: living bud}; in the \Iictiniiy 0f the. detection site {‘0 fix {he suppmi m the iiving

heady, the light emitter; the Sigh: “waiver, and the circuit. And the grounding terminai that is;

mummy supperted by the Suppmfi. am? is appused to the Eiving bad}: and the support 13 fixgfi in

{km living {may by the wound bags The gmunéing terminai Characterized in that it {temprises a

spring which mnstantiy urgefi taward the body.

{00mg

awarding m the abiWE‘. cmnfiguration, when the suppert is fixed if) the fixing bad}: the grounding

tertléina}. snspgjxx‘tad Si.) as {'0 be mmabée is. aim-3:315 biaseqi towarzi the .Eivi 31g hufiy by {1115: ijfigming

{I'iiifflns or The Spl‘ii‘lg‘

If: other wcrfls, since the ,nercessary part. is always; gmtmdad‘ the influence :3? the stray

capacitance is aiways minimizmi.

Aacmflingly, the, measurement accurany i3 imps‘mvefl as mmparefl with {the (tmtxwen‘iicmai 0.3133.

The gmunding is. ensured by the Waging means; at“ spring suppm‘ted by the suppafi, 51:1 that the

mnga of pmsfium an the {Wing $30613" is flari‘ijw {the feeii‘ng Bf preswre fiéh‘ by the iivjng {353:3}? is

minimized,‘ and the {Wing bud}; {tam withsmnd hmg»ierm measummenm h is gmsssibie.

EGGGSQ

The 511 .1 mfl; has a Ctjmvex mfljm} firmed. an a. $1.;1‘f‘am directgd {'0 the: {Twin {RKEV when fiXed mE E I 7. a

{be living budy, am! the! curwex pm‘ti-on pmtecis the: light gmfittifig Kmarls afid the biologicai.

infbrmatim defeating means} and A tz‘amfimmnt had}? that ensures: {ha {grogress mi" light 5mm the

1142~2€31§ 3
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fight. eafitting unit thmugh $3119: living hwy t0 the ifinx‘netriiz infm‘matim; .t'lmaecting 11:11:: and 1.319

grimmi‘zing term-53a} are atiathed. and the M‘ansflucaéam. bady and $219 gmunding terminal are: more:

than the mmex partial}. Yen may mam it praimdte on the said bielsgica‘i bad); sidés. Awarding in

this, {he grmmfiing {germinal pmmm‘ifls m the living {lady side fmm the. (2011‘sz pt’n’iirm Qf the

suppmriz Therefore, the adhwifln hem-flan the gmund terminai and this. Ewing boéy is impmwdfi

and {ma mammalian: accuracy is furfl‘zer improved. En addition, since 'ihe 'fJ‘MLIshment bad}:

prmgrudes mare Inward the living body than the mum): partimx 0f the guppfirt hmdy, the. acihesmn

hem-@1111 {he fi‘al‘lslucem bed}! and the {wing bani}; Can be impnwed, and the influence of enema}

Eight m1 the bi'mnetric in’fm‘matim‘a detecting means Lian he {winged

E01326}

Purim}: the. biaiogica} infm‘matima measuring apparatus accmfling t0 the premm 1231391112195“;

includes; a Eight Emitting unit that irradiatas fight in a fletecimn sin? 0f 3 iivifig bawdy, mad 3 liviflg

handy “that receives rafleated fight. from the. IEix-‘iug had}: related. to the Eight .irradiateci by ”the fight

emitting unfit and tha; cerrespmtfis :0 11193113011311“. 0f fight mitflived. Bifilugiaa} inffirmatinn

dEEETECfiQH 21.19.3112: for gflnerafing an i31fifjfii‘fiizfl'if.)flSigflflk, a. circuit for amplifying m" £.r1t:m'ez‘1‘.ing the:

hieiqgicaé infm‘mafiml Signal generated by the bifilflgfcal it'sfm’matim} detectim 111821113, the Eight

emitting maans, {he hioiagicai infarmation detectim mews. and a suppmi fiat suppa‘rtiiizg the

Circuit, The fixing 1119211115; mangled m 1.31% sugpmt body and. fliech‘icafiy mnnegtmd to at. Keats! (me :1!"

a. fixing n'mans far fixi mg the suppurt hm’iy in the fiving i’mdjyg the fight emitfing‘ {11135115, fhe

’biwiagica§ infmrmation demctimn means. and this. circuit.» A. grumnfiing Carmina} supgm‘ted anti

upgmsesd m the iiving hudy, and $3.31de {:0 the 31.:ppm‘t.ing bz‘niy m pi‘t’fiflfli {has light HH’liti‘ing

means» am rim bioiogiml imfmmaticm {lemming 1139:3113, and from the Eight Emitting means m 1331;:

Exiting hudy‘. A {ramshacent body that answers the prmgregs of Eight weighing the bimagica}

infm’mai‘ism daimfling means, and this grsmrlding termimfi and {bias {i‘a‘n‘ls‘i'ut'rm'lt had 31* moimfie

inward the Ming body fmm the suppm‘t, am} the grommding termimaifi Tim living body .sirie. em?

fame and the» fixing bad}? side and face of the i‘:‘ans§u.cemt bed}; are heated on suhstamiafiy the

saints! wane, and? the gmurzding imminai has 3 Emma shape 31': as; {a aurmund. {he {ramiumm body,

It. may he: Charactmized hy- hurting arranged.

EGG 1 1 §

£211:r‘l‘ifimn‘ac)thev in another aspect, the biaiugfica} i‘ni‘m‘mai‘im} sneasm‘ing apparatus amnrdimg to the

present inwntien receives a light mnitting him}! that irratifates light on a detecti-an site 0? the

living; band}? and reflected Eight frer {he Eiving bedy that its rgfiated m {ha Eight rammed by the light

fimi‘fiing bmiy. A figm‘. receiving hady that genmai‘es a bimiagicaf i{ifmr’rtatima Sigma} ancerding m

the ammmt, a Circuit that ampiififim or CGYWE.1"€S the. hidogical infarmatiun $ignaii geneiratad by the.

thi ratsgiving 11713333! the light emitting hudjf, the fight. rmeiving {30(333, mm} 131.19pm't'that

Suppm‘m {he {tircuitg M 193.31 mm of a Wound budy caupied {U a, $1.:g:;;f}{;:r£ had}? and. waund amund

rim living imiiy m t‘me vicinity at“ the datactinn SHE, and fixing {ha gamma. bedy {:3 the living may,

iiv’iZ-XJEQQ 4
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me Ii’ghi emitter, fheslighi‘33331331”, and, the cércuj‘i‘13u'1d a grmzmjing {terminai stxppm‘i’ed by the

summit and mppnsed if: £233: living hwy and 3333321133? {E} the 313ppa‘11 if) gamma the Eight: emitting

means am} the biological informatim d3t3c2iimn means. The fight 3111353311 A iransiumnt body

that ensures the pmgress of light. fmm the stages {Waugh the living had); {I} {has bim’t’ueeiiris;

‘inftarmation deflating means. and 3313 g‘mtméing terminal and {biz translucent 3333213303333

'i’rawam the living had}: from {he suppmt, The living body side and surface nf'ihe gxmmdimg

terminal and the: iiiving brad}: side and. 3131:9353 Qf the. 1373113113063: bud}; are imitated. an Substantiaily

the 331113 @3313, and. the gmm‘iding mammal has a Eeop shape. it. is arranged 30 35 to surrmmd £1313-

bmiy;

{am 3:

As {13833in abmiei the {and face of rim grounding temfima! am} {3‘13 and: face. cf the. {mashicent

body are pnsitionad (m substamiaiiy this same piane, and, the grmmding remixing-:1 is arrat'lged

3301.33.31 the {32131532133113 13361}; in. 33133335113333, 5m $131. {the and face 5333.113 grijnmiiing {Kerminal am}

”(£13 31311331133112;badyflm pmssmm appiiszed 13:) {he 'Eiving bad}; by the and surface (31‘ the bad}; i3"

made. tmfimrm.

Timrefore, compared with :33 (233-3 Wham pressure cancemrates, {E13 feeling of 93335333 an the

3.113ng {may am: he rm.iu(:3d.

13115113133; 33:3:st the gmm‘id'ing {arming} has a Map shagm, fut" fixampiae, 35%;] if them it? 3 {1331133912

mm'mnem between the living body and the 31113;er the. gmuncfiug tanning; and the living bedy

are nut. separated. in mher wards, 3im.:e the necessary3331135 3iw333 grmmded, {he i1‘1fluem:e of

the stray Capacitance is always; minimizeci. Accm‘tiingiy‘, {he measuremem aeeumzy is; érripmwzéd

a3 amnpared with that: cmwamirmai 3.333 Further, since ihe hep-shaped gmumfing terminal

Surmumis fire figm transmitting body the influence Bf amen: 31 fight :31 the measurement can he

{3333351326.

{(3131 3}

BESCRIPTEON OF THE PREFERREE EMBQBIMEE‘JTS Vazn‘imts Ean'ibcdimsnts {If the present

inventing WEB. be {ieagtwrihed bahw with rfli’mremké in me drawings. 1. . Flil‘fi‘f.‘ Emtntydirnmfi. {1}

Sghematic Struci‘m‘a As anemia in EKG. i and WC. 3, 15133 hiukggicai infflmmtian 11398811?"ng diwiite

accmding :13 {£33 ambadiment a!" the priesent imiemiion i3 3 wristwatch {3;in and a housing {with

iin’iZ'xEG’iQ 5
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vai'mufi flied'x‘ic. gains at“ Eiecn‘aflit parts buiit in [ {Supptm $396355} 19 and a. wrigiibawj (fixing

meanfi wnund hudy} 236 which is connectad if) the hanging H} and mmnd amuné a human arm

ta fix the massing .10 to the arm

{60: 4g

The wrimbm‘fl £30 in {hiss embeflimmxt hats two band pieceg 31 311d 32, One end (:f the band piece

21 is mnmected m the .iowar and Gf rm: E‘sm.i.sing .10. ”Hm Emma? and affix-1.. hand pifice 22 is;

mnmcied t0 the ma»: end of this 11:31:5ng 10.? A maihod sf canngmimg this hand pieces 21 and

22. m the; housfing 10. £3 a known nm‘ihod using a spring bar 25 {See Fifi 3}. A5 a i’naterial of the

band pizszCCss 2} amd 22‘ a materiai that {3863 next transmit light is afiected in ardfisr to suppress a

meat‘auremmfi army of a pu’isa wave 591158?th dE‘Sfl‘ibfid later.

[Ga 1: 5§

As 51193311 m PEG. 3., a Mafia 36 and a magma 2’? are attached to the and! 0?? 11m band. piece 22 3311*

from} the hCmsifig 133.11 a known Mammy". 0n, the what" hand. a pim‘aii-ty Sf Swain fuller; 38 are

farmed in the band piece 22 at équai imewais aiiang the 'lmxgimdina} directimm The 'banci giece

22. i5 ix’isermd into the; buckle: 28, and {he 'Imgue 2? is {jzismé iiu‘uugh (me of the 51mm. 11316.3 28,

whereby fin: hiaflagicai infm‘mafitm measuring viewing is fimd {:0 the Iimmam arm, and the flak

surfam of the housing ”it! is in 920522 contact: with the back of the wrist. fixer}, by seleming tin?

55111313 Emile 38 through which fixe {.011qu 27 is pas-amt {Fm piliriphem‘l harlgi‘h 6f {hf}. define:- is

acijusmti.

EGG 1. 8}

FEG. 3 si‘mws 3 arms; sectiun nfihe housing 10. 151-3 si’xmxin in the figure, the hanging if) has an

outer case I 1 (imposed on the fmm skits and a; back wafer 12 dispmsed on {he bflifk side/13m

outer $339 $1 and the back cover 12 are fixed in combinatian with each other to farm a wane fer

accammnda't‘ing variants eiCC'tr‘iC. parts; or eimttrunic pants. A3 a material for the. Outer C336! 1 i and

the back awe? 12, a. material mm {39-85; not transmit light“ is. selecmd.

{(38} fl

1142~201§ 6

786



787

A puisewaw 3mg)? unit 1-00.13 supp-arm {m the Musing .10. Tim guise wave same? unit 100 is

a refimztive apticak sensm. and inciudes a circuii: board :91. disposed cm the back cover 12 and

an LED (Light Emiifing Unit} mmmtfid UH the. back Surface 0? the. Circuit {maid 18$. {Emitfing

made} 1GB and a photodiade 103 {see FIG. 4) which is a photoreceptor {hiaiogicai infmmatim

detection mama}. “file light emitted. from the LED 102 {raven dmmwam in the. figure and

in‘adimeg the wearer‘s wrigt, Irmdiatirm iighi is ahsarbed by wrist tissues, bland vesgeis. and the.

HRH, and the irradiatiun Iighi that has e3caped abfim‘pfian is I‘eflfiflitfid. The reflected fight is

mateived by {he phumdiadfl 383, and the. phmodinde 1&3 giinm‘aites an eiech‘it Signal

cwmmgaonding to the intensity 0.? {ht-gs rizgeaeived fight.

E01318Bar/11¢

A through hale is farmed if: the centsar 0f the back mver 12., and a ti‘angparem giass E04 is fimd

so as. m {:m‘iér the thre‘mgh E1015. Thfl‘3.)1‘31‘15g321ffeflt giaSS 182:1 albumEight.trans{11.133391}for the. £33,!)

H32 and the phamdiadfis 3 Q3 and at the game time: protects 3mm.

EGG} 9%

Aitimugh mt Shawn in FIG. 3.5.110? amgflifier 3638 and resistm‘s 18% (mi? Efflb (see £3113. 3L

which WEEK be dascribed later; are mummified m“: the cimuii buard 10.1.. These {fiemflc {tmnpt‘menm

amplify anti mitput {he {mtpm sigma! 3f the phmodiodfi H33. ii is suppn'sad {a be came‘ei‘ied.

{002%

A main {weird i if} it: dispesed in the internal. space a? the. imamng 10..

The. main bamfi 110 is: priwided with a {jam pi‘mtesssing {th‘cuit 1'11 including an IE {LGH‘EPORERK

such as a CPU (Emma? Pmcséssing Unii'} described Eater. {3n the back side mfihe main board 3 ii},

a hatter}: 112 Serving as a power source cf tha bielogicai information Imasuring .apgaratug i$

diaspcsmi, The battery 112. £23 wunected to a circuit 011 the main board 1. 10. Furthm. a liquid

cryst‘éfl dispiay device;- 1}. 3 is. dispnsefi. rm the fmi'it. Side (fi‘ {111?} main subgfia {ie 1 1 {1 Un {he fmm

sick} Bf the iiquid crystai dismay {ievice 1 13, a transparerslt giass ‘i .14 {hat afloxm the quuit‘i crystal

(.iiapiay (levifce .1. .13 m be vigibie and pmuguzi‘fi the {itguifd (:ryistai aiispifiy (Revise: H3 is (fisyoami.

The tra‘mgparemt giafis .1 14 iii: suppurted by the CHIEF case 1} {3f {has hmming if). The liquid. (tryaial

(33313333.! dm’ice 1 i3 ‘digpiayg the puke rate {bimiogimfi infmmatin'n} that is the irleasuremem H3511}:

11‘12‘2313 7'“
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9i" the ptdsg wavaz gang-(31‘ unit. 10:").

EQOEH

In this muhminmnt. the Qircui: provided 011mg: main. {ward HE} has a fum‘iim: 01“ 0011131ng time

and date as in a normal} digitai duck. fixe liquid crystal dispiay dwiee 113 can {iifipiay time and

(him in additigm m 3315 abm‘a puifie raise. in the Squid crysta} diSpiay device 1 13 Shawn in FIG, 1,

5‘ 3 (3:68” represents time, 31%? “1.37" mpresmts pulse. rate. As shin-m in HQ. 1.. the mutter came

11 mi" the hsusing 10 is pmfided with batten switches Hi“) am? 137 Far gmrfbrming fime

a:§§113tn‘mntdisplay mode smfitching, and the film.

{(30 2:3. 2}

The main bom‘d I 1. 0 and the puise- wave Seams” unit 1. (K) are cmmecmd it?) each other by {1

6013:156th {mt Shawn}, Tia-115.. pGWGT is. suppiied fmm the main Ewart? .1 18 m the pulse wave

59.11503" unit :1 {if}, and a puke wave sigma}. 5:5 supplied {mm the pulge. wave- 551150.? unit. 10C! 1:.) the:

ram 11 basin! 1 3.0.

{0023 WI”).

{2] Pulse IEQEGC-{ifln Fifi. 5 s‘imws details- :3f the puke wave sansm‘ unit i 00. Ass sit-lawn in the”:

figure, a. Vpcrsi‘iive voltage ,+ V is appiied m the anode of {he MED 102, and ifs cathude is grounded

via a :S‘efiifimr 301%} and a r‘mm‘iucfiflg wire 1.88% 3119. grs‘sunding its pezfiarmed hy bringing a

grmmfiing {minim} 14E} described later into mmtact with ihe wrist surfafia cf the gulfiaci. Siam

the resistor Effia acts ass a (warren: 1i miting :‘egismr, a fiesired current flaws thrmgh the LED 102.

EOQ24§

A pnsitive mitage + V i5 apyiied m the cathode of the plmtodiaég 103. and an anode. i5 cmmecteé

tamenegativeif31§3131"£.ezim:inai {If the {DP ampiifim‘ 186.1139. (mijpu‘f; sigma} (3f the {3P ampiifier MS

is fed back {a the negative: Emmi“ terminal Via the. Tasisim‘ 153%}... The ingm. impedanca a? the: {3P

ampiifier 1063 §s mummy high and the gain is 555 large.

11‘12«201§ 8
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{832%

Further, Hm pmitiva input farming} 0f 81% DP ampiifim‘ 3.63% is: grounded via a conducting wire

198i}, ’X‘hig grmmding is perfi‘amied by bringing a grounding terminal 141 {lasagiibed Eater irate

commit with the. wrist surface of this. suffiech Thusi Siflfle" the peak-five input. terminal of the OP

al‘nplifier 188. is grounded, {ha “gimme 0f the {mumfimde 193 is in‘mginm‘ily shafted m the gmund

"ii‘i'n=:refm‘e, the photmfiwda 30318 reversabiased, and. when fightisinticiem{1152113011, a current

mn‘espunding m the amcrunt Bf 11gb: flaws». This {turrmt is larger as {ha incident Eight is simmger.

The C}? ampfifier 108 and the :‘efiismr 3871:: mnwari the current fmm {he yhcfimfiode 183 mm a

mitage and am p’iify it; That is, the umput signaii Vm m“ the. {3P ampiifier 108 varies guitar-ding to

the. amount a? imtifiei‘xt fight.

{Gaza}

"The grincipie 0f the page wax-PE! sensm‘ unit. 1G!) wiii he; described with referenge i=0 FIG. In {ha

figure: T713 {hf}. epifiern‘fis Uf the flying bad}: in be detected, and {1 i123 cagfiilar‘ies and armrmifla A

’iiving tissue is farmeci beta-mm the {spidermis 1“ am? the biaod veaaei {3, And b‘iaod flows insidfi

me bkmd vegsesi (I. Part 05 file iigl‘xf. mniflefi frum the LED 362. 1'3 ahsmrbad by the birflugiml tissue

and hmnngluhm in the him-d, and {he athe‘ér part is t‘eflffiffi‘ifid by {ha him-ngcai Hague, and the

reflected light; is received by the phatodiode 1033113 phemdiade 1103 eutpum an elfisgtricai

Signs} au'x‘srding m the amnun‘i Hf received fight. '171‘133'af0rg the. {Miami Sigmii M the pE‘u'imdimir;

103 raflects ahsorptian by living tissue and abmrptim by hflmoginbin in blmd,

E082”? 1w”),

FEG. Y $3 a diagram skewing fluctuations in ahsarbamte when fight i3 externafly apgfied in a

human hicmai vessel whem '32 £3 a iighi‘ ahserpfimx (‘mi’apm’leni‘ due {'0 33.33129, 13 is a light

abmrptim cmnpcment due {0 venws Heath anti 14 is 51 Eight absm‘pticsn tampon-mt time £20

ataxia} bimd. The {issue abaorgxtien mn‘ipm‘xmzt i2 is Emma“: becauge the 533% conflmtratim‘:

times mat changié. Tim flight. abiizorpfien $931199an 13 fine. in VSQQUE biflfld is aim (ts;mz‘sifln.£; 311323 15;

becmxsa there is no pul‘gafimt in the vein and ma flmnge in a:cancent.ra2:im1,..

REESE

11-12«2€21§ a
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As shown in FR}. 8‘ She E31006 measure reiaiad t0 the. puisation (If E31006 pumyed out fram the

heart is; gmmmfiy higher and mare fluctuaiing as the Marx} wage} is {timer {in {mi}. heart, and

fiawer and mm fluctuating in the vein. Therefare. the output emirent of the photodiodfl 163 varies;

awarding m the puiaatim‘; of the artery. Therefwre, the Gui'pu‘i Sigma} "Um 0f the {3P ampiifiar 105

obtaimsd by ampiiéfymg E315: ampu: (“if the, gimtodfim‘ie 1-03 can be. regarfied as a pulse wave Sigma}.

{@029Vat/41d

Fifi, § is: a functiona} black diagram Bf fix? dam pz‘cxcesgix‘ig Circuit 11 1 (if {ha}. main board 1 10.

311$: penise- wave $395113} Vm gsfgnemted by the puke wave SEEI’RSDE‘ mm 106! is suppiied m the. pulse

wave sigma} mmr‘ermr EEG, and {he 1311139. wave. signai (tam'erter 128 mavens the puise wave

sigma}. \fm {mm an, aneflmg signal in a digita} 53ng {puisfifi mam (fiat-a ME}. The pulse wave {3am

ME) is tranSferreé ta 3 Smmge unii 1. 21. canfigumd by a 'PAM {Randum Mews Menmx‘y} m‘ the

iike, anti the: starage gait 131 stm‘as pulse: wave {£3121 MD for a yz‘edetez‘mined pe’riad.

[003m

The guise wave data M122} is: read fmm the. smrage unit :31 at: a constant tycia and the read pulse

wave {Lam MD is. itransffi'rrzéd [(3 fine: fi‘tzequm'}£:y anaiysfis mm 122‘ Tm: fi“§:t"§uem:y' afia‘iyfirig mm“

122 parfm‘ms frequency analysis an the pulsar: warm data. MD to generate pulse was analysig

data MEIR There are variants frethei’my angiysis methads. En this example, FF? {Fast Fender

'ifi‘ana’fcn‘ni} is uaed Sn {haul ariaiygsis {tan be pez‘fi‘wmed in a 3km? {zajieuktfit’m finm

{£383 1';

Next. {ha puiae» wavemmlysis data NIKE) is Supgiir-Bti m the pulse rate caicufiatiun unit 123‘ and the

puke rate mkuiatim unit 123 calfiuia‘ies the ptflfifi rate: HR based {m the guise wave anaiysis

data MM}. in this, cakuiafirm. {hi-.2 pulfié Tate wiculafirm unit .123 Specifies the peak {if {ihéi

spectrum inimsit}; (1f the puise wave mlaiysis data MK!) and calcafiateg ‘the frequency F11 based

(3:: {the}. {$11.19. ’oemxseeu {he pea.k& giants. if“? frfiqummy F33. is the fixfideliymnl'al fraxguemsy Ufi‘}’1&3jn;z§3&

wangs sigfiai Vim, the. puke rate calculamr 53 Calicukstes {th {MISS ram HR, whifsh is; tha number 0?

puisess par minute. using She fmliewing equatimm H R 2 5 0 E? h

11—13—233? 11"}
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EGQSEE

Wl‘mn {he 3 I” N {3'60 a? the, puise wave Sigflai VH1 13 Sufficimlfiy high. the puiseé Wax-“fl Signal Vm is

simply shaped ans} coxwm‘t‘ed mm a wczanguiar wave wiihout using Frequency anafisis. the.

permd of the matanguiar wave is Obtained, and the puke rate HR May be. dismayed.

{363'3

The puke. rate. HR caimfla'ied if} this way is dispiayed an the iiquici crystal diapiay dwice $3.

33115: 3311223901? the 511bject can 133. Rheum in this; Way.

£§83é'11th

{3) 3333313 0f Earth ’ii‘e1‘rflifiah Remi‘ning {:0 FEGS. 3 anti 4‘. (Emilia {if the Ear’ih terminafls ‘i 40 and

141 i703” groundjug six-awn if} HG. 5 mil be dascribac£ A comm: gm‘tisn 130 is farmed on the basis;

side: surface uf the {jack CUVEW 1'2. of the: hmmirxg 10. mm: it; the} Surface facing the. Wris‘i :31! Name

Qf the subjmt. Tim came}: pamnn 130 has; :a {mama-2r} {2mm shape. and. {hi}: surfasze an the: hack.

sick: is a flat surface .131. A pertion csm'evfipnmiing in this canvas: partial} 13% is t‘hic‘kéneai and a

imaging (Kuwawe partii‘m mm which the circuit Inward 1 G) is fitted} is fflfffiflfid {m the fmnt surface

{hereafi "fwn $113335- .132 hm‘mg a. drama? gross sectian (ripening tiéw’arsri flare. 1101mmg $30335 am

farmed in the. thick poriimx

{0035}

in adtfiiiim, {wm mmugh E10233 133 having a cirmlar arms section are fizmxed in the thick

par-titan. am} the» {Waugh @335 .133 are coaxi‘afiy Emailemefi w the! 1101-35 £33,1‘espf-3e2t,iveiy The

My purifier/13. 0f {ha grmzmi tm‘minais 148 and 141 are insm‘ted mm the. through hcflezz 133,

mspeGive};

£3836:

NJEQQTQ “H
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Batik (1f the gmunding terminals 14$} and 141 is made: of a sandman}; am? has; a head gnrtian

142 a trunk pm‘i‘ion 143 an engaging pm‘tion 144, and 2m and flange 14-3 as shown in 316; Each

03“ $339.56: pm't‘iimfi has a Circuiar cmsfi 58cm»: am‘fi is; cmmested m’saxiaiiy‘ Hues hear} .142 has; a

dimmter Eager than the diameter of the through hole 133; anti the body 143 has a diameter

sligifiiy Si'x'sallef than we [hammer 01" {he ihmugh Fania 133* A circxm‘afemnfiai. gmove 148 is

fm‘mzzwi at. the center (3.? that: {may pm‘tirm .1. 43, and :1 11331391” waterps‘mf panking 150 ShflWfl in

FEG.‘ “five waterpmcsf packing 150 3652135 haiween the fhmugh hale 133 and {119. grounding

farming}, and §3mwxfis water fmm entering the C-imuii‘ heard 101.

{333%

311%: engaging gamma 3 44 0f Each of the grazind termimfls 1.46;:‘118 14‘ .1. has a. diameter smailer

than the diameters of 1:339. and flange 145 21118 thi—J trunk amnion 143, A {fi—shaped ring 15$. made

gfa camiufiflr 53'iafi-“3’1iflEEG. 3 i5 fitteti tirmrein. ’1‘}m€2~shaped ring .151 am} the £19.33. 142 prewmr.

the gx‘mmding tetminais 140 and it“ fmm druggifig {mm the: ihmugh limit? 133. HOWEVER Sii’lCE“

the laugh {if {113 hardy partial!) .143 is innggsr than the Length (if the thrngh bode E33 Each 0f the

gmumi {terminalfi 140 and. 14'} can glide. tl‘zmugh the ilkxmugh E15939. .133 aiming the :zi'x’ga} (.ii:.‘${tii{m
{i‘uay'eufi

{DOS 8 by»).

.Fm‘iher, conducmr mii. springs {biasing mamas} $52 am arranged in the iimies 133 5:0 as to hi3.

ccmxial‘ with {he gramding terminals 148 and M L resgenfiveiy. Each Spring 353 is {.mnpresssed

in the axial {firesitfifan by the thituit hoard 3f)? am} {he {ifii‘mpm‘i rifig 3.51. 331831313191 EEK-E. {3,

waged ring 151 and the grounding{.8rx1‘zilf1als 140 Mid 143 are alwaw urged dmvl‘lward in the

{irawing by the reactiun force generated by“ the spring 152. As showy: in 3133.313 {Inshaped ring

35}. contacts; the i‘KfliQm surface Bf the mm 1323 unfess a fame is apyfied {:0 the gmimdmg

'iz'erminais 140 61:13 14} {mm :beicm

{383%

.3315 cigar Emmi} {.138 ai‘nwe, {his swing 152, ii; amajyés in (:{mi‘ac‘t with the dram: {ward 1 ()1. In the

Circuit haax‘d 3G} . bath Springfi .152 are in {:{mizuti mm min}: {Ether at {he pusitiuns if {he

canducmr 10821 cannectefi to {he refiisrar 18? a ShQWI‘i in F133 and this! conductor 108 ‘0

1142-3313 ”$2
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{unlimited m the pasii‘ive Emmi: terminal {if {3'19 {2}? amgfiifim‘ 1,08. I}'1€:emby., the grmmding

{arming} MO is; eiectricaiiy cmmectefl m the tonductiug wim 1083 thmugh :he crars‘ass'gai‘mding C

shaped ring 151 and the spring 152, and the gx‘munfling imminai 141 is simiiari}! eleciricaily

itt’ninmmed m {Em (ti‘mdtmfi {1g wire 1082:).

{004%

Wham the wristband 20 is wnund around. the. wrixst W cf the aimed, and the hiaingical

infm‘mation meassuring dBVice is fixed to the: wrist W 35 Shawn in FIE. i 1, {he gmufld teri'ninais

140 and 141 are aiwayss in (tarmac: with the: skin surface 017th»? writs: W. TENS is. because {he

grounding terminais 140 and 141 can mew {flung the nurmai {firemen of the skin surface :3? the

wrist W ant} are biased {inward {Em wflst W in}; I'm? swing 1 £32 DRE Us: the imaging flame Df‘the

spring 353 [£113 maniac: state is. maintained Ewen if a .i‘lmvement sud} 3S twisting the wrist W is

perfatmed. This measureQO is parficuiariy effectiwa beeauge them is a possibfifiy of n‘love'mem

(3f me summed. in 173113 nmasuremmt at a site Wham the. mugde hair, sieve-1::q3ed. like this: wrist W.

[004 iii

Afll’fl'dingl}: {the rmcesasary {mamas {fixes {tm‘xihicitiv‘e wires H.383 and 1.08%} am aiw'ays gl‘i‘}1_i.11£f}9.&i

Fm" ibis» magma, thra influenm 0f the finafing rsapmftamze hem-Ben the. plasma m be gramded and

the batii}: Qf the subject is always minimizsed: and the nmasurement accuracy is imprmeed In the

Imam{9111mm site when? the Skin surface Sayer is thick Elixir: fim Kasrizst 'W, the flucifuafiurl {if {he

,re‘fk-zmad fight is 5mm; anti thee Sieve} {if the output sigma}. 03“ time gfi‘lomdimde 183 iii smaii Howewgsr;

since {he influence {If the flaming capacitance is mfluced in this way, the measurement accuracy

can he gmafiy higjmvei’i.

{3‘34 3%

it is the spz‘fing 352 sugported by the housing 10 that ensures this gmunémg‘ Accox‘fiingiy, it is

mt necesgar}? {'0 strrmgiy tighten the. wrist W with ihfi wristband 20,2»21‘16 the. ranga i1“: whim the

Wrist. W is: pmfis‘md is narmw, Fur {his magma, the feeling (3? pmssm‘e Felt. by the! guhjefl is

minimizatl, and. Kim subject can withfitami Earlgierm measuremem

{£30413E
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Further. the grmmfing terminals MU anti .1 $1 an: attached m (ha. canvas: parties: 130 of the

wrist. W directed in {he Wrist W, am} the grmmdi‘ng iiem'xirialfi 1&0 and 14 E are pl‘njiécted {it} the.

wrist W azide {mm the convex {ififtiO‘fi 130,. The adhesian between the ground terminals 140 and

141 and the skin surface {3f the sulfiect is in‘gpmxsed, and the measurement accuracy is further

imp-nwm. Similarly. since. the transparem glass; 184 is attached. m Em: cmmzex martian 130 and

the trzméigarem $33.33 MM is protruded t0 the: wrist W 53:39. fmm the {fame}; par'tivzm 138, the

adhesmn heiween the transparent @3353 194 and {he skin surface of {he subjmti is improved It is.

pmsibie m ixnpmve and. reduce the .i‘rxfluatxaae 0f external fight an the phamdiadae 1:33..

{DQ4QE

Further. as Shawn in FIG. 3 i, {he wrist W side em} Surfam of (in; ground mrminais 14mm: E41

mid {731E wrist. W {side {and sm‘fmte {If {he {mmgparwfl giz‘ms .104 are substani1mfiy33m same when

pressed against thaw skin surfing Bf the wrist W. The fame of the spring .1. SE is set SD 35 m lie an

the. Mane. Fm” this: résasnn, the pressure appfieci ta the. wrist W by the and SUYfRCES sf the grmmd

teyminaiss 1-516} and 3.23.}. and the and surface 0f the t'ra‘msgmrem ghfis 194.: its made unifmm,

’i‘htzemfaw, it is pQSSibie ft} mduce the fee‘iing at" pressure Cm the 3211331228! as eumpamd with Gui:

case Whme preismre i5 :tm’zcemratmi.

EOGéGE

Further, armcesssary parting 0f the. cimuii‘ board 181 and the grmmd i‘emfinafi 148 and M1 am

ehantzfitafiy cmmecmd by a (fandutfiuf' Cdéhaptéd ring 3.51 attachwd {-0 {ha grmmd {firminals 140

and 14 1 and a. wring 152.. In. {his way; by wing ”the mm‘imtim Spring 1'52- fm‘ mm‘mmion, a

riedicatefi with-1g nan be eiiminaied. Tim“: is, sinse the masher 0f part3 can be reducefi, the

nmmziheiurirkg cast (tam be Teducflt}.

[BQéBE

In the abova Ei'l‘ibfldifflfifit. the Centiuctiva wire 18821 Bf FR1. 5: $3 Cfll‘ltXGCfl'Ei‘} m the grmu‘iding

tamizinai 1340 and {3.1% {:{Jm‘hjcfiva Wim 168i} is Crmriacmd m {he gmumfing {fex‘jrra.i§';zd 1-41. Yen

may make it cm'meCt

ffiD4?§

1142—2319 34
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Semnd Esiafi’sos‘linseat Next as secm'sd mnhodimem awarding m the prewar. invantfiom wiii be

dasm‘ibed with i‘fififl‘flflflfl :0 $313.13 In ads‘iiticm, the: game made i symbol is attached 1 ssshjecmfl m

the, cm’npmen't in list Embadintmnt and the fiescripfion is abbreviam § (smitted. Since {he

Ssthematis: ssij‘unture and puke dei‘ecfima {3f the hisflugicsfl infarmm‘im; :s‘seasuring device of {he

SGCQIR‘I embedimem are the. same. as {3101559 cf Chi}: first embndimetm detaiifi' 0f the: gs‘mmd temfimasi
WEE} $352 described beiicsws

{0048}

The back cstwar 1.2 (if she $113133ng 18 iss {Hm-{ides} with a. mrweéx partisan i330 simfim‘ it.) that :31? the,

firm; embadiment, am} a ring»3§1.a.pe(i (SGUpfihflprQ ground terminal 160 '15” attached to the flat

East'rfam 131. The gmunfiing imam-net} 168 is disposad so as to surmund the transparent giaa'a
I O4.

[@049§

(“is fii‘ii’Nxfi'i’l in MG. 373,. the gx‘s‘sufidis‘ig terminai 180 its fixed {:0 {hf}. {his ms‘fmzzsés 131 Bf {he stem-“sax

portims 13f} at {we inflations {musicians (3f (hf: swans H35}, Details: sf the attacfimmnt are Show:

in HQ A through hula 162 having a cis‘csflar Crass seiziims is farmed in the mmrex yartian 13:8,

and a (fidiudricfai pin 1&3 made (if a confiiscun‘ is insafieii mm the fismugi'is mites 182. Fesmale

.ascrews are formed at upper and iowm‘ Emits (317‘ this mum perigheral surface 9? {has {RI} 163

Screws 184 whase bad}? part. penetrates the chassis board 181 3an screws M53 whose hmiy pars

pasmstrates the gu‘mm‘iifig Manning}; 1&3 are respesciivséiy sm‘ewed into: {Exam famaie SC'I‘GWS.

{0950}

In this way, the: ground terminal 1815) i3 fixed {a the comm; gm‘tion 130‘. Further, the Screws 164

and 365 and. the phi 153 are nudge (if a, sawdustmr, so that. the circsjjis: bmm‘sfi 131 13s eieititiicaii}!

mnrzecmd if} the gmunding terminai 160.1?!) the circuit bfiard .181, the {we Screws 164 are in

contact with each other at the passii‘ims mf the Candumiva wireas 368 a and H38 ts Shown in EEG. 5,

1143-2339 “$5
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whereby the {turghutiiive wires 198 331161 $.03 i) am eietzi‘rieafly {mummies} m the gifflllfld {egiminai
1 BO;

Eflflfifi

AS ShGWfl. in FIG. m, the grounding terminai 1760 and the iramparent giass 104: grotrueie towemi

the subjaci’fi wrist W from {he fiat 31.1rface 1831 (if the mnvax partial; 13f), {he writaf W sid‘a and

surface (If the grmmding terminal .163, and the: transparent glass 3.8431119. and. surface in} the

wrist W $§de is hated cm substamiaii‘y the same piane. Tiflal‘éffiféy 'WhEn the wrigtbami 20 i3

wound arzmnd me wriat W mi" the subfieci’. and {hug biuiogical inibrmai‘ion nmasut‘ifig device is

{mad to the wrist W, the grmmding mammal 1‘ (if) summers the skin surface of the wrist W.

Accm‘dingly, the uemstmy pertimms {cm‘xduci'ive “firm 10821 and 198:3) are grcxund'fid,

[Ufififii

A3 ShQWfl m HG. H3, 21 Circainferentiai grmwg is: formed. an {ihfl (miter§mri§1hery ofithes gin 163i

and a rubber "watm‘prrrmf packing if}? is pm‘vified E‘sem. The watm’pmaf 'pimki'fig 16? seals

batsman {Em thmugh hide U332 anti the groundingtam-£1131,and prevents watt-32‘ from entering the

(:irssuit beard 301 .

{(7)0533

In {his Sfllhflffiflyéfli‘: the end. face {31’ the grounding farming? U30 and {he end. face {if Yhi‘f

traz‘mparent $1353 104 are gamssitionad em $Libgtantia§1ythe same plane. and the gx‘out‘gdix‘zg

farming} 180 is arranged around the u‘arxsgarem g ass 19% as a 100;: shape( The pressure applied

in {1316‘s Suhjeci‘ by the {and fame 189 and {the em} {mice 0? the transparmwt glasé‘s H34 is maids:

uniform Therefore, it is {Jammie ta imitxce {he féeiing (3f pmssure an the suhjmtt 21$ campared

with the case where premium is mmcerm‘ai'ed.

E3854

Furihm‘, since the ground. {ermimfl 15031215; 23 kmp shape. {Zines gmund terminai 180 and. the wrist

W am mt sapar‘atefi even if 1‘1er is a $913 rim memtmnt between $139. wrist W and the Musing

1142-2339 “5
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10. ER}? thifi 1.933011, the influence 13f ihe floafii‘ig c_:a.pac_titm'ice between me plate to be grztmnded

and the hmiy 0f the why-3:: is; always minimized: and the measut‘emem accur-afly is imprmgd. in

the. measummem site where the skin surface layer is; thick like the wrisi W. the: fluctuatim 0f the.

FB’QEK'ZK'EY} fight is: 811135 and the have} (1f flue {mtpni’ signai 0f the. {dhfltfldififie 183 $33 5mm}. 'i'itymév'er,

Since the influence of the floating capacitance i3 reduced in this way, the: nwasurement accuracy

can he» greatiy imgmwed, hikn‘ernt-‘er, in the n’meaguremem in the site. 3 part wl'xere the rrmscifi

daweicypefi 33109. the wrist \T“, sigma them exists: a posgihiiity of 2:. ms: subject‘s exercise 1 I'ftUViE'nlflfit,

(hit: advantage is aspmiaiiy efi’emive, Flirti‘am'nwm, since. the imp-shapeé grounding {terminal

SHE‘YUHRd-B {ha 'irax‘zspamm: body, ”the inf! meme 0f external Eight. an the maflsumn‘azseni can hf:

prmr‘emxéfir

E8135? yaw.

E; In the aimvedescriibed embafiimanh the buckie iii}, the. msngue 2ft .ami the smaii hale 28

are pmvidefi wi'i'h the (firmmferemcas: afijufliing mechanisim. Eiimwsevem {mas aim:.1mfere1'1w gufiufling

mechanism is Ila-t iimitat'i if) this exai'nphé. Far Exan'lpie, a Veiam tape; A button or the like may be

used. Far axampie, if a medicai supparmr bait made of a highiy stmir‘hable maiflria} is malted“ the

(:3rmmferezmie adjusfimm. mechanism may nut: be pmvislmh

Varit'ms Circui‘is when" that"; {ha circuit iiiugiraied in FRI. 53 can be used as the puke wave SEIlSt‘H’

unit using the refiiact'ive apticai gamut; The present. inventim‘s can be. apgsiiieci m the gmumfing {3f

vai‘imxs pulse wave smmr unit, circuits in addition to ihe gmundmg 0f the. circuit shnwn in Fifi.

{0053?

Thai: hieiugicm infin‘matiim {measuring devim fifths: ahtmzs emimdinmn‘i‘ is; a. ‘Vlii‘iSiWEiti‘ih {3'98

wmmd armmd thE wrist 193,-". Hmwever, {hi2} prawn? immntiun is mm: limited in this. and the present

inwmtign can £1150 be appiied it.) defleciiml mi" other parts such as fingers and ankies.

{335%

The inmatfians 0f the gromxd mammals 140, $41, 180 and {he transpm‘m‘at giass $34 are not

iimimd :0 {319363 shriwfl in the figm‘e, and may be: at. {fiber positions as lmtg as (fiUfli‘EiC‘I. wig}; a

fiviug bad}; 33 pregame.

11433319 1?
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{805%}

As described abom, awarding t0 the: pmsem‘ inveniian, the Imasuremem acmraty can be

impnwed whim minimizing {he ,§‘afiiing (1f pi‘aasus‘e appfied {‘0 {he 1:3?ng hi’sdyy

He’BE‘QflTQ ’58
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§Es§m§°§§ ”‘gmmmm
mea‘mfi E332 5W3 am: Smgifi 

Natice

This tramiatirm is .mz'fl’il'fi1)§3qu?¥€§‘2¥£{¥€3. it cammt he glmmmeed that it is in‘tefligihle, gamma

mmpiete. :‘eiiaiifia (:rr‘ fit. for spefific purposes. Cz‘ifiml decisiuns, Eitii‘h as {:Qn'mierciafly :‘elm‘anf or

finax‘mial decisimrs, shuuki Imt be basmj (m machinw{tailgating 01%pr

CLAIMS JP3304329406

1.

Eiecti’unic: used m adhere in ma patient? An optimist} medicai SERSBI‘ cmnpfising at feast. {me £31339,

far connection it) a me‘mr deviw, wherefign the sensm‘ had}; is :tapabk? 0f being attached in the

patiem's {and}; {mm 3%: k235i: {me my mum directions. Mafia} 53115:)..1“.

2.

The mafiimi sensar attcm‘fi‘iag :9 2131211 I. whmein the cable, is; attached so as m be swifigabla

abmrt an attachment position with respect to the sensm‘ may.

3.

At 38335;: fine LED and a: ieafii‘ {me fight. di‘éti‘jt'f‘fflf’, {ha light; defeat}? being connficmt‘i {fl 3:111:33? one

cabia far mnl‘xetttion {a a mimiwr deuce and; at. hast {me {ENE cmtmected 1313 the patimt‘a; bawdy;

medicaE Sexism aharamerméd 133 being attaci‘whie from the abnw directiuna

4-

5i. The medicai 39mm awarding w ciafm 3, whemin 211:2 {tame is attaci‘md 5c: as to he swingable

amund an attachmmt pasiti-Un with resspect 1:0 the 35mm {Barfly

5

A puiswfiypfi nygen Crmcentratfim SSHSUF. coniiprising mm fight {ignite}? and at iiéaisi' {WU LEEDS,

wherein {he Eight detain? and the LEDS am cunnecxtad m at was: DRE cabie far mnnmfion to 51

1142x2819 ”i
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fili)§’1i§'t§f devicm A puisetypa ('lxygml {tumterxtmfitm sex‘mt’fi; Whatein a wish; item be attaahad m a

patiern‘"s bady from a; Ieast. (me d‘irmmm

6‘.

6' The @1139 type {mytgen Cimcez'mmim‘: sensor awarding in Claim 5 whemirs the. cabie is

attached. 35.: 213' to be. swingahle amunfi an attachmem gmitifln with respect {.0 the. Samar hady,

'1

'3‘ The puma‘iype mxygen canceniratiun SEERSQI‘ acmrding {a claim 5, whemivn 61!: #3511501“ budy

can be; attached in a paiient‘s bag}! with an adhesive.

8y

8, The puisautype nygen camiemrafian sansm‘ awarding m Gig-15m 7”, whereifi {ha senses," had}! is

(.mznpmed. i3?" {WU pafis, same para: }’ia'«.z‘iug {me phumdetecin? and a: £93551. twa LEBE, mad. the: {)Z‘hm’

part fi‘xaving an zldl'zesiVE part. A puisxéy-typa (mygen cancenn‘afinn sensw chamcie-rizéc} by {using a

bands’haped mamhan

9.

The madicai sensm‘ acmn‘dmg in any {me {of daims '1 {I} 4. 0:: file gal‘fifi Mme ptiififl—{ype {.yxyge_t'i

mmemmriim 53.8mm acmrding m any (me of ciaims 5 to 8 can be atmszhefi to an existing puisayu

type oxygen mncemmfim sexism {mm a: ieasfi: twrs directions. An instal'iatzimn kit far a puis‘ewryge

oxygen C(H‘ifiei”l€1"£ifil'}n Sifi‘lSi‘H‘.

30‘

If}. The mouni'ing kit for a pulse type mxygen COI‘KTflfKI‘i‘hfiDfi SQRSDE‘ awarding my damn Q, Whemin

the cabie i3 moumed so as m be swingabie around a mmmfing 905mm with respect to the swam

may.

1 1‘

A puisa-fispe oxygen mmemh‘atign 365113ch wpabie a)? attaching thfi madfic-ai sensar awarding in

any (me at" {:Iiiimé; 1 it} 4 {W the pulswtype rsxygen cm:.r:eflt¥‘a{km SEH‘SI‘JT acmfifing m any {me {if

{:Xa‘ims 5 m 8 tee a detectiun unit if an aiming pubs-type 0.xygeu concentratifin sausmz In the

{Haunting ML the: $331.30: budy includes a yiu r3131}! {If 'E;.EI{}$, 3 Eight: damcmr, and a mezméi fur

atiz‘tchmg {0 {ha adhfiaive iape, and this. meana far attaching m the adhesiw tape anabieas {33$

SEWSQ!‘ bawdy m hfi washed fmm at Mai-2t one direaiian. A mounting kit far a puise-{ypfi oxygen

1M2«2019 2
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{1m}.(Jefltf'afiflfi swam.

ii 25

13‘ Th: praise type oxygen ccmcentration sensar mew-sting kit accm‘siiing to Chaim H, wimrein {he

means. for afianhing m the gramme gensii‘iwa adhesive tape 3km inciuflefi a presssure gemsifive

adhsrsive tape.

1.3.

12-6 The guise oxygen commutation sensm' maunting kit awarding in claim 1L wherein the

unwilling nmans is far map Rimming.

14.

32.33113 mmmting kit fur a puiSE: oxygfln {:mncenh‘atian Sensor accordirlg t0 aiaim I 1, wherein {he

mmmi’ing means. is a {.fiz‘ituiar {me {133: snap mounting,

Ii. 5

A pukwtype mygm} (fumijiisl‘lh‘aHm} sensor emnpr'ising a detectm asSea‘nhfiy including a Sigh 1'

Emitter am a fight reef-shew, am} a dispasahle band agsembiy using 211-1 afihesive strip matreriaL

Whmj'ein Eight emiimd {ram {.118 Eight emitter is h‘ai’xsmifimi {Waugh 2'; pafiem‘s had}: In. the case

Q'f receiving fight by the {fight receiver, the fieteatm‘ aafiembly mummies at least a pair 0f hausifigs‘

a light emitting dicde am] a light rmeiving elesnmnzt individuaily hanged in the pair of Musings},

and (he signai {ransmisfiimn hatwmn the pair {if ‘i‘musings. A flexihhie cable. h‘ldudimg a wiring far a

sigma}, and a 'fiiaxiifle cahie 21838:?)th induding a wiring for transmitting a sigma} m an axmma}

deviate and attafli'ied to (me 0f the pair of hmxsingss. The band assembly bars. an agihesive s:.u‘face

puriizm (m M 313133! a. part affine 3m'fa-Ete 53kt At least. {WI} studs gisrqgfict (m fl'ie Sem‘fam .Siila, i‘fi’iflh

and has at 192231: unis. pmmeabie (spewing, and this. ssi‘ud has; an ammlar pa‘agecting partiam that

allaws the); {Jpemng of the imaging to be fitted am? engageé with a $1;pr puke-{we axygen

cancan’i‘rmion Samar {tharacwi'imd by comprising.

1 5‘

16 The puke type caxygen mneeniraiim 38.1136? n‘xmmiing kit accm‘dh‘kg in dam“: i3 whemin a

mimmhlg partifin a? $319. Stud is rammed inside the. heusing.

1142~201§ 3
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§Es§m§°§§ ”‘gmmmm
mea‘mfi E332 5W3 am: Smgifi 

Natice

This tramiatirm is .mz'fl’il'fi1)§3qu?¥€§‘2¥£{¥€3. it cammt he glmmmeed that it is in‘tefligihle, gamma

mmpiete. :‘eiiaiifia (:rr‘ fit. for spefific purposes. Cz‘ifiml decisiuns, Eitii‘h as {:Qn'mierciafly :‘elm‘anf or

finax‘mial decisimrs, shuuki Imt be basmj (m machinw{tailgating 01%pr

DESCRIPTION JPBQQQSEQAKIQE

A puisedype nwgen (tonwrm‘arim} sensm‘ that is inexpensive m Imnmfacmre and 9.215): "m use. A

demzmr as-seixzhiiy 1 incinding a fight emitmr and a light mmive‘r, and a dispafiabie band

aasgembiy E: missing am, ficihfrfiSiYfl 3m}; material. The! detactnr assmmifi}: 1 ingiudfis a pair of hands 3

and 4 Serving ass housingz‘s, figh‘twemittiig diaries and Zightmueiving Eeiemema inéividuaily hmiseci

in {he hamiss 3 and 4: fliexihia cables; '3 and rabies fer aigna‘i transmissinn hemeeu the haods 3

and 4 anti external devices. it tamrsit‘sts of an agsssmbiy 8. Tim heads; 3 and 4 have: opééffiflgS {‘0 {the

i'nfiisfi'ke. "ii‘he hand assembly 2ir1ciudes an adhesive [Janina 9, a cm1r1eci‘ifig tape partial] 1C3} anti

two studs 11., and each stud imiiudas a helium? baciy gox‘iian This. stud 31 has a pmjec'ting

mmxflar puffing} 323 that mags the: hunch; ii i}. The nmunting pz‘mi‘icm of the stud 10 1’3 mtatabie

insi’cia the 139065 3 and 4‘ {Seieatirm} Figure 1

Med 1:331. gamma miss: exygen cm-cmm‘atim sensors, and kits: for attaching {E1659 mmm‘s {a rim

paiiem’s budy

£00913 1. Field afihg Inventim'z {8632} Time present. invemi‘mn reiatess to a medicai sensor {91‘

xnsesatsurir}g ‘(1 Siam 0f nygfim in Nam! by hemg wm‘n an a fingar. a {we (3; the Eike of a gatient‘s

hand, and mum partimiariy, a {wise type mygen mnwntraiion senanr. And a kit. {Dr attaching

'i’imse sensors in a patient's body, 2. Desm‘iption 0f {the ReiatedAnia1'21edicai.cax‘e, whether in a

hmspita§ 03‘ outside a hospital. it is important in mummy the uxygmx contain-mien in a gmfient‘s

biased This is bemwse when the oxygen cancmztration 131 the. blew} i5 law; {he bran} may be

damagi‘x‘i in a Shaft permit} 0f time, £31“ death may mam. A 92153:! aximei'ry nwfihfld is weii krmwn

as an oxygen ccsncentratinn meamirerlmmt 11131106. This methad is a noninvasive methad for

{Hamming {he oxygfin satm'atifm 13f31fl‘i‘2‘i‘i8} binmi Whici’x is; an imdm {if oxygen sugpi}: and: the:

measurmmm senfim {aged is it detects? asmmbiy and. an. adhesive strip material} that is attached

{‘0 a parimt‘s finger 01* {he like: ‘The pmbe inc‘iudm a ca‘bia assemh‘iy far cannectimn in a mcmimr

”422319 ”E
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{m rm‘mitm’ing m‘ the him. The detecmr agsemhiy and the 13mm include a Eight emiti‘er amt} a. light

weaver, The light emixwr is compasseé of a light emitting diode {LEE} far both red Eight anfl

infrared Eight, fm‘ exampifiz, and the fight receiver is mmgused of a light receiving eiamant with as

a phoi‘odiade Suii‘ahka- Fm rim-Giving fight emitted f‘mm {he iiglfi; emitter Smith 215 LEE. T0 {it}. Such

a pmba is attached to the: finger in" toss of the patients; hand. or to the fate: if the patifism is a

ymmg per-5311, em, and {he iighs'; eu‘aifl‘ed fawn the Eight muffler emits. the. fingernafi. anew, vessei

or capifimy a)? the pagi’em. SE: to irradiate tissue. brine. etc. Ti‘hsze light receiver is arrasiged an. the

Ugaposita 5m 0f the fight amitter SQ that ihe iighé‘ emiited fmm {ha light emitter can detect. the

light {ranginifléfi ihmugh {hie bum tisaue. The dam abtained by Smith a ptflsfizmtfije oxygen

cmxcentmticsn 39mm is diffm‘emial abserpfimx data by arterial} {$10011 13f twa wax-*eiengths (1)? light:

emitted fmm the {Hubris iiiuminatm‘, and five Qxygen migration can be datemlinasfi by anaiyzing

{his data. Ir: (fiber wumiss, are Wm typias mi" prime mnitizers turned on alternately? it is fumed (Eff

and rat} fight am} inflated light are. altar-match! applied ta the measurement Site at” the patient,

and the tramnfittad light is :ietecmd by the pi‘imm‘acemm‘. Then using the: fact that the nutput

Current (”If the phamremptaur is pmpmtjmm m the detected trm‘mmflmd Eight intenfifiy. the

intensity ratio {if the red Eight and the red fight is cakuiamr}, anti missed (31] {his Katie, for exa‘mgfie.

by amputicaiiy pg‘met table dam Beéi‘tarmijne the: value af Qxygen Sailji‘i‘iti'Di'l in. the: pafifimt’s bimod.

{(3005:} Althmigh the usza -@f such a pulse WW Qxygen mncentrat‘m‘l mime: has a {3931‘ adxrantage.

it is. difficuit to fix £0 a patient’s body and stabie detection data is stable if the fixed state he first

sitahlie. It is (iffficult to miniov‘e3, arid it. 15 '{z‘t‘Jijbiesmm to in ii: when the pussiflafl {if {he cable is

shifi‘ed when it is fixad if; the paths]; with a bandage (13‘ the like.

In addi'tis'J-n, fixhg with a bandage etc; i‘thuiaifi!S the mmremem (sf the patient. am} the LED etc.

gamratw heat. so if it: is attached mo firmly with a bandage flit... it, can prevesm' €515? (£21m quality

frat}: deterim‘am'lg due :0 {he (rabid? mining . It will Hui“ be m’nnfm‘mi'fifi far {this patient. ‘1‘}:iésrefaxm,

there are bath (fingers and imtmwenienceg especiaiiy far usrg. in nawbums. There is $31.39 an

exampk! 0f fixing usis‘zg a Ciipfihaped jig. inn; it may cause pain in {he patient. The cost is also

higher than that. Of gmwmi fiensnm, and a Cfmgixierahie number is currently Liar-3d. {f {1111: Whaie is:

made disgusabia m maven: infemen i0 whims. a vary large an‘mum' 9f environmental waste i3

generated. That‘s mere than 3 {203512219 presesnt im’enfim Solves the ahme-meminned

(‘xmvenfianal pmbiamss. and pnw‘itias a mmdiml 38113012 2’: puisentype oxygen :zi‘flutémh‘mi(m 355130;.

and. a 3m. fur aitatfhing these SHHSQZ‘S it} a patient‘s body. wiiiich am inexpensive m manufactm‘e

and. easy m use. With the gm}. Meam far Sowing {he 93‘0biems A medical sensor awardng in

ciaim 1 0f the present invention is an electrorfic device used by adi'lm‘ing to a patient in arder tax

achieve me afiove C)b}§r3t:‘.i'. An aptiflai madicai sensor campriging at {East fine whiz! far mnmcfimz

in a nwnit‘tor‘ device. Wherem ”the 3mm??? hmfiy i3 capable 0f being attached. 1'0 {the patient‘s hady

from at least {me fly mare directimu And Awarding :0 this: sesame? a$pect m“ the present

invenmm, in Order {‘0 gamma the: ahave ($13512, in, {he mmiicai 56.51150? m:(:¢‘3rding R) the first

QSPQCL the (Tahiti! 1'5 attached Sr: 35 m be tawi‘ngabie amund an amichment {QUSifiUN Wii‘h 183;}th {a

the 3mm? body. it is characterized by. According, tn the third asspect a? the pressant invmrinn. in

1142~§E€31§ 2
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mam: m achieve the ahxwe abject {the apgmmfus bag at 19.3151: {me LED and at; .ieast {me Eight.

detector, and {hf-3 Eight dag-3cm? is user} fur mnmfitian to a manitm‘ device. The {335% is mummies}

ta at least one cable. and the cable can be axtmzheci to the patiant’s body from at mam {mas

directimiz. Auti’fl'ding {-0 a {myth aé’spiesm (1f the Fraser}: hwemi’m, in wider m achieve the amnie

object, in the medicai senswr of the third aspect me came. is attached so as; to be 5wingable

at‘umxd m: attachment pmitinm with respect. 1'0 i‘he same: body. {I is tharagtmrized by. in arder {in

achieve» the ahme (Matt, the puisefype axygen mncentrafix‘m Sensor? awarding m dam: 5 has

we: [show datefiter and at. ieasi' two LEDS. and the ghom diameter and the REES are manimmd. I:

is Characteyimd in that it. is itflnl’ififlted m 31: {east mm cable {hr mnnectiun {‘0 {he hardy. and the.

cabie can be attached :0 (ha. pafiflnt’s body fmm at. iehasgt mm direcfis‘n,

In wafer to achimé the aims? abject. according w the sixth aspact of the present invention, in the

pulse type flxygen commxtratim‘i Smssnr awarding in firm fifth aggaectfi the (table: is; attached .30 as

to be swing‘ahie amufid an zittaxzhmam positicm with respem: in $115; sensm‘ imciy. It is

Characterimd by becoming. Awarding m the, seventh aspect a? the present irweminn, in m‘der m

acthiewa the: 236mm; abject, it} mg pulse. {3:96 uxygefi {TiJfligEfli‘ifi‘idfifjfi. sensing: awarding {I} the: fifih m‘

sixth aspect. the 3:311st main bud} can be attachgd m a patianf‘s handy with. an. adhesive. FeatursQS.

In waffle-r ta achifiw the 323mg dig-3am. according m the eighth aspect (if the pmsenit invention, in

the puke {yge axygen can(tmxti‘afitm senmr accmxling m the seventh aspact, rhea $883K}? main,
 

body is cumpflsed of {WU parts. and em: part is {me Eight. {if}

having a "bad? anii at £333: two LEDS, and the other part having an acfixegive part. Awarding m

we ninth 35pm? uf the pressem. inflmi‘iml, if: mfler {'0 achieve the. ahu‘ve (.mjmi. the (Rabies Hf the

gatiun. fit. is a bandrshaped n‘len'lber

mediataE 3mm)? awarding m any we of Claims .1 m 4 m the puisa 13w? mxygm {:oncentx‘aticm

SEBSDZ‘ acmyding to any fine. of claims 5 to 8 is prmiided. Can be attacheé {a an existing pulse

type nyger; C(M'iffifii’ifiiafiffl} 53mm" {mm at lea-st {we directions. fixaccrfiimg {:0 Claim .18, in murder in

grammes the: am“? Digest. in {he pulse type nygmx mme'mratirm gammy {munting kit according

m ssiaim $3. the {tame cam be swung around a mmmting possifion with respgci to the gammy bad‘y. if.

:25" cihm‘acmriized by being aria-chad t0. In Order {‘0 achieve the ahmre s‘shjiecti, the kit fm mmmting a

puisenxygefi wriceiimx‘atian 33:13:33“ awarding w claim 11 is the Itififiifiiéfl 38mm" awarding 110 any

am (if claims 1 in 4 ONE-1e pulse aecmfiing {0 any (me Of ciahns is m 8. En the pulse {ype Qxygen

can(Tfif‘lfl‘afififl gensm mmmting kit that enahies {hr-3 0):};ng Eype {)xygen cancenii‘afifln SQRSQI‘.‘ {‘0

be {attasshmi m the detectim‘: unit (3f an existing pulse type. oxygm ctmxcenfraikm sensor, the

sexusm‘ hotly has meazm for attaching. {'0 a pitsmfixy {if 1.3205, Eight detecting. and adhesive tape. In

additioz}, the attachz‘nesnt means it: the. adhesive tape can attach the sensor body fs-‘me at least one

dimcfim}. According {'0 ma twelfth aspact of the present imr‘eriiian, 511 m‘der m achieve the abcwe

ohflecf, in {by}. a’i’iachx‘nem kit far 131% puise type {axygexl i‘.enteritrafion simian}? awarding m thi'é

e'ierventh aspect. {ha attachment means is the adhasfle tape 3330 inchxdezs the afihesive tape.

Famurefi. Accurdiflg m {Em thirmmu‘h agpeact of the figment im‘emiitm, .in.13_rdex‘m aflhifiVE‘e fhe:

abmre abject. in the {$11188 $33353 uxygen cum:emmtian 59,1130!" {Haunting kit acamtiiug in the

eiavamh aspect. the maumfing {mam-3 is for snap nmuntimg. .

114%;‘2013 3
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ficmrding to this fourteenth aspect cf the pmsent inveniicm, in Ofdfli‘ to achieve ihe above oinject,

in Hm aimchrnmit kit far {he puié‘se type {mygeu (ZOHCE‘.fifi‘éfiiflfl 363119.30? atcnflfing m the eleventh

aspact. the attachment means is a tirculiar one for attaching a map... And in {mixer to achiaw rims

abuve ubjett‘i, 31 1.111136 type oxygen} mmentrafiun sexism accomiing in {shim §5 maximises a

(tweeter assemfly inciudmg a fight emitter and a. {fight mmztiver, and a tifgpngflfie band assemhiy

using an adhesive Stiff} materiai. A pulsemypa oxygen Cement ‘éiiifll‘l 581350.? that transmits fight

Smitten} {mm me light en’ait‘i‘er through a pai‘ieni‘s body and FELEEWES the. Eight by the fight

{men-‘95: The detecmr assaamijiy imtkidfis at least. a pair 0‘? hanging and {has pair Qf hfsusings.

{admiring a Eight-emifiiing dimie and a lightmmiving element individualiy hczumé, a flexibia cable

that cnmz‘zmgta haw-Ben firm. pair of E‘mmingg and imfiudes a 3‘3ng {:‘ansmiSSimx wh‘h'ag, and a

sigma}. transmissian wiring tr} an External device. A fiexi’bie cable assmnbiy attachafi to me ef'ihe

pair {if hmmings, whemil‘i this. hmxsingss am raspmtiveiy mm'wtted m the (Muskie. ”Phi? band

flasembiy has an. adhesivg Surface portion (m at hast a part of 0m: .sin‘fam side. anci has at 1623.5:

two studs maimding frm‘n {he ather- snrfaw side, Each stud having $19213»: one permeahie

opening. am} the. hanging "file mpening (331‘be datafihahiy engaged with the: 311.21%... in wider m

achieve i313abflVQ-Cihjfisct, a pulse type nygen mncantmtim's. 39mm accai‘dis'sg {.0 {this}? '15 $3 the

puise axygen camemratirm 32:13:31” mmmi‘ing ki: accm‘ding m claim 15, wherein {he mmmting

parting} (3f the. stud is {mated imidgé {he hmming. 111’. is charactermed by hemming. ETIESCEEIP‘I‘IQN

{3&3 THE FREFERRED EMBODIMEWE‘S Embotiimems a)? the present irwen‘i‘im} wii} he {iescr'i'beti

beimw with :‘efemnce to the drawings. in the. fcéimving, {me grafarred embadimtmi: 9f the present

inventinn WEI}. be. desserihed, bui {1mm ambudimeniis, appiisgatinns, etc. 0%” the pmsem invention

WEB be: apparent. to. those skiikad is} the art, and the description {harm}? wilt i312! (unified. {3f (“396.i‘fifi,

the present invention is mt iimiwfi m the illusu'atefi axampie. F113,. 1. is an expiefied persgsective

View shuwfizg Em mrfiom‘iifimm (if a pulse type {mfg-gen (:m‘u'3e1'1tz'r’a‘i’i{m $81156!" awarding an {$18

pmasem 'invemion. The jpuiseutype oxygen tencmmrafion 38351-30? accm‘fimg {a the gamut

euflmdimem includes a detecmr 3153911833.}! 1 imsluding a Eight. emitter and 3 Eight receiver. and a,

dispuszibis} barlc’ii SSSembiy 3 {3.5“ng an adhesiw {strip material. and fight“ émii‘i‘eé {rain the Eight

ex’sxitier. Ia trmmmitted thrmxgh the patient’s body anti recteived hy the phmm‘ecepmr. Further, the

dememr asaemifiy i and. {he band assembly 2 are made mm a kit {Dr atmchmem m a patient‘s

(may.

The éetecmr misemhly .1 inciudes a pair of heads 3 and 4 serving as housings f0? housing

\r'ariaus cm'npmwnts. and chassis 5 and 5 fm‘ heusifig fight emittifig diadag and Right receiving

filaments. in the: 3109633 3 and 4.. Spi‘ifig ciips 8 mild 8 far fixing {he {:haSsis 5 in ma hoods 3 and 4»

respecti’veiy. a flexible came '3 far (swimming the hands 3 am} 4 anti inciuding a signal

'i.’:.“:‘33‘§3311i83§ml wiring. and a cerium daaica {rim sfnjmr‘fi} And a. flfixibie cabie gigsembiy 8 includimg a

W} Iii 11g fur Signai imzramngirm t9 an external deVifls‘S 81m?) 215; a numitm‘ and attached :3 (me how}

3.31m hands .3 and .4 and the chassis 54 are farmeé wing, 31 grade of ABS resin suitahie {m

11‘12‘2019 4
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1135;111:211 use. The band asrsembiy E? has; an. adhesive 05.; 11:9..1Dwm‘sz_:1:fa(:e in 1119. figure, 313.111.1135

recianguiar 1.5111316611311311 adhesive 39131110115 S39 5} {11211123111111 attached ta 3 13311131113 body, and a

marmwer width than the adhesiva pmtion Q stremhed between timm‘ The connecting tape

purifier} 10 is; (:mfipfised {11‘ a pair" (31’ studs ‘1 1 and I '1 held ham-119m} the. upper mszage {111.1163

.acihesive partim E3 and the lower surface Bf the connecting tape: partitm If.) and a reiease sheet

123. fur prm‘ecfing 1119 1011192” surface {.31 the. adhesive porting} ‘3 {t 15. Fur axan'qfie} the {Jressum-

3111255111“? 31111931111 pmfinn SE) is; fm‘mad using a messurevsensifive pressurevgefisifiva adhfiegwe type

transslucmi 3m1yaster (31“ the iike having a thickness {if 13.1313 max-1.. Or although the mnneci‘igm

tape? part 10 is 315m formed. with 11111331119. maiafial and is affixed {:m the upper surface of 11119.

31111185101} Fart E1, it is mammary 1111313119 the huwer surface of the part. between. £1.19. {1111111135101} 921113

9 and 9 have an adhesive. Tim (Immacficm tape part 111 does mt need to have h‘ems‘iucency. The

stud 11 W111 he described 11.11811 The release sheet 11 may be a known 0:19., for Examp1e., a craft

tape coated with 511113311. Of mum-e, 1136151933121 sheet 11 is peeled eff during use to Expose the

8611111811511 $1.;rf'ac1é 0f the adhesive {30111011 9. 2 13:: a crassseciimai View 011119. detectm‘ asssamhiy 1}

Fm. 3 is 3.311111113112111 {A} and 3 1101110111 View {11} 0f the. hand ‘3 ans} 131211.413 a plan. View {A} 2111.113

501111111 VEEW (13} 011119 1mm} 51‘ F161. 5 if; a pm‘specfive View «31“ the {511218515 5. As 311103.131} in E18. 3.

1119. based 3 (71.111111111111ng {he 11511121131 11351131131}; 1 has a 31111515311515.hgmtaifipherica11113110131 light

mueiving bud}! remiving 116.1110}: 13 and a heiiuw cyiit‘sx‘h‘icfl shape that htfidfi. the and. 130111911 6 3

Of {113. spring. 611;: (3‘- It is campz‘ised 1mm the amommmdatimg part 14, and the iznnnafition part 13

{to 111$: {table ‘7’ extended 51.111113155113115 1,1218 11111;}!111tersmt arthogmmiiy with 11111: Clip end

aflmunrmwdating part. 14. As sham? in F18. As. Shawn in FIG. 3, 3 {:11335.15 5 {H‘e‘iv‘k‘led with $51

pmmdetector 16 as; a photormtegnmr is 11-10mm, 1hr fixample, by maldfing, am} the 9130101113191:th

15 is {:(mnacmd {:0 the (3.31.1163 Y: 5.11.111 a swing is ppm-idm at {11810112911111.1351 mad. A. 1:11;) 6 is attanjimed

{a prwent the: fail.

.113 51111311511121 F113. 3'? 2m opt-311111;; 1. 7 ,fm’ receiving light 15 prm‘ided an {13:22 iawer 35111131113 01" this.

phm’m‘ecepmi‘ hamsing 13. The 1101111 3 11233111245 the Shape and smutmrfl as 51132in: in the figum is

easy m mafluflactm‘a if far exarr’ipie, the upper part and the 11111911131": are. framed 3511;331:1151}? and

banded together. 3110150151“, 31:11:62 ‘21-‘1‘1'1‘: 13 5151313113. fer a combinatien with the Eightemitting bad};

with which 11111 101311 head 4 memisned iater is equigpefi is used for aphotmeceptm‘,1tis am:

11111111111 {'8 a 91113151511111.1312 A3 showrl in 1"K}. 4, 1131!. 3:119: 11.01311 4 113:: a fiui'xstanfiaiiy 1'1e311'113111163rica1

and, bellow fight emitier hanging purt’imn 18. a 1:11;) and. hanging purifier} 1‘5} 511111121110 the 1100:? 3.

and, the (flip and Musing {30:11:31} 19 having an axis perpemiicuim‘ {it} the 1mm £1. "111113., the

111512111031 partim 20 011119 tame ‘? extending {D we sicie of the Eight emittmr Musing partion ‘18

and 1115 cmmeciim 130?th 21 in the {3.31316 3359133131}? 8 extemiing in 111?. appesite 51:18 are

Gunfigl‘u‘ec}. As Show") in FIG. 2, £111! LED 22 as a lightemittI-arifii11131313963 in the. (3.1133515 S 1332"

maiding. for example, and connected to the 12121131125 assemhfiy 8, E1116 the spring C119 {5 is attached m

the 101311111595: end (if the}. Zigim‘ tamimar hugging 18 "171.181.1115 a #51:.) p. A51 511(111-5151 17H}. ’18 an

awning 33 11')? {Knitting light is pmviflfid on 1119 wafer 31111396 (3111111 iigh‘i 611111218: Emusing 18.

The {3.211318 ‘F 5311553113 thmugh the imartien partian 211311-111 passses through the connecfiim partimn

11v12~2€11§ 5

819



820

£2 .1 3111:1155 gathered. as a part {31 the. {1.311.115 asmufijiy 8 1.111131% the (:1t113n.et:i'i€.m. pif31'1'1(}fi.?.1 Further.

as is wail known in the 1191.11 01‘ puke-type axygen cancetm‘afion sensars, mm 131-3383 01’ 21.11133 22

are. used as {ha fight emitter, but the. Eight emitter is not iinaited to LESS. and varimis types can be

used. 1371111131121} {.1313 11231111 £1 can he. Infifltifafltu[Ed misfly by farming 1hr exampie, the upper gmrt

and the iower graft. fiepaz-‘ateiy and 13311111123 them tegethm: The schmfiis 5 ificluées a top 24 fin"

nmunfing cm the 110:.1113 3 and £1, ahaiiitmcked13011}; 23:1 {tom'sected m the 11mm 151618 thereof, 3:311

a flange 2? having an npening 2.8 in ma center. A gmmre. 2.8 hafing a fie’miflii‘fiftfifif 02.1353 59.9110?)

fur mauming the Game ’1’ or the. cabka {1333;111:1311 8 is farmed 11111151er 251. The 1111213513 6.13

attached to the hands 3 and 41 in such a manner 11-m- the 1.30:1}: pm‘i‘im: ’25 is {1113111111311 1311 the.

1')§31)US§’£Q Side af’the 1:11;) and storage pardons .151 311$ .18. 2111611111). @1113 91111131} 13a 0‘? the dip {3

mutilated in the 131311}; parfiiun 25.3 is; dipped. It denies n01 interfere wiih {he 111013131ng in the em?

stm'age puritans. 14311:} 19. When 1116 1:00:13 3. and €1- am attacker}, the mpeflings 18 and 24.1 61‘

the hoods 3 21:11:14 and the {spelling 28 are angled with each Gather. that is, the. light emitted fmm

the. LED 22 13213595; fi‘Qfl‘l £1113 apeni‘ng 11')“ to the 1311151119 't'hmugh the? opez'fiflg 313‘. 11111115 state, the

fight 9.1111111.“ng- opening .18 can. rehash the phmndestectm‘ 1S thrrmgh the. apening 26.

NeedXess m say, if'at. 11221531: the in'mér wail surface 19191331211 :0 211111152713: (1f the hamd 4 2131111113

(111615313 5 attachafl m the 1mm $1 has a surface pmperiy in which fight: is n01 diffusely ;"Esf}t:%c;1m‘it

the light :‘eceiving pmperiry is ill’lpmv‘ed. 1316. S is an finkm‘ged secfimmi viaw {311119511111 .1. 1

3113131136 in the band 35113111131}: 2. The stud '1 1 has. a 1101103»? 3311 {1111111211 1'30113’gi‘1r‘fis‘3n 31} pi‘fwided

with a grcgjecting annuiar portiun 3.9 far snapping {11E 6113531515 an the mg, and a 113::ng for {min

1.}31iWEEIi 1.1113 adhezaive partial}. Q and 1.118. Lil‘flh‘iéci’iflg tapes pm‘tkm 11.1. Part 3 .1. The. (fixtm‘ diameter

of the pmjmtting 2311;721:121? pertiim 35} is siighfly larger than {111: diameter of the owning 21} {31‘ the

chasgis 5. FIG. ?‘ 15 an 1311131“ng crussseciizma} View when 1.1.112 c11a5315 :3 is fitted to the stud 1.1

with the band. 311931111313! 2 3113111313213 m a patienfs; {1 agar or 111142 111m. A5 1:;fo be seen 13113111 13113

F1(I

figure. in atria :0 attack the 11:30:15 3 311131 a}. m the 5:11:11 1 1, the npening 26 at“ {21113 chassis 515

appiied m 11.19 mp Di" the trunk poriirm 30 0171112 5111.61 1 1 and fighfly appfied m the hoods 3 am} 31

fi‘um 1111-3 uppm‘ Surfaca 31.11131. '5 St] 1:112:11 {331% acige {317 the {199.11ng 28 gem (We? the 911311111}ng

annuiar partiam 29 SQ-caiied snapping. After mapping. the. mm- Shawn in FIG. 7B is Obtainmt

and the pmjec‘iing afiflukfi‘ 90mm} 33 9.111913 1118111511119 051119 chasgis {'3 having a 13rger diameter.

:11 W111 hair} the state which can ratifies (farmpir'zm‘iiwfiy freely amund. The mammal Hwy he

perfmmed after the. band asssen‘miy 3 is peeled 1.1117171131111139 patient‘g finger 32 m the 11166.

flawever, the edge. 0.11116? opening 25 1.11" the (7118395215 5 may be apposite {'0 the metrmfing annular

porfim 39 1313113153 or afttzsr the band assuzmbly 2 is 3331311961 eff. in adtiitiun, it is only necessary ta

app1y 3 111111! form-e m {1113 hands 3 and .4 50 213 {a get {war {119. pr‘atm‘ding annular pm‘i‘infi 29 13121

directi’tm afivai'y {mm the Stud 1.1. FIG. 8 is an enku‘gad pmspectiw Maw 01' a State 1:11 which the

band assemhiy 2 is attached is; the patient's finger 32 the chassis 5 is fitmé m the stud 11,3111?

the 1113131133 3 211113.121 9m- ai‘i‘acmd. £1.11: 9315111111319. 1.11115: 1311:1811:nun-{£33 {he 131151.313: 3,2 and chm‘zgfls 1.1.3

Qri’ematimz 3.11131? 13131119., fififlfihfid 10 {he fingezr 32 as shuwn if} 1311:}. 3%, the Uérieniiaiiian 011119, £31319}

353813113132 8 is restricted Tm same {extent by cmmemon with a manimr device. (an: Shawn}. It (16225

HdZe‘EG’ig 6
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nut. mauve mu mud}, and "the relative pasii‘izm with the finger 32 Charges. When 51m}: 3 Situéififlfi

occurs in the canvemiomi structure, the whip: assemhiy 8 interfgfes with the pasitiim {miding m’

the. 130;st 3 and 4 and the heads; 3 am? 4 are detached from the patiant’s body. Emil-1m: dae-

huads 3 and 4 and {he 9mm detaci'm‘ 16 am} the: LED 22 mmmmd {m the hc'ux‘is 3 and iii rmaie

‘aro'und the axis; ofthe stud I 1 SO that Stabie measurement can has canfinueéi.

in {he figum, 33 £3 a fingenmil Further, the {measurement(1:311th iii the same as that. Bf as

maventignally known exmnple, and {has the demripi‘imx {hereof is amines}. Almaugh {he

emimdimem described abm‘a miiates m a puise~type miygen carmxm'atian. sensm; the gjr’Q-Sfien‘f

inventinn can alas be 133%} as another medifcai senscsr and a kit fur {flaming this semi}: m 51

patient’a bady; Thig is clear from {he abm‘e expianati‘cm. {n fim iiiustra‘ied mnhodimem, the

attachnmnt (if the came T and this cahie aswmbiy 8 it) the hoods 3 and 4 is a ma attachment

calied a fix, Hmvar‘eves‘, far Exampifix a unimmaii jfliil‘iiuiikfi‘. attachment farm can be afiepi‘mL The
inmrfmrence to the heads 3 and 4 due if) the: mimeméem 0f the cai‘iie mu be ftn‘fl1em*edtmt=;ed than

the farm, The medical} semen: pu'ismutype {)xygen (tomemtratiim 53mm, and kit fur attaching flmse

SQTISU‘ITS it} fine pauient‘s bfidy 2H_tc:m'ding 1’0 me: gmsem‘; .invan‘iim; am, as sjeswihmj abnva. Even if

the: budy is massed, the wearing $33k? can be aCCuIiaie-iy maintained without hem}; affecteii by the

interfermce 9f the cable? Since the {tame can be muunmd away fmm the patients skin, the heat

of thin! LED and 533.313 Mil. nut be: transmitted dirflcstiy it.) {he skin, and, it. Wm be possibie m glrmiam

acuifienm 511th as bums: 1'0 the patient. 'Eecause i? can he tru'firkad, it can be watizsrpi‘swfed anti

vibratimrpmaf. ami iii-30330133 accurate menimrmg of 131086? oxygen cmxcemratim, and only

adhesive part3 than are 1.1m: 50 expensiva Since it nan be made digpasaifle and {he I’figi’ymst yam.

can be 13:32:} any rumba? of firms, even if the ms: m“ a single swam ‘increasas‘ the tam} cost whim

considering me Ema} usage is sufficiently raduced é BRIEF BESCRIPUQN 63? THE DRAWINGS FER

I is an expioded pfil‘S'pE-{IEWQ View Shi‘mfing am emmudin'umt {1373:91ka {)Kygm} (:m'xwrm'aHm:

senmr ammfiing to {he px‘firsem 'itwemien‘ HQ. .2 is ~1ei‘mssugectmmlView {if a fiemctm assembly,

FEG. 3 is a pizza View {A} and 3. buimm View {8} 0f one hand. FR; 4 is a pian View (A) and a, human}

View (E3) of the mixer Mimi. PK}. 5 is a pex‘figaflflw View 0.? a :tl'lasfiis, Fm. 6 is 3:1 E?§}}3£‘gfi?d QFL)SS~

‘fie‘mim‘lal viaw {if the stud attacfurrd is tha band amemhiy. FIG, I" is; an eniarged crmss-‘saciimmi

View when a shassis is fitted m a stud. FIG, 8 is an eniargefi perspective View Bf a state where a

bami aswnflaiy is attached m a pa‘iifim‘s filagar, a fihat‘ifiifi 3:3 fitmt‘i it? a stud and a ham? is:
a’iz'iaaheii

{Expfial‘iation Bf 831116301533 1 {Eat’eemr 'afisamhiy 2 Sand afisel‘nhiy 3 ‘1 Hood 5 films-is; 6 Spring dip

{is £116 Uf apriz‘zg dig} '2’ (3313382 8 {Labia afiSaH‘xbiy 9 Adhesive Sammy; 1i} Ci‘ma‘mctifig tape 39111011

1 1 Stud 12 Reiease sheet .13 Fiwmmcepmr starage section 14 Ciip and starage 'gm‘tion 15

(I'mmectinn partigm 16 Ride} dei‘ecmr 3.? {)penimg pififi'iflfl 18 Ligm £§§I3ifler garage portion 133

Clip end Stm‘age puflmn 2C! {martian pumufl 2.1 Cannet’zt‘i‘ml partim} ‘22 £333 .23 {399:}ng puritim}

24- Tap partisan 25 Eody inm‘tian 36 {gaming 2? Fiange partim 28 (Emma 2'5?) ijaamion sham.

11v‘i2«2{31§ 7'“
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Anni} £211" part. 30 Body part. 3.1. Flange part. 3? Patiem’s finger" 33 Patient? fingenmfi

1142~201§ 8

822



823

JP 2004'329406 A 2004.11.25

<12§3$§§$fifi€1€8 {127322}? 522 ¥§ E 11% fig} (11.:22222222222222
§§§§2me

WW}
{4% flfififi $fi18fi11fifiECM. 11 23) 

MBWE1 F1 v~v3~}€{%%)
$623 fiflfi A633 5H4 310 ZGQSQ
Gaxw 2&2 COiN 322 z Azusa

 
 

 
 
 

 
 

 

 

 

figgun: iii. .1}. fiflfiil“Hi: 7%???

{a2..é£§/\ 230120022

ifitt‘fi iiifii §§§§é

;Fnfit: 2M3 32E;-
#fii mm fig

Ugfifix mm&m9
2&2 mm fig

wfl%fifi 2+wr wxuy
fifififim&ififi2—E7A9$V$b
{if} :77 1 D 4

$4} {3235320222} Efiififi‘: 9“?“ NJL/Ri’iéfifiififik C/"i’h '3. 31.642: V'Vé’fifiu wwmfi "3-H“ 25 #:325222- “/ E“

(57> {22%)}

""*“U:1/1’2‘ ngdf£16a"?{SEWL 552% V {IE/Kiwi?

1: rig/”ffwl i535“

kmflffllfifixifi%&2£éhfi%7fiyj

1,) 111; 2,362 !~ U V711}?ENG?» WSL51475),"

va’chtfu 2 meta/:3. 42H42<7’«‘z:/7“U Hi.

-fi®nv§yhPE/7—%% 41CflBK

F1323UT:

H 

 
    

 

 

 
 

 
 

o )\“/}~7'E’/7U2£i1 H: v

ZTJCUX’J‘r/Fl Mfg/{£01 (32’

fii’bn ..Kfi'Z’FIHi7/7"“F

   
.... X: 3 \ 4 03m

(Big-‘60

{wan :1 1

 mL‘X;&J i‘ 1 00122 Tnéiifli’gfififigé

823



824

(2) JP 2004—329406 A 2004.11.25

 

 

-EE®EEJ

E1]

m w! Wf.mb . .. 0T2fw3%%\@VMmW$K

<E2Evak2uEEL.tyEEEE:EE~§HEEEQEWAEE<PiEW

Li.1;0)7'ii1r‘?m‘ 5 E51 5 1313‘ n‘fiEE LEE/Yo E: 2.: E‘Wfii’a TYEEEEHJE /+1 Q

 
 

'v‘flzésL-‘T2 E;=§':1I‘r~f}1/IE EM‘E /117<11:LLAJ<1FQEUMHW1

iffiéi EEEPEaEEE/fio 
EE<¢EIEmLEDE‘EE<E‘1E®EEEWEEL “EEEWE:::7E m

“mafiawEE<EE K®1~7wz: Ewm “VEH7EEfi®%$“dfl<i

:HEEEDNJHHEL"E CEEEEEEEEEmE/fio

 :mEy"mEmT2EEE~7WEL1fiEyfimw EULwfi

{‘79: 11:1;12 hififljub1dfil‘9fib’i’TZEEI: 5275’16‘I~ 1"“1&2

{H1171 5}

E‘EI‘rri’WiJEZ/fi’o

  

 
T ¥“H%¢29& IEZEDIE .2

EEEAWEEEWNE<EE 77777 Aofiw7mk5' 2

"<EQEOMEQEWWDWUW*EWELTZECEE

:zfio m

 

 

113 6 1

50))\‘ )L X310" " Qi/

ES! ‘9 111511111321781 1-D. 1C 1* 3111 E EE 1:: E31 @1316)
 

*1? 7]

535 17:11 ('3 071\7¢/{I1.Ex§§"’f

E‘EKWOHUQMLL LTZEZD'
  

   

fi[:’ld‘j&xx 13% 8)
E} l11707)/'\}L.7\ 1 EEEVE‘ME'SL‘YQ 14:1" 1111\11173‘M'3” . ,. E

‘1fliUfitEdE£9‘< ' ” ‘ fidmfiflkEfimwnE w

‘ 53:}: ”WIT/“110  
: f1”: ”3‘ 0) 12$111 1': V“at 7“:1i?” " 5 1:22» L: 80)

£\Z§I¢+¢Ek£i/ULOU 1395*7/115’ EEWW/UL’XIKEE. mailiifiy'.

..1‘_VJ/]1U}/J‘bfi‘(l)1‘1’1'ju-1‘EILE.) LIVE7.) .: EE1€¥111Efiéfl/LvKEfiEiiil.‘

5151:9113:

' 11m

 
 ‘Qt

A. ,4 if (A V / \«4v >~

 

  EEEOmNEXfiEEKEEVEOEHHHEvEKEV‘2EEWWJEE2Emfl

'EEMLM XHNHEE”bmfikm%1flbu1 CEE :EEEEEEEA»

' I‘ML ./‘H”o)13(“ 11 3?] In 40 

 

Kirk?

' EEill

1193121111 1 1;: D L 4 0) Kn *S‘Vr‘n’awU 15;; E2 1511 '1: V *1 :E 7219‘: an 11>: 1151’ 5 .1 DL .86) b 21» d) IWR

EEEMEE‘EE2Efiwfiw1fiEMAityfiwE,fl“10HUMEELKEE

mwxEE”‘EEyE®EOHHEv tEwTLEyEEEN:EE®LED2EE

EEEEEEEWEKWEOHHEEEEE2EE? fumEDNHEEE LEE

VEEWE9E<E£EGRE®EEWBWUHUE LTEE 'P‘“E EEK»

' ‘ [1E YEW}?! 0171111“)! E o

::q

.1E11WMWXA1+*L ’GHHEWEKEOT2

1.31M?FEM)“ 2 111117~7E $133: EEEEE £3‘ 2’1”; «1111.171

  

   

  
 
 
   

 50

&4



825

(3) JP 2004—329406 A 2004.11.25

5? ‘7 1

3R 1:3 E 3]
  fi$m1Imnwxgfi+fifiCyfimmGflU?vfawa.{EMHH{&N

7‘7737943‘WHOJEM’C4:875:2727‘12)? AIL/QUE: "-E’VWU)H>ZOETJT—V 

I‘m

[5141221 4)

$fixiixm/wpzfiy

fw7fl0fifi$flfl$®£o

 VfiUVMHHTVECK( tWWbfiwfififiz

EéCaififlP? mw2nfififififi‘fim”fifl

 E E3173} 5}

WWWkOMWWWWéh:¢7fly70>1WERhUv7MéWVkMDE t9f
7032\7137 ”(J.7 bfi/Z’N’UL2X:1E:f"N,féfiyfi"(*§>-i)’t.fifibréwfiDQWEfihéfl.iE *7fiémufiv*€.

EWWMmzk‘7UQ 9t<k£

hWWKWWLtEh9 fi—F&U§%%f&\.

1% EWW®WWEWELfiWfiE®9—JWC1W

may.‘27UUMVVVW®#fiKWUWdE?fi

U1 Lian 1/9fi2%11%ltflu$\wfififlaKWCfb.

NVFTt /7Ufl ngwyfi<k£ Wfiwfifififléflb WWWKWK<

 

   
   

 
:r_

 

 WWW
fi-

ti

31"?)2 “)C’J‘Xf‘z‘y Ffikf‘rfil’w €5.15! ‘7 Fifi?! §< 3%79Q3i3ifl‘EW-E H’ix‘m/L1

deg/bfi1LfififiyVVWLEWU%EX777i®Ti%1fiafim_?%§

WQWWWELCWZC %W%k?%fiwzfl&$ i 77c

[m Iéim

fififilSwW

fiifixfivF

BE

[0

I

 

 
 

  
fix

  297%NMUWH gfuxw21  
lmwfiWCWm)

O O H

fiwwfif%h1nh}

WfimM1ETD~mh. ~ »2

CVVVWC1E”muKKW WWfl/fikWéhQNJWWCIW2

Bflyw‘fjainufl’fliikfizUHF“ .:®0)$‘V E‘l-ZWfiWfiac

[000m

UCCJH77}

” ffififl25h1

(w%cm¢fi“

 
  ~2JV’m110>EE"3§’DVh 123M.

  

 

 

  
 
 

-iWM1WQWWWYW“V%MW'

' V '137 .v.. 7U@1K;B by]

7: fii."f:@h‘#¥f52 1,7210“?
-'1l:.zt‘§3‘é 17.03 €r~ 7 71/77 ‘ I

V701 7°T‘1—7‘C2i 3§1Cfi<7>2u7“ 7EE§L£®0 iéfi‘é 21:53.1 E,E7ié;f'7?f"17‘£23

< 2::07}E"'9/{71‘*F(LED) L ' DJEVLMMJ‘J‘E

HEEL A .325«J:7E1** fixkiam Lfiéfi74z~

7“ 7213?,1117 0) 3: U.) fits 'V IL J) 15:1 33 7: ii 53.: {977" .

Wmfiéfifi $fi®$®fl1flm.fifi1{w

%7%5“1W61nk%wfimifiiflwWub

@fifiWKWm? 6

{003“

CE: 327::MJI/12'K

1%%WWB

Z13175C‘E‘7

iimfifiw

 {I folia‘: O’CWEVT'IH’SWJ1 7°U~—‘7‘®5$§7‘CE$75‘WH:E L7":

&5

IO

40

50



826

(4) JP 2004—329406 A 2004.11.25

 #JJ)&§<03154€)MUWIERL~&&%/1”}&W‘T—/9C )\ 666:6?66-}”‘ :;

616,2.“,L’Lifén. 67M, ' 1 ” x\»‘;4«<‘2‘x’?7f’7‘-E

6656666‘fi-6zwmmmmwuflLfk6i %mh666<tmk;afv

66;0%Lt 666n$ummb6mbkfififiw66KkMW :aémmg 16

EXAV¢k®WMiWHL\C®K5C§5M1\Wifififimtfi6#‘%£E/k

“7"“7)1/T-~.’S’ké~i3Tfifia)m§f§iqflfl3¥§§f’i§§3-~'

[Doom

[fizpjffi V Tépmslg}

:wxignwam‘MW*fiwfihdmflfiflfififiéfi\

6L<66M£66bfi- ‘6

Z: L667 71/0166 75:60:67\ LE: 36632156;6066616
6i066666L\UmpiED6666L66®6 4

a '3‘LCLi‘5E, 6-71wf§:fjwfvr-0>”abhééEEo.

Efimitoéfimflawgmfimfi<kéoLmho T\ ”WE 6m

 
(

 

 
 

    
u, imuwfirwififixk

66%bmb666 “EKHZCEKHU/710fiflwmzmfi¢§mggéfi

fii~ 'fngavamaummdgkaogfifi» U6)$WTED,fiE 

75‘6") 0)i76‘flfl46h'”b‘%;’f: ‘ Uififlwrfi '17:?Wiljijéfii3bfi 6(66’69ELHH'C5C'6‘59

Ex 3E6¢£§3 «0)536‘2F67’C’WJE’1Léfi“€bi§5iké’i§b\ :IZEL‘. “6.561633: 3:55

 

 

 

[000m

66W6 666L‘fl“ 7lfiamffifi16L6

\mwx: :nbE:666%m66m6ouwzkm g.

 

.6 9/661:\ LEEEEE§UE7E£§§6§“§E&MC\ E36i:f"‘f€*b",§l

w26: , ‘E\_ fifbuf\r:666«® 66m6%»t%w6i
7“ib%-fi:\ 61V666{75§\§64r—”6-b: ,41450664’1‘72<<2:£#0HJ)?”jfiib‘
0166566866};L/'(&6:(~%#:1?6E6‘%a

[000M

‘ 662166 Ewa

\ EEC 6 71b6, E:

fiévrfififit6éo

{00 ()9)

 

' 6316;116le ,‘Ufit/ *i‘lCZ‘SLVC

’2; 75296611» 4': HI‘d-1 HIr-iEl :E‘X 7) {TE («7 “C
   

   

 61531lL‘{7‘§é%U)Ei iiEEEiB/Tfin/x‘ci‘F’f/tébéi‘ {12?22< tixl'flEUJL EDLE‘ ’J/WEK

<261m66H66pL\6i6666 ”:9£$“®%fi%®mfi L666w  
  

5‘1/‘'7‘“7)b€«253§6}fib‘ iiii'b-Hjfll’é: M6301?” DIE< L” E60361L®7§ifl7fiw

6aLffzzt666a66c

[DO 1 O}

i5..Tf11H<.v,:/§¢g 961‘ LDLHH ”155,124“ cisfllx

\ i;§‘E’Ff~—‘]‘)D*fl LEE} 1‘“;6"? 61391066666 S“-4—.

fiéCt/E'Wfl'xc’3‘é~

HQ ){”+7

1
(-6

6"V6E%v1

hifim'604w
  

  

 6 HQAHX66666L«66\L$H666666:m*‘160666

6&\96<>6>HOL~ @6L\"fl%%fifi%tLED%rfi§%m @666

' 3% 666 7M6mL\66~f6666666696<66~9£iw

6066m6tuf66 236668660

 

iifiWEEfi6éfiwt \

‘a‘iityfi6ml: 667

76"?) 0
  

&6

IO

40

50



827

(5) JP 2004—329406 A 2004.11.25

NBC; Li)" EEBNIEJ1P1$§7L®be

EX ifiiEi /fi¢JEN$ WI 2 LEE;z;
 
 

 ._ SKIE12” U)!§2b11fii§§3¥?%:.f'1‘%1‘

, EZ/“j‘lfifikb "”393571’7)‘ {:3 i5? '01 W Emu 73‘} MO) PLEWLIEIW 5155373 <

QQEWQLEDWQL1WWIAWWmWWWfiEhW/M/EhmTh6:t€%

Wfifigo

£001“

,,RIAQILHa£méi i336EFKI’ZEEIBZW'Ed’Cébi-Q. 2253I121 1 tmb 4U)L\’9‘*z'1b\03f2§

233%EEI4E7WE‘QQ‘2’: ”*2 " \f117b303A11/7fi9323éf'iiiifli/fi‘a) ESE/W—fjl/

if. WELD/21112:“ VWLCTL‘7;< tD::::“JLIIid)./u2rJJ7‘J‘EJfIXDI'iJ‘HWE3E3:LT

té:t&%fi’*éo

[00 16)

.TTEE OIZWRZQEDESK‘ . 2:,1 6511\njilt1qwnnifwg 2g}:

" “ff/DEW) HEWJbE/ZLBLW'CE E ~7‘I’vaim LEEth’y JCI --4W1E\(«.JIJ éIROH’HLI‘ 2??

IS’IEUDECHéEEIETE EXQE HC""” Cki’gég‘fiké‘g

[001H

RMEKIIhHW’WwZLWWW' fi0fl«Mh,7Em1imdi%%i&3%k

b63122mk12212mwIzaamwfhbwfl“ bitVIJIaEfz‘ E NBS 73L L 80)I\9«i”'73\0)

7\1LZI\‘3A+2HI”4’L"1722‘ EEWODJVIL‘XT‘SBMAQQL' IIUHfEHE‘EE H1 I) HUI“ fifth

(1":a”Ia/XIKQEWEEa-zfif'b7*703331‘.)Hw’vr“x E‘ECFSL‘T1‘fi3/171EXEW75‘xi‘fi5/[DL E D

\kfim%&\fim7 WAWWOMHTPWWW aflW*—7«®WDTW%“#

 
 

  

 
 

I'i‘    
  

 

  

  

 
 

  

Lm/J*$%~““ 2% OULmnfimuWUchLLT@&:I£%WDT

ac

[0018)

H $112kva 3%m1WWW120HWZfiWIWW

fiyfiwWDMHév» 'mmWhH fEQfi1flfif~WWE

WGCtQWWa?%D

[00 19)

: WWIBKW «fifiék®t.fifimliwmwxfiWWWE

WWWDHW 0NH¥PfiRiw7WDMHm®£QWEW  
2: P?g$i§'?§15: $353

[0020}

2 zgl4tW%%@W

3_;/ a—a)r1 D fif 22;; v 1‘1:

(.3035: 13245371.??er

[oozn

:d)m£SE%_HwXV Qfityfifi L»Hm#émé EWKEWWWWW

WW.E29QM¢2Q/7ua Ha uxfiMWWWWWVWTW‘7wnyF

7’ “123/7 I) 875‘5/32 b?\I1/7\*\Er ‘;3§i§z‘%r-:+’ .lipi iéB‘E’Inyb’Hfiéfi CPU-3‘

 E €WilanhbxfiW‘““

'0fiHWWfiXQv7WbHHW®WW®£w

$222 if? ‘1‘

   

  

  

  FEE 0) 5} {Iii $372152 ‘35 "l E .t E§Ei T51" )‘é 2‘21: T 92:23: . EELEEEH11437 "7: 3/ 7 U 1‘51 1

1972: < : "BéTIJ’UD/Vi' 9% ’15. 1 EEL’QWE‘EQ) “ L {WW EH1251 J‘JL-‘EXE L .1”: hfi‘éé’l’ 1’

WWFFLUrflréfi'fii‘fl‘k. 1,:EEE***3TULU>I\‘§'S)Z/’ ’ ' WtLbICE WE  QWQWDW

HELhWWWfifi—VWEEWWWWAW , ..WWW2N3L1‘?WN@A/

‘ €7a)#’)‘ji:"?)1’<3‘b‘fcfii EE'W0.J"f—~7.Ib7’—’J7“ .. WBEIL)‘

   
   

  
V ‘ . mwnyW%

fl%%1%dh\‘wi‘%fiFlm LEJV/F712y7 WWWWD®E<(E%WWH*’%

2n 3135751“{EflLJEIJLJIVaCWSEBVDODXJYV F‘ -\ £13237 F75WV< 2::3

00581222711W’Im7h ETEBMI‘J9L”)0) kgfihaf’ ""2:'Z<5?‘:/ Erufifinifi‘fitum’fifif

&7

IO

40

50



828

(6’) JP 2004—329406 A 2004.11.25

\ .."LBW/137311 F115? 79%:

. )0 ‘ECESD‘K. .EZECM'77/
E‘U/Ié't/fin: {117911121355L'CfiZQLKEEEA/fil’iéij’éo

[O O 2 3)

[WmmWWmWWl

EXT: EEBEEVD 31,311 0371/1}

Lb i{LI'ZEbmeHEaf’

galyfiififlHE’EEWE‘E/E

[O O 2 4}

  

  
BM ’v1'.!?<§‘537’“1:1¥7NJDZEWZZWEEE ../It’*mT§‘ 11124137230

ENE/EtonwL/{IEEEI 11%;?”11/1113: §E7:"1?E‘ §Wév<kfimfiéE§5r121i.71Z‘/?7"}I. \

frfl/i E117 71mm awn:15217 13?"?{7’6071VF7’42V7’U 21. h‘E)EEEHJ—CLTEEU\ 3E

“"L:171<73‘8§<1‘13 L/:,:WEUDQ‘E ' fiéflx ’EhEFE/‘EbkffiivcEEEUD’EJBZID E

11*.“ EYE?" 11V 7‘?) 1 1:11;» 117’11/11" ZEHVZODQWREHE»: 5;) 1211111111531! 1‘ 1131,17“:

3603-431? LL/‘én.

Umws]

WmWTEy701@\CEWVU WWWE7A/z/hzn

Ech6w7~P3\ { WWAWTENMW k®®9W—95\

('1:\')/‘E’—“I/5»7‘§.’7*'E:3: 4W1C'E'11 {#11117}. é7”:&’10)7<71}"’§’}/'.}v7°6\ 6i:
4WWWWWEEEEEEH1 mmm1~W3bzflhflwfiw7WTa

\flfiWWW%:aWWWWWWAw jEEMQEMEWEL 9fi07—

'fituwfi®b~7w Wy798_#BW&LTEEOE$7~F3 4

11‘ 1:1,:311E111$13.;23171/“1‘OJAB 51-j1.E’E72,11H\'C¥3fi/i‘§‘>§o

 
w1,»,

>1:

 
 

93;“ #flw7—F3\4

(:1Wm 

 

 
 

 

 

7‘ 1} 2 11 3515331: EH531135715 L.» THU) 51 17$ 1: £113 0 1* 1'1'111E32; 1E}?

. 9&\%@fifim1hbfifl‘%9$h%@®fififfljm10L

“SEW—7°31“ 0J)F1fiE5’C’71’51£1‘FL/'~1511”Lf‘#x10),:7\17 :1) F1 1‘

’mEWWW‘%%mwgv ‘

13111117‘52511’5

   

 

 
 

 
 

 

 

  3 WUIK LWWHVWW

XJ/wwcL ,, ’ Céo if:1ii§é*’7“—

1E/1’VCFT3EQLCEE :' . .:3 {H‘EJQ 9(1)fi§0i)"

1111#1431175:“??? L773? 17‘s}: 5 1113’ " 'v :, v , .1 1': .M {if ISL-1‘ xifirfif L}; <

’Efii’v‘ 9 KGZVE:111:011‘71351/33E13an ‘- ' .11i'2}fi11@{>®\ {111.1%
‘L 7"1’777 “Th"..meY'LHL Edi}: \ £94}fv1§3m5§1‘:5’i§‘

1311/3)
  

L

:y&:~%7

TEEfl9®%’

[0027}

@Zfifimw7EV7Ulwfi

4c:7-F4aflFWEICA> 8E

 

   

 

  
[002M

WMiWT EL7H1hfiw157—F3m\fi.mmdi K\W¥M&T1”W”WW

MW 3&\WfiHfiM”\11>/)WJB®%J6aEWM?é UvWflflm

$14L\7UV7%WE%14LMmflEZ?é$ mflu1H~717m® 1 
N01SE”B%WLT®@0’E%WML amuu\m1, ._ 1 . 1 Mm&17w\xi%W671

VtWJDKIYfi:117W51fi\ ”V57?111117117?7211‘77 '77\
1

 
 

 
   

fiF%KZJU/EOUW/b,%fibf%?mbhtf

(B)Kfiv15t‘ fiWflWWiijmaz WEWmWHW17

EEIED1JEUK\W%@7MF1@\W atm’7fiaé '1

twat ELTWWEéflw“hfi%1150 ’t§:w LufifiWé7~ 

&8

 
 

 
 

IO

40

50



829

(7) JP 2004—329406 A 2004.11.25

RENE/£637bit 97ng774%”‘sEJEZéEnDE'EJLWéCticfgzivw'G‘ 72‘ 7717-7

@umfiiéhawn

{002M

Ew7~F4E W4EEEE5E\E¥EMLPEEEEEM“

WU?U7.HWR%$L19E\'7J/7HEH%”> '

a31809@RW6%E~7WT®WEW’OQ\€®Ffi

77"} 8v’\6’)~§§ f§{$21&:7’3‘%fi§§lifiLFCZ§?§/3 JEEMSLRM71434 Sikfliéi :7 ,

\ 7L7‘L'E.";T6 E D 2 Zé‘é'yijzczfvE—7LWEEKS; v") :7 kw—v 5&4114’» LJ'C —7‘.7}/7

h/7UbLEEEE\EFEL7Uy:77U77bEEpZETLECLTEEE

EETCEXIz; (B5 3:337:31“) if“ fififiwx-«wwl SUJ'E‘IEHCLJ\ EEEH {”5967fk’)“f+dfl

E23 EEUCE aEE\7—7w7EE{E20EEELfEfi$91m7fib E

“3:3621LU§ii~“’5‘(°€i'/.’—7‘IL7JCV71}SODEmELTEt‘a’fCEZJO Efw’éi’iflxé: LXI

EAEAME+WEEVEmEELnVTEEWE K\ZWE@LE922&@%?%

:83'7'67‘fi 1157735817 61L [D'Rifiibém'é‘ iilz‘JHH/J,HD’” a 3‘3qu ,7

*1: 4k‘: 'Db CHE {W LRhI—‘UIL. !\ Eb3’ 7‘8: W£ij ()E’ W.‘v 1'150 4‘39 4y®iiibf “"Jk V9} ’3 1C.

"afifiTE‘EEo

5(U

 
 

 

 

 
  

 

 

 
>

   

 

 
 

 

 
 

  :sE 7wP3 4 245‘?“ iflflfiwflz
“R7“‘767fifi 7 2 avam 24Efik~7

25(1‘5'3‘1 47*7f’i‘77’écy Q .7; 7‘ ,~Q

my» -E
477‘ C"

7

9+ 7
2,873 XEDJZL’CJ) 

 
 

K
‘171'
E

 C®9E~96&7“F

190EfiW”EE7%3 E25WK

#7077%J%d14 IQWE' ‘ZEEEEEE’

P?“ HIKEE lT‘fi‘Pézx‘ i7~F3\ <1uD‘“""%‘§31 6» 2~

V \ 37737337?,7 L E D'7 275 MW?“ 7)‘L7J‘fihi1‘5‘171 6 75‘ f

ftfififlgfll (MEMO???) 7 Zh‘fifiUZ

 
 "%0%LT7—

“EEEEENE

$$9TW%“

"7f116’\}§‘3L   , 7 '3 g

EEKEKEEDEE\@fi<L£7—bégghufifififi wrkfiLTE

<k WHI£3%:&@Hi: “9‘ Z371 53:1m 3': 31:3 73‘ ”3L R 951‘ L» t": < D 11%”? ER 0) E 0’) 4: L ”C" X5
5

 

 
)CMOWH*Eaw177F11wmeEEEEEGX7

Nawxf77fir75Lm®EE“'azgéfiitmfifl

“ “ 7%30k0WKEAC: @%t@®7777

uflZg$flEEV7~vsmEn26@E&bEfl

  
EHfibNUkEEEXfilexmvavs

 

  

EE“, 73 ,6 f 6bfi§$vK\7~F3\4%177F1

lfimhqf&mk\beyS®fiJ2)KK&/F210W$SO®E%EETWO

C7~%J\'VLEWEBE<7EEE\VE~>8mmesmEfl-EE E29

EELEEaio'E xw%@QK}7/rwbfl5uKf’kamawm7(B)

(171:6 £69811 )\ 'f‘JRfEUMEZ 9 75"i‘flc‘l?) Effijcfh‘/J *‘I/ 5Q:"1Efiél7xz’éf’ccb‘

. ,, f: 7 — If 3 \ 4 E 2 7 7 F 1 3 J7 art EONE O ”C Lt E 39 :23 m 2.: [iii

*@\TUELE\N7F7E77UZEaEEmE32EEEE

umfnxi$v0\fl@9w6€E7* *EwyamfimzbmflwEE

Ewn\x7/}11mb%mth«E&m;E29EEULA3

4 EC Eff 7‘3/‘81fi‘c‘767367'? JLD

 

  5C “/ 4:- “7 L 5 73:37:L-/\/}~Jt"7‘UZ/‘i’dé)fl 1

7 E32 \M7(A)®

(if

E1”)Hv}’7”:f§‘ihu§fl'}i‘#343327 Mil

 
Wk)

&9

IO

40

50



830

(8) JP 2004—329406 A 2004.11.25

 

 
 

 

itflbfifikfi 3%mfi3 wfix ‘i¥‘}4ck$§a\9~“»7

Sum/LL 210%,-94' ‘ ' ‘fiéifi‘ff§"“" ‘

< 53:33:13639 4 £333 2 EDW 33.3, 2:430); Z “

\7H7‘JD7WZV7U87337HE: ‘4T‘zifiai’ ‘
:h\?0)i}‘$ifib%5‘1* ‘L'Cbi; , :‘LMDJSLXE-yfil1DI=IIH~R

HOC7~F3 4&04ng K3 ‘77?16%LED22$E%L\fl

EL353: 3C34 4&8“33M%®mc%4CKECMWW§EDMTMW%

fiflfflLhTTEéUC fiwaéw¢éo
U)

7E: *‘o \ L); J; 336 '33:;

%%fi%®m®{

Tfiv

 WC“91‘  

 a
 cg &W$idHWXA&%M£BL*“UVLD£)T%%fixfi m

Em U&\Cot/fififi§®%mkflbflfi*"@03vhfiL

3 ’iwam3444709?HT”ZIW%”M7~
 

Z; :: é: 3&- M ii I; ' 3' IF: 3‘8 60‘

  F34 4V\'D’fr~—7'I7/ 7"“7‘1'37 3’7‘35OWENHJW C. 7\-*_7VI9 E>M i‘“

EMOUUCE/g '. “' “ F. ' if ;" {ff-36:32?“ "Lb

 ”331% CS?) ‘3

W325 “C33

[003 5}

[fiWJHU¥}

$§Wfpéffififiyfixnrlufi mfifiyfixchgkyfiéfifiwgfimmb

flHé tmw4x}1 fh hutwmbfékiat%mfimfi,fififi¥§JVV

3311372;MP9"5-H: '3‘“ )Ibor)4‘~r)/"ngféi'_ "‘ ‘EEEEK fi‘fi’635‘ 3%
WE? H

0)

 

 

 

 
449944wwgm kw:4 4 C&K Léctfifi<\

413% H: “P7 .. 713/333: 3 Ii [“9 73‘ b 721/0??? 7‘J3EZIF9‘

ufifith %M&#D\%fiflki%§4?®%&»m:gfiT34gatfibxfi

'3’é'f4i*“03"”»N:?5:$:~JL»52331“ $431-$334‘*'<{L SSiEft 'Céb‘ bflbiflfififia

    
 

  

_ E39

fix+’£§§40)¥”7‘377’73’Wfibé.CH EEECCJTEMEEJ ’1‘??? (iifi‘L‘ii 5&3???

bf F§3¥3XkTéfifififij‘viflwv‘giimMELuaL/UTM #00)fibflirm3w§:a—S~%
+

I9 \ ~

{I 7U i: L'CLOZR 3753,3133 dim < @331 é“ 43143333 ”if; "m L,;*:I%{:3® 1‘ ~f¥ILI:! X 3

Wi%7i< '9’A Wi?‘t%ifi¥3?'ci§ 741;.

  

   

gm

£5)

£7)

Ufiiflfififiwxavivfi'Wdfl$4

, Em494409~wmm 40

[218) Fifi“:.:63350:)“ fiy7’1%fl£0!4w\ 2'7 F.'::‘/Jv~i/Efifzif%bf7~F

3WUHH #wwM %”&

[R%;J)$Bé] 40

9m'WZVt/7U

Jin} 31/ 7*)

,4 7—F
vL~v

Z7U770U97

a X7UV77Uw“‘fi%

 
  

4;,r3 

“JEEU‘ILONP—J
OO

 50

$0



831

Hw~>---4~r~
N[\3[\3h}f‘.)[\7[\7[\Z‘
L'JLOQJNN
{JJ

 

#wmw
.1

mwau
M“v

mJ;LoN....O
 

$W9~k

Q%%W%%

vaffiwmfi

ifififii

715????

E $

%%%fl%%

fiUv7%Wm%

WE$

fififl

 

 

W

{E3}

 
%1

JP 2004—329406 A 2004.11.25

IO



832

(10) JP 2004—329406 A 2004.11.25

 
832



833

(11) JP 2004—329406 A 2004.11.25

Vi? H—yxyfy

7%0fifififih07ww:7Mfiyi%y vaNTFfiij 2713
UV? X&m

7xuwaflth7xw;7M7uykwa 7w~k~fi°f$~51

F §*—Za(%35§) EGOSQ AA01 AA06 3833 CCOT DDE3 EEO] G602 6503 6608 KKOS
4C038 KKGl KLOS K107 KMUG KYOB KY04

&E



834

 
E333-33333333

3333333333‘33333333 3333323: S332-i33333‘3‘33fi33 {:33 mm 33333333 3333133

Sifliflfiiflfisi NEQRNEQTKW EEASNRENS EQ'EN‘QE

Inventor(s): OTANAGi SUSUMU; NAKAMURA. YAKASHE; MAEKAWA MEUYA:
MiYAHARA SHiNiCHiRO; MOREIYR KQIGHE f}: {QTRNASI SQS‘UMH; :

NAKAMURA TAKASHi, ; MAEKAWR WGTA, MWfiHfiRfi:

SHiNiCHiRO, ; MORiYA KOICHQ

33331331333333): 55:39 3333313 333:: :3 (53333.0 SNSTRUMENTS iNC)

fliassificafifim .. internatibnai: Afif'fififi2é; fififfifiz’fififi; (l-PC1»?): £3353 85302335
"SWEETW“536 ”33:45:33.

' '33 I?) 3.3%:
~ cmperative: :38- B

Application JP20040091942 20040326
number:

Priority JP20040091942 20040326

numbefis}:

Aiso 33332333233 {:33}, WQEQQéfig23:32 {43,};
pubiished as;

33333333333333 {:3 JEEEEEETfifififi {:33}

FREE‘LEM TC? 332%; $333}ED: ‘3“: 333‘:3333333: 333333.333333.33 333:3333333333333 333333.::3333 333333:3

3333‘)E? 333'@3333:3'3 :333333333:”m '3 333333533333}

33333323 333:3 E33333; 3:933:33: 3:33:33:\iiéflutan

3.333333333353333 33333332333 “(‘3‘‘3: HN: 'T3333

333333 3393333 33333333333333: me:3:33:31::{.3 33333333333”:

3333333333333 :3 3333-3333 3333:y" ‘ £3 3:(333383333

33333«3 fawn::33 £33: 3333333333; 3 33333393 3333333 33333
3333333 33333363335: 333" 33333 3333333 3333313 2:33

33.33 :33 333653333"3 3‘33“ 333::333333:; 33333:”: 53333
3333333: 2 an 3:3 mm in 33333 5333333.{33‘ 3:3; 33333::
33:33 33:33: 33:33:33 23 £33 3333 33333333 E3333:“. 3s;

a 33233:;333mg35333333333 33:33; :23 33:33:; 3:33:33:
33333333: 3353335. 33303

 

 

 
lib-,2

3.5333 33:3 33:33.3333332:fig 333335 3:33:33:33:36: 33:

37333333. 333:33 333“333333;; 3339333333“ 3333333 :3 giving; £30333:

333::3333333:3 {833333533£3333 333333 3333333 33363333333; 333333;: 3333.333: 3333333?3333333'33 333‘»: 2

53 333333 33333393333333 33:33.3c33533:33:33‘33323333333 3333333333: 3393:323333333333333 :33 a3 3333:332533383 3‘_.

v“ ”fl$th3!

3331.3333333 3:333:03“:33333333‘33)£3:3"33383‘33““‘333333333:
3333.33 :3 3333" 33333 3:: 33333333333‘ 33:3 8 3:33:

834

{Fig2:)“ “a“?!fig?

“333‘ $833333:33 33:3 3““::33"

r 333‘ 333333333;} :33:

5,“: .
“ii-*3“ 336333?

3:33 3‘3“

  3i \\

3:7: £33,: 33:3333:333333 31333333333333}:

{33333533333333 3333:; 333:3}; £3333:3: 3:33333 33

Q» \§§\



835

”3:3333333333333333333333333:33 3333 33333 :333333:3:33333 3333 33333;3 33333:: 2 3’33 333333333333': 3:333“3:33:33333

3333::332333333 33.33 33:;333333 :33:33 333333333333:333'33:333’: 33333333 3333‘3333':‘33:: 333333:333333:
33333'3‘: 333333333333 33333-3333::337:,33335:3333333':33‘3333 3333333:3 33333:3 '3 3.33333833333333333’ 333': 3333333:33333333333 =33:23:33:33 333-3333:333:33 333333 £333333‘“{333‘3’3’38333333833333. 

835



836

§Es§m§°§§ ”‘gmmmm
mea‘mfi E332 5W3 am: Smgifi 

Natice

This tramiatirm is .mz'fl’il'fi1)§3qu?¥€§‘2¥£{¥€3. it cammt he glmmmeed that it is in‘tefligihle, gamma

mmpiete. :‘eiiaiifia (:rr‘ fit. for spefific purposes. Cz‘ifiml decisiuns, Eitii‘h as {:Qn'mierciafly :‘elm‘anf or

finax‘mial decisimrs, shuuki Imt be basmj (m machinw{tailgating 01%pr

CLAIMS IP2905270543

3.

A main hady, a prmmfiing pm‘ticm farmed m pmtx‘t‘niie 17mm the} iawer fini‘face Qf the main 13:36.3; 5:

fixing means for mounting the main bed}; 011 an arm with the iuwar surface 6f the main bad):

faring the bigmgica} surface; am} a living hmfi}! in cantata: with the bigiagitjal 31:;“Eas_:e A light.

emitting unit“ {hat emits Eight. {{‘m-‘a'x‘d the fight a light receiving unit: that maeives :‘isflected light,

from $18 Ewing may and gemmtgs a biOiUgiifflt} information signai according t0 the ammum of

{mieiwd Eight. asking {11% light. mmth by the light. emifimg mm:S anti 3. fight A hiulugica} sensflr

unfit having mmact detecting means fm‘ detecting whether (11‘ mat the fight; emitting unit and the

Eight receivmg: unit are in mama with the surface Bf the "biokogical budy, and bieisgicai

it'sfi'n'mai‘ism pmvided in the main hady and detecting biulugieai 'infom'mfiml based m: the

'bimimgittai infmrnatim sigma} A bmhisgimi infm’matiim measuring dwicel wherein the. biniogicai

sensor unit is disposed on a Imwer surface 0f the pmtmding pm‘itiml,

Z.

2. The hix‘}§t‘}g§’.{;ai ,infi'w'maiinn ’mea‘isurifig apparatus accai‘ffing {a 1:181:11 i. whfismin at. has? mm

pmimainn is {myriad cm ihe iuwer Surface {3f the main hmiy SQ as to pfliifudfl {mm {he iower

sm‘fate of the main bm‘iy at a predefez‘mined distame from a side surface of the {M‘GtfiJSiUIL A

distance between the §ower surface 0f the. ridge: am} the lawer surface of the main bcéiy is set R)

be. equal {0 Di‘ gma’tfir than the: disii'ance heiween the {wear surfam 0f the. pmtm‘ding pm‘tinfl and

firm IQWQT surfmte 0f the main {Had}: A biofegifitai infi'mnation measuring device 3% 21 fiaature.

3.

The binmgimi infarmaticm meaguring apparatus: awarding in claim ‘i {3? 2r wherain rim mama:

1142x2819 ”i
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detection1119mm intimdes 311133553. 3. gait {3f eieci‘rmies, arid the iigh‘i ei'ni'i'i‘ing 1111i? and the. Eight

19691an unit. are based an a patentiai di‘ffemésnce between the pair of eiflctwdes. A hiaiogica}

infbrmaticm nmasuring device far damning whether or not the surface of a bio‘imgicai bed}: is
it'njcimii.

4.

The bimkwgicai infm‘matinm measuring apparatus accm‘ciimg to ciaim 3, WE‘lflI‘EiH the pair of

EIENJ‘H'fli‘J‘KES are. at‘rangead m as m sm'idwith the iighi‘ emitting unit. and {the fight. receiving unit

therehetwazen.

5.

5. This. hiciagicai informaticm nmasm‘ing apparatus aflwx‘ding t0 daim ‘1, furthar mmprifiix‘g: a

flexibie subg'u‘ate that eieciritaliy mnnecis the light Emitting unit am} the fight receiving unit to

the binimgimi infmmafinn detecfing unit. The managing} infnrmaziofi measuring apparatus

awarding 11:) claim 1, Whm‘flin the? substram is priwiijed in the main badly 5:) 31:?» m gyms the light

emitting unit arm the Eight riamiving unit {award Em} bwer @urfacfi: side (if the) main bm‘ly by its

elasticity.

8.

The, birfitfigicai .inft‘n'mafit‘m measuring ayparaiius ,acgurdifig {:0 claim. 1, f‘m‘i‘hfir (:(nxqgrisit‘ig a

dispiay unit that displays; dammed. hi'diogicai infarmatirm {m an upper surface? of the mafia 13963;.

7

The biaiugimi inflammation measuring apgsas‘aum amanfing 11:: any @139. G‘f ciaims i '20 6, wherein

{ha fixifig Imam inchifies a firm. band £31.le a Si‘fiflflnd hand that are attached m an arm with a

proximal and attached ta {Em main bad}; The hialugical imformatim: fl‘leasuring device, Wharein

the firs}: hand am] {he sectrmd band are. arramgm 56 3.9 in face each uther wfih the main hwy

.iniflrpfised tharehetwam. and are farmed sf 3. shretcbabie QEafl‘EE material}.

8.

The bimmgicai infm‘matim meamrimg apparaiuaz accnrding it.) Ciaim 7,, wi‘im‘ein {he bimmgicaE

591150.!“ unit. is arranged at. a pasitifm Shifteé {mm 3 (Enter pusitii‘m Qf {he 11min had}: {award a

pmximal and side. of :he. first ham? m" the “amend band. A hifiiegieal infarmatifln measuring device

as a fezaxtl,.sg‘e,

1142~201§ 2
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9.

The biningiaal ,infon'natim‘: measuring apparatus accordmg in any {me 0? shims; 1 m 8 whfirein

the. main body ifltihi‘dES a mdxargaable battery that can bf}. charged am? a charging unit that

(ti'kazrgas the: Feflhal‘gflabi-E banal? Wm} eieaixiic pu’wzaw. Bi’eiagicai infm‘mzm'un measuring device:

if}?

The bimmgimi mfmmatiom measuring dwice amtcording {0 3113330115 at." daims‘ 1 to 9, wherein a

diastzmce hai'ween a itm'er surface of {he pmi‘mding pari‘iml and a lower surface Bffim main bndy‘

is 59? m 2 m 4 mm. apparatus.

1 1.

The bimmgiw} infmmatiim measuring dwig‘e attcczrding w my arm of siaims i to 18$ 'Wi‘im‘ein {he

prmmding partifln is fanned Sf} that an miter gu=5ripméry $163.me i5 drauim‘;

3 2.

The. 53.953355: informatim meawfing apparatus awarding m claim 11 wherein the gi‘oti‘uding

33015303} is forum} such {hm Em miter edge is a.»::s;1wed 5:: $72,111.25.

3 3“,

The bingittai irifmmatim meagm‘i‘ng appamfim according in claim I 3 wherein the prmmding

perms} is formad m be a. mlfi’fid surface fmm the center 5f the Eower surface- mwarfi the miter

i=ai‘ige.

1 4.

The bigfimgmai ii‘ifm‘matinn measuring dwice ammrding to any 0135 cf shims 11 m 13, Whemin a

{fiameter (if the pnfiectifig petunia is set w 26 mm or 16333.

3 5,

The» biaiegiwi izzfmmation measuring device amm‘émg to any one {if ciaims 2: to 14, wherein {he

pmtmding pm‘tion i3- prm'ideti 55 a pasitign Spaced 8 mm from a side surffim cf the pmtruding

purifier; and the: lewar guffam if this: prairuding pt‘zrtii‘m and the: main. hudy. A bimiegical

ixifm'maflofl meagm‘ing ciewice characterimd in that}; the distance. {a the jfawer surface. is 59: :33 4
mm.

1142~201§ 3
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hetettt “teemetete
Pewerett‘ it}; 5W3 am: Geegte 

Netiee

This tramtat-irm is .matflfineugenertiter}. it eammt be guaranteed that it. is itttefligihle, gamete

tempts-tie. :‘eiiahte at“ fit. for speeific purposes. Ct‘itiflzfl deeisiens, fitti‘h es {entitlerciafly relevant or

financial decisitjns, shuttle net: be based (m H1£tCh§ttE~traflskfliflfl nutput;

DESCRIPTION .tPBQG-5270543

IPROBI...EM TO BE SOLVE} Te perform wearing fer a hung? time withmtt feehng ummnfes‘t‘ehle

parting}. {-4) prejectittg fmm a ism-"er surfaee {2&3 affine main hast}? {.2}, and a fixing Steam; {3} far

attaching the main tmtly {2} it) an arm with the tower stn‘faee {28) cf the their}. had}; {2) facing the

Ewing had}: surface And a tight emitting unit 5 that: emit-5 light toward the living ‘bedy‘ in mntact

with the, satirfatte 0f the. living batty, and a living bed}; that. receives reflected light. Item the {ix-tug

bratty ammxg the. tight emitted by the tight emitting unit. 5 anti that: Curreaptmtfs tt‘) the amount of

Eight received Pym-fitted in the main batty 2, a bielegiea‘! sense? unit 8 having a tight: remitting; unit

6 that generates an inf’t‘jnneiiiotu signal, and a cumam detective unit. ’3’ that (lemme \t’l’xethet‘ the

Eight emitting unit {3 and the. tight receiving unit. {3 an: in CUR‘CBC‘C with the bitflngiea} Surface Amt

a bieiegiea’i infermation detectien unit that detects bietogicai infermatinn based er: the biotegical

it'sfm'me't‘itm sigma}, and the bioh’tgiw} wrist}? unit 3 pt‘mt’t‘les the bitflegieai infin‘ttfiitiwrt

measuring device I {Rapeseed (m the imam? Surface ‘33 nf'the pretmding portien 4. iSeieetioej

figure 5

B‘ietagicat informatim measuring deviate

{C380 1:;

The» pi‘fifieflt itweisfatten tetates ts} a bieiegimi tnfm‘t‘natian measuring apparatus capstbie of

meaeuring biotagtcai infartttatten such as a puke rate Whiie being were an a mist {army

teem

Due in the :‘etteet. itjtet‘ease it} iniereai in health nmr‘xagement, Vatican; hitflegieai infarmafiun

meaeuring devicee capahie of measuring various biategittat infm‘matian such as pttlfifl- rate white

HJZQG’Q “t
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being wom (m the. was: (arm) 91‘ the likes have? been prmided {far 9x31113363, 3.3mm}: Document 1}.
mference!

EQBBS§

Amang this type 01" biolagica} informatinn meazsuring davivce. for exampie. a gimme that detectg a

puise rate in‘adiates Eight: inward a {Ewing bmiy whim being wmtn (m a wrist, and reflegm Eigm

fmm a Mind $653815}? 3 puke Sanger m" the Elke. that is, mfitmmd light A sigma} is :‘mteiveci‘. a

puisa signai correfiponding to a puise is exiracteé {mm the reflected. Signah 31337323 praise rate 1'5
ca’icuiai‘mfi..

Particzfiarha Siam the guise ram can be easily measurad whim wearing am the wrifit, it is easiiy

usmi 333,1 the mar“

31:" 229(11v?’89?3 A {paragraph number‘s 0811-3063}: FIE, 1 {a FIG“ ?}

[000%

The abovedescribed cmwemimal biuiogicai infarmaiion measuring apparatus is gmex‘a‘liy used

by baitxg war-:3 an my}. wriai‘. It-ii'nwves‘, depemfing an the. movement (If the 8581‘, the. l'miSiik? 3K3V£§S

and the. thickmss {diamemr} of the wrist (images. which may causa‘. a gap immeen the biaiagizz-esfii

ii’ifunnatim} s’ueafim‘ing device and the bioiogicai gufface. For {his X‘easm'i, {here is a pussibiiiijy

{max-11m {it'fiiaxiveness is 2.:‘3Wm‘ténii and Ethm‘meé hKfiogiflai infatmatiom {taxing}! he fieiecied. Further,

in mam to mental}: fix that. bioingicai infmmatimn xnfiasuring {fevica t0 this. wrist, fur ammpia

when if is tighmnefl with a Emmi a feeling at" pregsure. an we wrist increases and; it is difficukt m

pmflérm wearing film a 51mg iiin'ie.

[QQOSE

The present invention has been made in ‘ViEW {if SUGh cirmemflces, and an object {if mg pregnant

iiWsEsrizfirm is; tr) pxi't‘wida a birfimgicai infi'mnafim't. maasw‘ing flevi»:e that can be warm far a lung

time. withmut {Eating unmmfnrtabie wi‘liie. impxmsiug adheskm That; is.

E3086}
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Tim prawn? irwezxi‘igm pmwidas the: fifikming mamas in {miter H} 301% {ha 32mm pmhiem&

EQUQY}

The bieiagiczfi informatien mewuring devim 0f the: prawn: imentian includfls a main way; a

pmi‘mding parting} farmed t1) protrude from {he kmer surface 0f the main body, and a fixifig

means far attaching the main £3363! to {km mm with {ha Emma? gi‘irfam m" the: main bawdy €317ng the

biaiogi‘cai surface Side; A light emifiing unit. that. emits Eight {award rim. 139mg body in (gamma.

with the surfacéa (if (he iiving bmjy, and a 11' Vii}g bad}; infm‘mafima Signal {hast receivea refleci‘eé

fight fwm the iiwimg 130d 3‘ amumg rim: Eight irradiatfsd by rim light emitting unit: and that

mn‘esgmnds in the ammmi 0f 33gb: recfifived A {Wing body sensor ssecticm having a fight receiving

se‘ci‘im‘z fer generafiag a fight, a coz‘stzmt deteci‘ing meam fm‘ detecting whether the 11'gh’i‘ en‘fii‘timg

sention am} the tight {waiving section aw. in maniac: with the surface 0f the Eiving body, and {he

bafiy infmnwfian signal‘ Ami a hie‘iegfifiai ififermatiim {fame-{inn unit that detects; biiflsgicai

.infm‘mafimn imaged m“: the biolagficai sensor unit, wherein the. itsioiagicai seam? unit. is disposer} m:

a lmwer surfam 0? tin?! grounding portimz.

[BQGSE

In the bimlmgical infmrmarimu measuring agpaxatus awarding it: the present inventiml, Film fixing

meant; irrm’iia’ms light; fmm {he fight ei‘nifiimg unit. igmar'd the {Wing Enid}! afim' the hudy‘ is

mounted on tha wrist {arm}.

A part mf this: irmcfiatc-sd light is absm‘bed by! for axamgfia, hm‘mgiabin in the bland vessei, and a

part 0f é‘he rather fight is :‘efiecmd by {he Haring i‘isrsua

The ii‘gi-xt receiving unit. receives this refimmé fight mid generates a bisiagiagxi infsnna‘rion sigmi

such ass a guise Sign-a} mm:spz‘3m‘iing in £th ai’l'il'filfii’. 0f 113,69in fight

Therm, 3:11:22 bi’uhgicai mfermafim tietectiun means can parfarm predeterminafi promssing {m the

biciogicaE inibrmat‘ian sigma} {'0 damn biaiegical infarmafion sum as {he puff}? mm in afidifimn it

is; passsihifi $0 defy-3m whmi‘zez‘ 01‘ flat“ {he flight. emi‘ififlg unit and {the fight" retaining unit. are i‘i‘éiiably‘

i1} contact with the. iiving body surface by the. mntact detectim) mama

EBDGQE
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In particmar, when tbs: main bed}; is atiathed m “the wrist; by the fixing 111mm, since the

prmmxding pmfimi pf‘ifi'j‘lldES frail}, {33921, knwer Surffica 0? {ha main heady, {he Eivir‘:g $1063“ Sili‘f‘c‘iflii‘:

and fiche. iower surface 0f the pwtrufiing partion are easiiy brought into cmtact wiih each when

That is, the. adheaian a? {he biasez‘lsm' unify is impmveé‘ Therefm‘e. it is mm: newsgm‘y to fix the.

main b063,}? 3:} that it is; strmgiy pmsfiaed against the surface a? the living {and}: (m be pmsseri} by

the fixing maatis. Themfmre, eves} if it is worn fm‘ a 10:19; thine. thaws is nu Liiscomfert Mmemm}

Since the adhesivenet‘ss cf the biasemor unit is imprm'ed. {he 11'ghi‘ mnfi‘ting unit and rim Eight.

rmeiving unit can flffixtimifly irradiate and. receive light. Thez‘afk‘wm it is gossihis: to fierce:

bimugica} il‘xfmmati‘m} with high (intimacy.

{00 10}

131.15.??ng the bioliagicai infarmatiw} .n-‘mzeasuriing apparatug aficwdmg to the present itwenfirm is the:

bimmgiaai infarmafiim measuring apparatus awarding if) the presrant im‘an'tim‘z, whemin the main

{uni}? is: Ligmmci at a ps‘isi'tion 5931:3196 at. Eeasf. a pmdeimfnuiméd distawse {mm the side S-l.t£‘ffi§2£¥ (.Xfi‘.§f1£¥.

prm‘mding pm'tmn whfle mildwiching at iaast {he prmmding poi‘fiun an the iuwer‘ surface Qf the

main bad} Anti a distance between the lower surface {3f 11%? pretmsim 311d the 191999.? surface cf

the! main. {may is; ihe 53333 as or the difimmte hem-13am the in‘w‘er surface (If the} protrlzsion and {he

imam? sm‘fazee {if the waist bad} 'E7‘%1£2 Fsii'uwe diSMme i5 511:

{Of} ,1 1 1.11.4

In the biolzagicsal infmmafion amasmring agpa‘ratus awarding m the. py‘esent inventian, when. the

main £3921}; is attached in the arm by the fixing means, the birflogica} surface is in mni‘asi with the

it"smér Surfamze of {he pm’imding pfmix‘m and {he law-:13!" wrfaca? a? {he pf'm'mding pifi‘fim’L

At {his itimfi, 53369 the praimfling pm‘firm prt‘firm‘iec‘s’ at 2‘: predetemi’lifled difii‘fil‘u‘lfi fi‘an‘l the: Sit‘kz

surfam of the protruding portion while samiwichixxg the prmmdmg purifier}, there is a gap

befiwem‘} the memfing {martian anti the pmi‘s‘ucfing familiar}, Yes. ’E’hex‘ehy {he thing had}! entries

into contact with the imwer sus‘fam of the pretrufling portion and the financing strip partisan in

a mate whsre the Eiving bad}! QflCfi Enters the gap ma both sides, sandwiching the prntz‘ufiing

pm‘ti(n’3. Therefam, {the adhesifln hetweefl fi'lii‘: living 13c3t’fysnrfmte amt} the living hmd'y sexism nflil‘

{tan 13:13: ensured more; yeiiabiy...

E30 1 2E
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In particmar, since the preimding portion grammes. from this: Emmi“ surfam of the main body by

the Same heigh: 05‘ E'Liigher than this pmfruding pmfim’i, {he pmtr'udiflg pm‘fitm Bantams {he Kiting

body surfaca at. the same height as. er earlier than {he p‘mtruding portian Further, the ridge

pm’i‘ion mnmcm the living baa-fly smface mimide {he protruding pmfivnr Thereby, the {Mag hm}:

smrfate can be 5mm}: hrnght imn (mama with the lawyer surface 01“ the premxding pm‘rmn in the,

3mm state, and the. sumac: prassure can be. mafia Crnnstam. Themfmeg it. it; pmgsibig m (imam

biahgiczfi inibrn‘la'mm stabiy for a lung Hum.

E3313}

The bio§0gimi information. imagining apparatus according it) the present invention is the

hiaiogica} infbrmaiien mflasuring apgkarai'us awarding {I} {he pwsam imr‘erxtimi, thein the

(sumac: detecting means has at. ieast. a pair of eiectrm'ies‘, and the fight. emissism based 011a

potential dfiffemnce between 63% gait (1f eiflctrade‘s. 3%: is; dammed whether {Em mm. and the Eight

{‘{§{;£§i‘§?§1’1g part are in f,£€3}‘}t;~.i-t;‘i‘ Wi‘ih fins Slxrfaee 0f {rims living 1306):.

{0814}

In the bimagisgal: mfg[311313011 Immssuring agpai‘ams according m the premix}: im’emimi, when the

main body is; armched m (in? arm, the. pm? {31° electmdas some mm [:Gniact with the? SGY’EEKTE? of the

Exiting: imdjy: am discharge is gngrformefi 't’hrmigh tlm surfaca (1f the living body?

Timreby, the ekacii‘ic patentiai. between eiectmdes decreaseés. B}: detecting the. pemni'iai

difffiféflfifi bié‘fWflEn the pair 0!.“ Eiecirt‘jflies, it can he waif}; 311:} {$3113th defeated M’mi’l’wr‘ {Jr 2161‘;

the light amittmg unit and the Eight receivmg unit are reliably in Emmet with the surface 91” {ha

living: may. Nam that the eiectmdes {is not have to be a pair. Fur exampie, :5: phxmiiw nf

{flecirt‘é-{ies may be prt‘wfidfid‘ and. wheifimr mi" net may axis in CUNTQCI filmy be dwtecmfi {1:13:36}. am a

pmflnfial clifi’emnce Emmieen these eiecn‘mjess.

EGG i S§

Marmwr, {ha hickh'Jgicai ii‘lfmmati0n. {Hamming device acm‘n‘c‘ii’ng {.0 the presafit ii’ivemiian i:3

characterizafi in that, in the bialogicai infma‘mafim meawring defies}! accm‘éing {:3 the present

'imrentitm, the pair of alanimdes are; arrangmi 3:3 as m sandwich. the Eight {ssxinfn'ing unit. and the

Eight ,1"ec£=.i'x='ing unit. therebeml‘wn. {i is what.

11422013 5
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[80 1 8E

In the biological infermatian measuring apparatus awarding {a the present invention the pair 0f

Eilaitii'ui’ias am arranged SQ as in 531’1dwid1 Hm light emitting unit am} the. Eight miteivi (1g unit

therebatween, so {hat the Eight emitting unit. and {has light receiving unit; cantact the surface of

{1m living Ema}! with high accuracy. If its gmtssibie m (Emmi whfi'i'zer 03" met.

{m3 1 ?E

ifvim‘mwen the biaiogficafi infomn‘itien .t‘m=:asuriug (marine. according tr; the present imven‘tian

eleciricaiiy mnnafis the light emitting unit, the light remixing unit and the binimgfimfii

iriforrrzat.i0n (Emailing unit, in any (me 01‘ the: biaiogi‘cal infhmaa‘fjon Irzeasuring devims (31" the

present immentim. A flexibia substrate is proxy-finial and the. flexiblfis substrate is prmrided in the

main bed}! so as to mass {1% fight emitting pm‘iian anti the light nmgiving pm‘tirm {award the

Iiawm‘ surface Side of the main body by its; awn elasticity, {1; is.

{8811 SE

In the E'fii'flUgiita} infin‘ma‘i‘h'm maasming appai‘ams acam'dixig m the present i‘rw‘entinn, 59% rim? that

Eight emitting unit. anti the fight mmfiving unit am aways pressflfi again: the impair surface Sidfif

mi" {he main bméy due} in the: eiéisi'jcity of {he flexfiiie Sufiswam Wham the main bad}; is; aitached. is

Kim wrist, The light receiving part is; in a stairs at? being £1959 to {1113' smifa‘me (1f the living fluffy.

Tbmefm‘a, it is gassibie m mare Efficienfly irraiiiam and receive Eight with respect: it} the fixing

bud}: and in‘zprwe detectimz accuracy of fixing [Judy infimnation,

{£30 3 9E

meWer. {ha biahjgficaf ian‘I.‘fl'i3I.ion Imagining defiw fiCCBi‘dEflg to the preBSarit inisean'iian is

fiharacierizefi in that, in any (me If the biaiugical infmmatim} measuring devices acmx‘dmg if} {he

present iayenfimg a dissplay Lmii‘ for dispiaying dammed bioiugicai informatimx is provided as} the

upper guffaws: of the maxim bgd‘y. T0 :10.

{0029:

In the bitflngimi i,nfmimatitm meagm‘iz‘sg apparatm awarding m the present ifl‘v’el‘itifli’i, Since fitm-

bieiugimi infm‘rnafinn {’Iisplayed mi tilt-3 {’Eisipiay unit can Em aagiiy vifiuafly cmlfimied, the dfltmttad

bieingicaE infbrmatian can be confirmed whgmwr necsefigaryg m the. biaingiczfi infm‘maiian i3

1142~2§1§ 6
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mntrectiy {iefet‘irexi It is 8323» m use and 33mph.

Efifiglé

‘fiurt’her; {hm {trimlogica} informatien meaguring apparatua awarding m the. present inventim is the

bimmgicefi infm‘matima meamrii‘ag appara‘ém accumfing if.) any Que 9f the pmsem inveutiun

dascribed absma, whertzsin the fixing means iflflhidfifi a first band. that. is attached m ma 39:11am}

has a maximal e136: attachad m the twin bawdy. A semnfi band is: provifieti anti the first. band anfi

the semnfl band are arranged 313 as. in film. each what with the main bud}; interpmmi

therebatweem and we fanned. Qf a stretchabie elastic materiaé, is them

EBQZB But/11¢

in {he itxmlmgical inibrmafirm measuring apparatus ,aCitDrding m the pa‘esem im‘emiim, the main

swamnd hand.

In 'gf}a}_'iticn}¥ii", since hath hfim‘ifi are made {3? E'Iaafix': material mm can be stretched, Even if the

t’hiakness of the wrist changeg siigltiy due in muscle mm'emm, the amount 05$}ng can be.

abssm‘hgd, Can he §.n‘e$~’e:‘it(§d.,

”fixerefin'a, it is mm mxrrassar‘y m figm‘ei'i hm}: Ibaa‘uis, 3m} lungi‘in‘m waaring i3 pugsib‘ie.

E802 3E

Evimreaver, the bimogicai infm‘matirm measuring device awarding tn the pmscent inventim) is 31h»?

bits‘iugieai infmmation measuring devise awarding in any fine of the present ixweminn described

aimm, wherein the bis'flngical $91153? £1133? is; (immacted t0 the f? {‘81: hand {3? {ha Sam‘md band from

the center pesiiian 0f the main: bad}: if is; arranged at a pusitigm shifted in the base emf. Side.

{332%

In the hit'flt‘xgiaai mfm‘matirm measuring agfiparafus acamriing m the! presan’i’ invaritis'm., what}. this

main bani}; is attached {:3 the wrist Eike a wfiatwamh by the first. ham! and the secamd band. them

i5 same: $3an bemsaim the wrist. and the: main handy dug £10 “(his piay. Shifmfl due in graviiy {£71317

exampie, Wham {he arm is. 'Shified di’M'xm‘m‘fl {gmund s‘idaL 0.!" when the: upper Surface 0? the

main body is? lmid in from {if {he was with the back Bf the hand inside and the arm horimntai} in

11v€2«2€31§ 7’
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this case, the, hiflsenmr unit: is diapm'sed. at a ptts'ititm shifted {mm the center pasitizjmtithe11135.11

bait}? if) the base end stfle at the first hand or the secmtd band, SQ that the adhefiim} Qf the

biesmsm‘ unit is reduced Can be prevented.

{802 5}

ta-inreovea‘, the btmiiogita} infurmatinn measuring device according ta the present. itwention is the

bietogicai’ inibrmatien measuring devim BCCDi‘diflg to any one 033‘ the pmwm invention, wherein

the main bad}! Math} (19.5 a rethargeabla batmry that ran he charged, and a charging unit that

chatgas the. ,r’echa‘rgeabit: h?itti‘iti"}’ with etectxic putter. it is Char’amm‘imri by that.

{@326}

in the btolmgtcat tntbrmafitm measuring apparatus acmrding m the pt‘esemt int‘entit‘m, since tht—Js

e‘xmrmfi {matey}? (tan; be chm‘gad with the t‘eci‘xargeablté battery via the! (111.33%ng “mamas. it. is mm.

t'mécessary m pt‘epam a. Kim‘mifl batmt’y m‘ the: Eike: separate};

53‘ht221‘ehw, the ambit 5m" tnairttaining the. pmduCt can be reducer}.

{002%

1:} the biological tnfom'natimn measuring device awarding t0 tlm present. invention, in 23:13,! one of

the 'bitfii'jgttmi it'sfi'n'ma‘timt mgasming devices accm‘tfing m the pt'efaant im-‘mttimt, a distance

betwam {ha tower surface (3f the. grata‘uding parties“; and the 1mm? surface at? the main. bad}; is

set. to 2‘ t0 4. mm, it its characterized by.

{00.28%
‘A

in the htnlugica} infm‘matimt meamrimg apmratus according m the pa‘efiem irwemimt. the

prawns-fun is attached tc: the wrist with the lawer surfaw cf the. pmtruaiun pmtmding from the

Emmy surfa‘ta at {£16 main body by 2 if) <§ mm

"fhemby, a pmt‘msicm {1512,11 mm be made tfl contact. a. binlugjcat bméy surfacfl .rfltiatfly, 31:16. the:

tidhtssiwnass {1ft} hitisansar part. can he samurai}.

1142~201§ 8
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That is, what: the dista‘nm betwean {he 'aner surface 0? the prairusim and {118 lawar surface {if

the main body is ‘23 mm or less, there are few Stags and a gap is farmad beml‘ee‘n the iiving {302:1}:

Surface am} eaxiema} Eight is iikeiy to Emma}:

In additim}, when thy: dismnee. {mtwaen the 1mm: surface 0? the pm‘rrudi‘ng parting}. 3an the. lower

Mrface of the main hmiy is “-1 mm my mom, a feeiia‘lg raf gsa‘eSSLu‘e is generamfi between {11:3

attachments and there 1'3 a i‘iffighi, 30 that {his state hemmes unflabie it. bEiTDl‘BES easy fm‘ Outside

fight to enter between.

{BQEQE

fins deg-cribed abm’ts... by making the {fistanm bétWEEfl the luwer surface Bf the pmimding premium

and the hmrer surface 0f the 31min body 3 m €1.¥‘1’i.l1’!.,i‘€i$ gmssibie t0 prevent a flaming afpmssum

and the. incidmme GE externai fight.

EQQBGE

Mmm‘v‘er, {he ififzflflgiflfi filthtimaiitgn Imagining device acmrdhxg t0 the present inventitm is;

Chzn'aci’erimt'i if! that, in gay mite {if the bi‘tfingi‘cai infm‘mafinn measuring devicm awarding In file

presem im'émim}, {hie pmjecting porting} is farmed 3:3 as to have a circular outer periphery. ,.

E0fi31§

In {hehimiugicali.;'}fm;‘matjvz311measuriflg amms‘ams according m the present ifi'vemim'l, since 111%

prmi‘uding party}?! i5 dreamy, what} {he mam hixi‘y is afiached be {he Wrist, if. is pushfid mm the

mitigate of the bitsimgimi body with an aqua} farce.

Timrefnm: if]? mikes-sign i3 gmnd.

{0332i

MGrmWer, {he hickh'Jgicai ii'IfQ‘Iifll‘cfii01’}.Iflfiafiui‘ing defica accrn‘cii’ng {.0 the presant invmxifim i5

{thax'acterimfi ,i I1 that, in any fine Bf the biaiegical infarmatimx measuring devices awarding m the

wesem im’e§3’;§,im&, {Em pmimding pcizflitm i3 fummni such. that. an Gui-.31.- mige is a cuwed suffix». .

1142~201§ Q
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{50:3(avg

11'} rim i’fit’fl'ugica} inifit'matii‘m n'masm'ing apparatus; awarding m the presem ii'wmii‘is’m, 338% the

water edge m“ the projaztting portian is far-med in a curved surface, the adhesim can be furthar

'ii‘i'lffi‘UVfld when the main budy i3 attacfimd m the wrist.

Maneuver, even if ii is worn i’m' a lung iinm, 1'th 13:38:59 to wear maximise it is. (lif'i’iituh to have a

mmzpi‘aission mark.

{063%

The 'biioiagim} ini‘mmati‘nn imagining apparams; awarding m the pram“ inventiim is

characterized in t1mt,.i.fi the hickimgicai inf'ormafix‘m rmmsuring apparama awarding to ‘t§.1e;31*es:311t

inwmfiim, the}; 'prque-{zting partian is farmed m be a curved surfacxa from {he Banter of the Iflwer

31.x:‘fmt$mwm‘d the mafia 3::ng if. is

In file bimlngim] info{‘x'naitim‘i Immssuring ayparzfl.1.ss accurding m the presmi‘. invemimi, sinus; {be

curved surface is. formed from the cent-er (1f the inwar surface. (if the prajmfing gamma {award

the enter Qfige. the! biciogical surface is 3111mm}; defmrmed when the had}; is 3:83:5th to the

\mi‘ist, and the came? (31" tha iflwm‘ surfiica £1 is {affirmed in a 3mm Wham {he mmtaet prassure M

the pan“ is increasmi and. the! adhesi-Qfi can bi: further imgprmred,

Maz‘emser, may: if it. is ‘wem for a. kmg firm, if. is «easy to weak bamuse i1 is difficult {to have a

campmssim‘a mark,

{8036;

Moreover, the bielcsgicai infermatien measuring device awarding to the. present imrentien is

charast‘arizefi in that in any we of the bioingicai mfm‘maiifin measuring fievices awarding to {he

present? invemtim'g a diamééi‘er if “the pmtmding pflrfizt'm is: set to 28 mm Gr {$553.

£883?§

In {318. bialogicai infhrmafian measuring :ievige acctmding is; {he pressem ilwentim since tbs.

1143-2939 “3
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(33311111111911: mi" the gristmgicm. is 36 mm (314335.. {ha pmmmkm can he: Paml’y gmsaed. against the:

surface {£1va {Wing body with 3 Eight fatn‘ea

{003$

Mammal: the hitfiugimi infamxa’ikm measuring deviates amoz‘ding m “the presses}: 1111;111:2101”; is {he

bioiggicai infmimmicm .maéamsring (Ewing awarding {13 any {me 0?? me. present invenriian (112239.52113116.

abawe, wherein the pmtmding pm‘fim i3 provided 211'. a primitinn spaced 8 mm fmm 1113 same

tsur’fam 0f the pmmiding pm’i‘imL The éistiarme between the iawea‘ surface Of the part and the

Ziawm‘ surface 0? the 111331“: 1:13:13; is Set :0 4 111111..

{013353}

in {he itxmlmgical hawtmafirm n'zeasuring apparatus BCETEH‘difig m the presem im‘emiim, the ridge

pmiitm can be farmed in the Vicifiiiy 0f 8 1.131111 {mm the 531.1% surffiae (If the pg‘mmtfing 9021311111,

and 111311 bi: suppressed t0 3 heigm cf 4 mm.

£313 fies-{311113311} Eg'i'xwe, since ‘ihe. ridgea can be farmed in 21 smafi space, the main 13131233? can be

fluwnsized. that 13;: the entire. apparatus can be dawnsized.

EOQéiOfi

Aawrfiing 10-1138 biulggginéfl infurn’xafion measuring agzparaiuss 017111;: preseni‘ inveni'imn, when the

main befiy is iii‘i‘iiifhééfi 11111111: Wrifii‘ by 111111 fixing means, The prtm‘udiflg partial} pf’tfi‘mdes {mm

the lower surface 01‘ the main body, SCI that the 121‘ng 1191153 Surface amci {has 11311381” sm‘fzme Of the

prmrmfing parting} are retiably in {tomact with gash rather. The adhesion m?" fin} biasefism' unit is.

imprwed.

'fherxzsfam fit is 3.101 necessary to fix the main bad}; so 35- 10 3111311131}? press {3011111919.} the bed}:

against fine 3'11?me Gf' {ha {Wing handy £13 in the prim“ art;

"fherfefiy.rc~35 31151:] if if. is 1mm fan“ a. kmg firm, fim‘e‘ i5 11:} discxmxfm‘t.

NJEQQTQ “H
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ME;\&"§¥€;WEI} Since the: adhesivenezas Bf {he itaiitpsem‘sm unit is imprcxved, light: irradiatian. and Eight

receptian can baa: yarfm‘mad Efficiflntiy, and hm‘metric .infnrmatim can be detected with high

accuracy.

{804. 13

Iéierei’nafmn at}, emizmfimmt m“ a. biaiogim} iz‘lfmimatiom nmasming appamms awarding m the

'pr’egem im-‘mltitm W13} be desecribad with reference. it: HESS“

{88% 2E

As ShQWH in FIGS 1 it»: Ethehmmgicai imf:.n‘rnatim’1meagm‘ing agparams: 3 according in {he

premnt Embodiment is a wrisgtwatch type and ciateats a puke rate which is biaiugica’i infm‘maiien

in a state {31" hag-mg worn rm :21 Wi‘ifii {arm} 5%

[UGQSE

"The bigimgicafi infL}:t,rz:.z1tin1 .rnfiazmring apparatus .1. inuiusies a housing {311131191 body} 2 gun-{raining

varirms {fiech‘ic 921145 and Eéiech‘c‘mic garis, and fixing meant? for afiachiug {this £11315ng 2 m the

wrist A with the. iuwer surfaces 25: (if {has musing 2 facing the bimogicai surface B side‘. 3 is

prm'ided.

Fz‘zi‘tfi‘xer, {hf-3 lawer' Sill‘fflfifl 2a 0'? {he hon-Sing 2 is ihmmd with a protruding po'm‘nn 4‘} pmii_ru€§i'ng

from the. immr sm‘fam 23..

[0844E

An LED (Light Staining mode} 5 that ix‘racjiates th‘r toward 6*}? Eivirzg hefiy Whiie being in

commit: with the Surface: B {if the: living bady, and the light {unmet} by flu), {£53 :3 “311131119? PD

{Phamdetectur} (light receiving unii} '8 that ramivw refiectted Eight from the living bed}; and

gemez‘a’ies a pulse signai (biologicai inibnna’iion signafi} cor‘mspsnding {it} the amaum: of Eighi

receivad. and LED 5 and P138 are. in contact with Living bedy Surface- B A bimsmnsor unit 3 having

a cmtact {ietficiian magma 3’ for detmi‘ing the abm‘e £5 flispmsed

{8045§

In {ha hmxfii’i’ig 2. 2‘: data pmcasfing unit {hinmgicai infhmiaiit’m deteaifim unit} 9 Lina? deflects the!

puise rate basafi {m the geneammci 1311138. sigma! i3 prm-‘ideci

1143mm 1153
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{£394 SE

The hiflifiiilg 2' is mafia :31" a meta} n‘aéiteriéfl smth as piasfic mi aiun‘zinum and has a predetermined

{hick-mam fax? exampm, 21 smastami‘afly :‘zéetmnguiasf shape when flawed fmz‘n abm‘e.

A cave? @5153 3.0 having a Substantially square shape is fitted. in a {tantra}. pmtimn 9f the. upper

surfiacva 3b of the housing 3‘, and a. display unit i1 fbr‘ dispia‘ying the detected puisg rate 3115

()Ehfi‘i“ variants infiwmatian is pmfideti insirzie the newer glas‘s .18. {t is aa‘raszgeé.

EQUQTE

Furihen as Shawn in FIGS. 8 and 2?, a mafia bGI-ifli 12 i3 pmfifiad m {ha hanging 2 and {he dam

prmsesging unit. 9, {has (3313;32:ng unit 1 :L the: rechargeabia {Jammy 13? EM mammary 14 {hr i‘é‘siffifll'diflg

{ha puifie rate-E the subhuax‘d 3. 5 and ether variaus E'Eectrtmic mmpanems are electricaifiy

cannecmii by n‘muming m wiring.

[604%

The. {Ema processing unit 9 inciiudes an IC compmem such as a CH}: and after the guise signal

gaagmi‘atar}. by the FD {3 is once an'ipfified by Lin amp’iifim‘ m the. 'iike, a {'deEemmrinefi prowess

$133138 a fast: .an‘ier transfmm pracess {FEET gracess} is pm‘femled. it Ems a. fix nation (”if detaitting

'i’hB puke rate by arsaiyaing the. pmcessing result

The (iata processing um“? 9 research the detected pulse rate in the. memory ‘i 4 anti fiispiay‘s it an

{ha {3339133} unit 1 I based {m inpuf. fmm earth 1311‘th 2Q {ifii‘scribeti Eater.

Further, the {Sate pramssing unit 9 has a f'uncticm Bf mmprelmnsiveiy watmfling whar-

wmpmwmfia

[894%

NJEQQTQ “$3
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