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JP2007319232 (A)
(Machine translated 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, ;SOLUTION: 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 sensoris 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 relates to a wristwatch-type

biological information measuring apparatus 10 that measures a pulse 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 fram the peripheral portion, and the

pulse wave sensoris installed inside the sensor window. .The

bialogical information measuring device

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

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

Conventionally, 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 biological information measuring device, a device for

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

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

(Japanese Patent No, 3722203). -Patent Document 1).

[G003] 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

sensorpart 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 also
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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 sensor-body 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.

[G005] 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

[00071] The present invention has been made in view of the problemsof the prior art

described above, in the shape to fit the wrist of the userIt 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 wearability.

[0009] The present invention can further cape 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 js 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 battam surface, and the
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casing has a concave shape. tn 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
sensoris 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.

[G012] 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,

[0014] 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 biological 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 befilled with a part of

the concave surface of the lower surface of the housing.

[0018] Further, in the biological 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 an the lower surface of

the housing.

[6019] In the biological information measuring device of the. above invention, the

wrist-wom 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.

[6020] in the biological information measuring apparatus according to the invention,
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the pulse wave signal from the external pulse wave sensoris 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.

[G021] The biological information measuring apparatus according to the present

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

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 jower 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 measurementsignal of the second pulse wave sensor;

Among the measurementstability determination means for determining whether

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

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

sensor, The biological information measuring apparatus includes an analysis unit

that performs pulse wave detection using a measurementsignal from a pulse wave

sensor that outputs the determined measurementsignal.

[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 rellably, 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) FIG. 1 shows a functional configuration of a biological

information measuring apparatus 10 accarding to a first embodimentof the present

invention, and FIG. 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 backlight

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. {n 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 shownin FIG. L, the biological information measuring device 10 of the present

embodimentis 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 pulse 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 selecting 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 amplifying and filtering the

measured pulse wave waveform Thefilter 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/ D conversion unit 17 for A / D converting the output of first pulse wave

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

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

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 -2G to 2G in three

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

main body 10.

[0032] 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 vesse! 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 measurementunit 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

f BD 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 threshald 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 movementdata, 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

contral 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 movementfrom 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 ta 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 frarn 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 embodimentis always ON, and when the biological measurementis 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 fight 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.

[6041] 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. lf 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 FIG. 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 measurementunit 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

closely_contact | adhere to a wrist and the Ist pulse wave measurement part 11

can be made to contact skin stably.

[0042] In consideration of the ease of processing the housing and thelike, 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

FIG, 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 toe 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. | have to. Further, the Jang 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 belted 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 FIG. 3, in order to further improve the

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

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

It can also be formed on the lower surface 100 of the housing.

The height of the first pulse 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 FIG. 6, the first pulse wave measurement

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

concave surface of the lower surface of the housing 100.

The biological 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 pulse wave. The human body has more arterioles near the skin

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

photoelectric pulse wave sensor, the level of the pulse wave that can be detected is

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

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

measurement with the palm by wrapping the second pulse wave measurementunit

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

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

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

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 pulse wave with the palm instead of the

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

measurement signal of the second pulse wave measurement unit 12 is prioritized

and the pulse wave measurement is performed.

As shown in FIG. 7 and FiG. 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 little 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 biological information measuring

device 10, as shown in FIGS. 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 belt direction from the center.

The pulse 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 pulse wave measurement unit 12, the pulse wave

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

measurement device 10 side. In order to monitor, a pin connected to the 10 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 !O pin of the CPU is pulled up to the power supply voltage.

Then, the power supply voltage is applied to the IO 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 $13).

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 ts used

at zero bias) (for example, the LED cathode and the PD anode), the numberof 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.

[Q049] The second example is a method of determining whether or not the second

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

FIG. 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 S21), and measures a pulse wave for a certain time, for

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

$22). FIG. 13 shows an example of a pulse wave waveform when the second pulse

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. it 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 Japse 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 vaiue set on both sides of the offset voltage or one (step $23), and if there

is no fluctuation, the second pulse waveIt is determined that the measurement unit

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

it is determined that the first pulse wave measurement unit 11 is used (step $26).

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

value in step $23, 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 numberof times, for example, 5 times or more in 10

seconds (step $24). It is determined that the two pulse wave measurement unit 12

is used (step $25), otherwise it is determined that the second pulse wave

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

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

measurement unit 11 is used (step $26).

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 FIG. 1,

and the external appearance of the hardware is also the first embodiment shownin

FIG. 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 measurementis 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.

[G054] 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

$21}, 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 $22). Then,

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

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

upper and lower sides of the offset voltage (step $23). 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 $26).

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

value in step $23, 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 orless).

Whether the second pulse wave measuring unit 12 is preferentially used (step S25).

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

preferentially used (step S26).

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

start of measurement, the process proceeds to the flowchart of FIG. 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 $31). 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 $32), and the numberof pulse

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

detected. It is determined 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 waveinterval (step $35}, 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 S36). 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 measurementunit that is

first used preferentially and performs pulse wave measurement, assuming that

measurement has not been performed correctly (step S34). Thereafter, by

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

better accuracy. The processing for the pulse wave signal measured by the pulse

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 pulse 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] FIG. 2 15 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 | 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 | 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 | casing which makes an elliptical 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 showsthe 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 | casing. The flowchart of an example of the

selection Judgment process of the Ist 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 Ist 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 reqular pulse wave measurernent signal input from

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

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

measurement signal input from the connectorfor 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 1st pulse wave measurement part and the 2nd pulse wave measurementpart

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 windowis provided so

as to protrude from a peripheral portion, and a pulse wave sensoris 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 js configured by a flat surface that can be formed byfilling a part
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of a concave surface of the Jjower 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 sensorinstalled 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 measurementsignal of the first pulse wave sensor and the measurementsignal

of the second pulse wave sensor are compared. Among the measurementstability

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 TECHNOLOGYFOR 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 from 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 bonestructure.

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 formsto different shaped and

sized ear canals.

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

receive physiological signals therefrom.

545



546

10

15

20

25

30

WO 2007/004083 PCT/1IB2006/051892

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 further 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.

FIGURE2 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.

FIGURE4 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.

FIGURE5 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.

FIGURE7 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-car 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 FIGURES2-4

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.

FIGURE3 depicts an aspect in whichthe 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.

FIGURE5 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.

FIGURE6 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 oneside 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 meansincluding 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 variouselectronics 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 FIGURES8-11, 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 devicetip

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 eartissue.

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 thetissue,

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 throughthe structure 4, bend aroundthe 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 claimsor 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 bonestructure.

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 zoneof 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 blanchingofthe 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 ambientlight.

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 ambientair 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 bonestructure.

20. The method according to claim 19, further 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, further 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 from 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

expandsthe 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, perfusion, 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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Abstract af CNT27O7S3 (A)

A non-trauima continuous measuring blood-pressure method is as follows: the volume
pulse wave is first detected and a pressurizing device is controlled to pressurize tested
artery externally to make the average volinne reach no-load slate. In the subsequent
closed-loop operation state, fhe volume ouise wave is amplified, and itis usec to
control the pressure of the pressurizing device. When the volurne of the tesied artery is
l@miied fo the volume of no-load sinie, a pressure sensor is used io measure the
oressure of pressurizing bag repressenting the ariery blood pressure continuously, The
oresent invention features that the volume detection is for the artery and the external
oressurized position is on the proper part of wrist, and only one wrist radial artery and
one of ulnar arteries aredetected and pressurized.
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Patent Transiate
Pawered by EFO and Googie 

Notice
This translation is machine-generated. It cannot be guaranteed thatit is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should notbe

based on machine-translation output.

CLAIMS CN1270793

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 measuredartery in an open-loop workingstate, so that Measure the average volumeofarterial

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

Connect a servo amplifier circuit to amplify the volume pulse anduseit to further control the pressure of the

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

completely embeddedinits unloaded state, a pressure sensoris used to continuously measure the pressure value

ofthe pressurized capsule to continuouslyrepresent the inside of the measured artery. The blood pressure value

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

on the appropriate part of the wrist, and only onearteryof the wrist arteries and ulnararteries 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 of the

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

detection device relative to the measuredartery remains unchanged;

B. Turn on feedback-control the system to the working state, so as to enter the closed loop control of the above

openloop.

2s

A non-invasive method for continuous blood pressure measurement accordingto claim 1, characterized in that

11-12-2019 1
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the compression center of the arterial compression device should be aligned with the superficial flexor artery or

ulnararteryat the wrist.

3y

The non-invasive continuous blood pressure measurement method according to claim 1, characterized inthat

the diameter of the compressionarea to compress the arteries to be measured should be 1 / 2-1/3 of the

diameter ofthe wrist to be measured to ensure that The pressure can befully transmitted to the depth ofthe

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

large, so that the pressure in the capsule cannotbe quicklycontrolled.

4,

A non-invasive continuous blood pressure measurement method accordingto claim 1, characterized in thatsaid

arterial compression device should befixed onsaid wrist position bya fixing device having a certain hardness and

a certain elasticity.

55

The non-invasive continuous blood pressure measurement method accordingto claim4, characterized in that

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

area of the compression device.

6.

‘The non-invasive continuous blood pressure measurement method accordingto claim 1, characterized in that

the center of the detection range of the blood vessel volumedetection deviceis also unsuccessfully aligned with

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

qs

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

angle of the palmrelative to the wrist and the angle of the wrist closer to the elbowjointrelative to the forearm
should befixed.

8.

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

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

arteries of the arterial artery and the ulnar artery.

11-12-2019 2
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An apparatus based on the method for continuously measuring blood pressure accordingto 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 measuredarteryis a

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

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

mentioned photoelectric volume probeis a locally pressurized capsule with external compression.

The photoelectric volume probe andthe pressurized capsule are arranged onafixed device.

10.

The non-invasive continuous blood pressure measuring device according to claim9, characterized in that the

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

compression capsule The inner wall of the 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.

il,

The non-invasive continuous blood pressure measuring device accordingto claim 9, characterized in that the

fixing device of the pressurized capsule bodyis 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 11, characterizedin that

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

have a concave-convex shapethatfits the wrist. .

13.

The non-invasive continuous blood pressure measuring device accordingto claim 9 or 11, characterized inthat

the pressurized bladder can be integrated witha strap, thatis, on the side ofthe 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 madeofthe translucent materialis

sealed with the edge ofthe recess ofthe strap.

11-12-2019 3
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14,

The non-invasive continuous blood pressure measurement device according to claim9, wherein the

photoelectric volume probeis a reflective photoelectric sensor composed ofa 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 bodyis fixed along the length directionof the bag fixing strap at an interval of 5-10

mm, and the midpointof the line connecting the two devicesis aligned with the center of the inner sidewall.

15.

The non-invasive continuous blood pressure measuring device according to claim 9, wherein thefixing device

further comprises a wrist fixing bracket.

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

should ensure that it covers the entire hack of the hand from the base of the finger to the elbowjoint, the back of

the wrist, and the back half of the forearm.Its shape should ensure thatits inner side matches the shape of the
backof 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 innerside of

the fixing bracket. pad.

17.

The non-invasive continuous blood pressure measuring device according to claim 9 or 15, characterizedin 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

measuremeni-feedback control systemis a measurement-feedback control system that continuously measures

blood pressure based on the vascular no-load method.

11-12-2019 4
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19.

The non-invasive continuous blood pressure measuring device according to claim 9 or14, characterized in that

the pressurized capsules embeddedin the photoelectric volume probe can be respectively fixed on the flexural

artery and the ulnarartery of the wrist respectively. One and use a switching device to make themalternately

perform volumedetection and external compression onthe arterioles and ulnar arteries.

20.

A non-invasive continuous blood pressure measurement device according to claim 9, characterizedin that the

measurement-feedback control system or a part thereofis integrated with the fixing device of the compression

capsule.

11-12-2019 5
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This translation is machine-generated. It cannot be guaranteed thatit is intelligible, accurate, complete, reliable or
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DESCRIPTION CN1270793

Method and device for non-invasive continuous blood pressure measurement

The inventionrelates to a method and a device for detecting blood pressure or blood flow,in particular toa

method and a device for continuously and non-invasively measuring the arterial blood pressure of a human body

based onthe principle of the vascular no-load method.

tnorder to continuously measure the arterial blood pressure of the humanbodyatall times, in order to

continuously monitor and track the instantaneous changes of human blood pressure, for manyyears, it has been

traditionallyused clinicallyto insert a catheter into a superficial arterial blood vessel (mostlythe flexorartery of

the wrist). A methodofdirecting arterial blood into a pressure sensor for direct pressure measurement. Because

this traditional methodis traumatic, there are always complicated operations and pain to patients (so this method

of pressure measurement can only be performed under anesthesia), especially afteruse,it is easy to cause

bleeding, infection, thrombosis, Complications such as embolism and nerve damage orsequelae.

Forthis reason, in recent years, a variety of non-invasive continuous blood pressure measurement methods have

beenstudied, the most notable of whichis the so-called "vascular no-load method" (or “volume ernbedding

method", "volume compensation method") Methods. Based on this method, several blood pressure

measurement devices have been developed abroad (Cs133205, 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 measuredartery (that is, the change in the arterial volume caused by thearterial

wall following the blood pressure wave pulse), and at the sametime 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 wail of the artery under

test is not onlyaffected bythe original blood pressure wave on the inside, but also bythe external pressure on the

11-12-2019 1
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outside, which makes the measured Thearterial 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 waveartificially superimposed on the volume pulse reaches the maximum,or the

descending section of its curve shows a downward depression Whenits baseline height (average value) drops to

1/3 ofthe baseline height whenthe artery begins to empty,etc.}, it means that the vessel wall of the measured

arteryis atits softest, that is, without any circumferential direction. Pulsing in the so-called "unloadedstate” of

tension. Atthis time, a servo amplifier circuit is connected to amplify the volumetric pulse wave anduse 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 ofthe 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 outersides of

the blood vessel wall of the measured artery reach dynamic equilibrium,the bloodvessel wall of the measured

artery will no longer pulsate with the blood pressure wave in the blood vessel. Its vascular volume will be

embeddedin its volume when unloaded.Atthis time, as long as the pressure value ofthe 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 measurementresults are not easily

affected by the patient's body motioninterference,it is relatively a non-invasive continuous blood pressure

measurement method suitable for clinical applications. However, this methodalso hasthe following problems:

@This methodis generally used onfingers to measurefinger arterial pressure. This is mainly becauseitis
convenient to realize photoelectric blood vessel volume wave detection on the finger, andit 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"(thatis, the blood pressure of the large arteries close to the heart) that is generally

used to determine whetherthe patient's blood pressure is normal. Under normal circumstances, it should be

about 10mmHglower.If arteriosclerosis occurs, the difference can reach tens of mmHg. What's more important

is that the smooth muscle componentsin the walls of small arteries are larger than those in the walls of large

arteries, and these vascular smooth muscle componentsare easily affected by various factors (suchas cold,

anesthesia, etc.) to cause contraction orrelaxation, resulting in small arteries. The blood pressure varies so much

that the blood pressure measured with finger arteries on many occasions cannot be used to reflect the patient's

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 onthe fingers. @) Whenthis methodis used to conypress the fingerarteries, a

round tube-shaped balloon (watersac) is generally used to press the entire middleorbase of the finger. During

continuous blood pressure measurement, the pressure in the balloon (watersac) 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 flowto the arteries in the compressed part. It will not cause the blood flowto be blocked, butit

will completely bleck the blood flowofall the venous and capillary blood vessels in the compressedpart, causing

congestion of the finger downstream of the measuredpart, so it is not suitable for continuoususe fora longtime.

In response to the above problem (), there have been attempts to apply this vascular no-load principle to the
upper arm to measure the blood pressure ofthe brachial artery. The results showthat although this can measure
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the systemic blood pressure close to the aorta, because the position of the brachial arteryin the upper armis very

deep, to fully compress the brachial artery, the upper arm must be pressurized at or nearthe entire circumference.

In a shortperiod of time, the bloodcirculation ofthe entire forearm and hand downstream will be seriously

affected; in addition, in response to the above problem @), some people have also used this vascular no-load

principle to measure the temporality of the head Anattemptat arterial blood pressure. The basic starting pointis

that the head has a rich network ofarteries and veins. Ifa small airbag (water sac) is used to compress the

temporal artery only, continuous blood pressure measurement will not affect the bloodcirculationin 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 continuoususewill also cause

headache,dizziness and other symptoms. Moreover, the temporalarteries are also peripheral arterioles, and the

blood pressure measured on the temporalarteries 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 can 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 orderto achieve the above object. the solution adopted by the present invention is to change the measurement

site of the existing vascular no-load method, thatis, 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

oneof the two arteries of the wrist (the flexor artery and the ulnar artery).

The present invention is based on: @Although the diameterofthe flexorartery or ulnarartery is slightly smaller

than the diameterofthe 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 componentin the vessel wall of the flexure artery or ulnar

artery is small. Because of the finger arteries and temporalarteries, the blood pressure ofthe flexorarteries or

ulnar arteries is closer to the body's blood pressure thanthe finger arteries and temporalarteries, which are much

less affected by various factors. And even when the patient's circulatory functionis poor, the blood vessel volume

wave can always be measured onthe 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 ofthe 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 manyyears. As forthe blood pressure value of the wrist artery, it has always been

used byclinical medical personnel as the most reliable and accurate criterion for the whole-bodyblood pressure

of the human body. Therefore, continuous measurement of blood pressure using the blood vessel no-load

method withouttrauma at the wrist has a high clinical value. 2) In normalpeople, there are more than two
arteries and veins on the wrist. Two of them (the arterioles and ulnararteries} are connected to each other

through twoarterial 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 intercormectedness of these blood vessels ensures that even if one artery or / and

part of the veins of the wrist are blocked for a long time, the blood of the handis still flowing when the other

artery and mostof the veins canstill 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

ofthe arteries of the wrist torsion and the ulnar artery. In fact, because the radial and ulnararteries are superficial

when passing through the wrist, and theyare far apart, the distributionof several veins in the wrist is also

scattered. It is necessary to fully compress onlyone artery in the wrist. At the same time, it can ensure the smooth

flowofblood in anotherartery and most otherveins. In addition,if such a non-invasive continuous blood

pressure measurementis performed on the wrist, it is obvious that there are also advantages such as convenient

operation and easyfixing of the pressure device.

Drawing description:

FIG. 1 isa general block diagram of an embodimentofthe present invention.

FIG.2 isa schematic diagram of a wrist device in the embodiment shown in FIG. 1.

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 aschematic structural diagram of a fourth embodimentof the present invention

The presentinvention will be further described in detail by the following examples.

FIG.1 is a general block diagram of an embodimentof the present invention. It shows that this embodiment

includes two parts, ofwhich thefirst part is a wrist device 1, which is mainly a device for volume detection and

external compressionof the wrist arteries; the secondpart is a measurement-feedback control system2. In order

to highlight howthe 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 measurementin the existing early product Finapres TM2300. -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 alnar

artery 12 of the wrist, so as to realize continuous blood pressure measurementofthe flexural artery. This wrist

device | includes four parts: a flexor artery compression balloon 3, a balloonfixation band 4, a flexure volume

probe 5 and a wristfixation support6.

The arterial compression balloon 3 is a Hat, 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 ofthe airbag should be

fixed so thatits center can be aligned with the superficial radial artery of the wrist; on the other hand, The

diameterofthis balloon shouldbe sufficiently large, but too large pressure on the other ulnar artery 12 and other

verious vessels simultaneously will increase the volumeofthe balloon, makingit 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 ofthe flexuralartery, 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 tofix the pressurized airbag 3 at the above-mentioned wrist position. Infact, in

orderto simplify the structure, the present embodimentintegrates the airbag 3 andthe strap 4, thatis, a diameter

with a certain thickness and hardnessis used, and a diameter is processed onthe surface of the wrist facing the

position correspondingto. the airbag. A flat round pit having the sarne diameteras the airbag 3, and then the edge

of the above-mentioned airbag inner wall 7 made ofthefilm is bondedto the edgeof the recess of the strap 4 so

that the airbag inner wall 7 made of the film and the The cavity with a certainrigidity on the strap 4 constitutes the

airbag 3 described above. Whenthe blood pressure is continuously measured by the non-invasive method of

blood pressure, the internal pressure of the balloon 3 will be pulsated accordingto the blood pressure of the

arterial artery 11, in orderto ensure that the position of the balloon does not occur in anydirection under the

action of this large pulsed internal pressure. The self-excited oscillation. of the feedback control systemis caused

by the beating of the belt. The strap 4 as a whole should have a certain degree ofrigidity, and its two ends should

be fixed with non-scalable devices. In this embodiment, both ends ofthis 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 certainelasticity, so that when

the wrist is slightly thinned after being continuously pressed for a long time,its resilience can also enableit to

fasten the airbag on the wrist without happening Loose. Onthe other hand,in order to ensure that the measured

arterial artery is fully compressed bythe 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 affectit. For the

bloodcirculation 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 shouldbe as large as
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possible (greater than 50mmfor ordinary adults) and the strap should be tied. The skin-facing surface has a

concave-convex shape thatfits the wrist.

The arterial volume probe5 is a reflective photoelectric sensor. In orderto facilitate the use of the strap 4 to fix the

probe to the wrist together withthe airbag 3, and not to prevent the airbag fromclinging to the wrist watch face,

this probeis built into the inside ofthe airbag. This probe is composed ofa light emitting device 9 and a

photoelectric device 10. These two devices 9 and 10 are attached to the innersurface of the inner side wall 7 of the

airbag 3 made of a translucent filmatintervals of 5-10 mm. Whenpasting, the light-emitting surface of the light-

emitting device 9 and the light-receiving surface of the optoelectronic device 10 should face the innersurface 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 tortuousartery, that is, Along the length ofthe strap; at the same time, align the midpointof the

line with the center of the inner wall 7 of the film to ensure that whenthe centerof the airbag 3 is aligned with the

superficial flexare 11 of the wrist, the two devices 9 and 10 If can be located on both sides of the radial artery on

the skin surface ofthe wrist, so that the center of the detection range of the volume probeis exactly aligned with

the radial artery. When the volume probe 5 is used to detect changes in the blood vessel volumeofthe arteries 11,

the light emitted by the light emitting device 9 therein passes through the inner wall 7 of the airbag 3 made of a

translucentfilmand enters the inside of the wrist. The surroundingsofttissueis reflected into the optoelectronic

device 10. The change in the volumeofthe arterial artery 11 will cause the light intensity reflected to the

optoelectronic device 10 to change, so that the output current of the optoelectronic device 10 will change. Thus,

the volume probe 5 will convert the volume ofthe arterial artery with the change of the blood pressure wave into

The arterial volume pulse wave signalis output.

The wrist fixing support 6 is used to fix the angle of the palm relative to the wrist and the angle ofthe wrist close to

the elbow jointrelative 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 probe5relative to the arterial artery 11 remains unchanged. At the same time, the use ofthis fixing

bracket can also distribute the pressure on the backof 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 ensurethatit

covers the entire back of the hand from the base ofthe finger to the elbowjoint, the back of the wrist, and the

back half of the forearm.Its shape should ensure thatits inner side can matchthe shape of the back of the hand,

the back of the wrist, and the back of the forearm(thus, in orderto adaptto the forearmof different lengths and

thicknesses, several fixed supports need to be made separately). The wrist fixing bracket6 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 bracket6. In order to avoid the uncomfortable subject caused by therigid support, a pad 16 of soft material

can be glued onthe innerside of the support, but this pad should not be too thick and too soft, otherwiseit 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 contro!

system generates self-excited oscillation.
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The following describes howthe above-mentioned wrist device 1 is used in this embodimentto perform

continuous blood pressure measurementofthe arterial artery without trauma. As shown in FIG.1, when the

above-mentioned wrist device 1 is used to measurethe arterial blood pressure, the wrist device must be

connected to a measurement-feedback control system 2 for the purposeof controlling vascular no-load. In this

embodiment, this measurement-feedback control system2 uses an early measurement-feedback controlsystem

in the Finafres product for continuous and non-invasive measurementof finger blood pressure based on the

principle of the vascular no-load method. The method of combining is very simple, thatis, the leads of the light-

emitting device 9 and the photoelectric device 10 in the arterial volume probe 4 in the wrist device 1 are

respectively used with the finger-arterial volume probe in the measurement-feedback control system of Finapres.

The output endofthe light-emitting device power supply (the output endis omitted in FIG. 1) is connectedto

the volumesignal input end 17 of the photoelectric device, and the airwayof the flexor arterial compression

balloon 3 in the wrist device 1 is measured with Finapres -A voltage-pressure conversion device in a feedback

contral system is connected to an air tube 18 that was originally used to supply air to the fingerarterial

compression balloon.

Whenthe embodimentconsisting of the above-mentioned wrist device 1 and the measurement-feedback control

system 2.in Finapres is used for non-invasive continuous measurementof thearterial blood pressure, the subject's

back, wrist and forearmarefirst fixed on the wrist In the wrist fixing bracket 6 in the device 1, and thenalign 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 endsofthefixing strap are fixed together with the wristfixing

bracket 6 by a Velcro 8. After the above fixation and connection are completed, the measurement-reversing

contral system 2 enters an automatic working state. Among them,at the beginning of continuous blood pressure

measurement, in orderto find and record the volume ofthe subject's arterial flexure in the unloadedstate, the

measuremeni-feedback contral system 2 first connects the operating state switch 19 to the “open loop"position.

In this open-loop workingstate, the volume probe 5 in the wrist device 1 converts the blood vessel volume ofthe

flexorartery with the change in blood pressure wave into the flexure artery volume wave,and at the sametime,

the airbag pressuresetting circuit 20 in the systemstarts 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 ofthe arterial artery increases, the amplitude and shape ofthearterial

volume wave will change. When the amplitude ofthe arterial volume wave reaches a maximum,it means that the

volumeof the arterial artery's blood volumewith the blood pressure wave has changed up and downinthe

volume of the unloaded state ofthe vessel. At this time, the systemwill cause the airbag pressuresetting circuit 20

to stop the pressure adjustment ofthe airbag 3, and cause an unloaded volume memorycircuit 22 to record the

mean value (DC component) ofthe flexural artery volume waveatthis time as the subject's flexural artery. No-

load state volume VO. After finding and memorizing the unloaded state volume V0 ofthe subject ’ s arterial
artery, the measurement-feedback control system 2 automatically connects the workingstate switch 19 to the

“closed loop"position, and gradually increases the gain of the servo amplifier circuit 23, The difference between

the volume wavedetected by the volume probe 5 and the volume wave nearthe 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 {i.e., the arterial blood vessel volume) The AC componentof the wave is amplified, and the voltage-to-

pressure converter 21 is driven to control the airbag 3 to further applythe 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 Beganto pet smaller. Since the gainof the servo amplifier

circuit 23 is adjusted so that the pressure applied bythe 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 completelythe 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 flexuralartery will no longer pulsate with the

blood pressure wave in the vessel, and the volume of the flexural artery will be completely embedded in its

unloaded volume V0. Therefore, in the closed-loop workingstate, 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 ofthe radial

artery 11 eventually reaches zero, it can be sure that the pressure in the airbag 3 starts to increase. At any time, the

bloodpressure inthe arterial artery 11 is equal. At this time, the pressure sensor 25 connected to the pressurized

balloon 3 is used to continuously measare the internal pressure of the pressurized balloon 3 to achieve a non-

invasive continuous measurementofthe arterial blood pressure.

The abovelist 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 ofthe two arteries of the wrist for continuous measurement of blood pressure does

not necessarily require selection of the flexural artery. As a second embodimentof the present invention, the

ulnar artery of the wrist can also be selected as the measured artery, and its measurement method It is the sameas

EmbodimentI, and is not repeated here.

A third embodiment of the present inventionis to place a pressurized balloonwith a vascular volume probeinit

at a position correspondingto theflexor artery and ulnarartery of the wrist, and a switching device so that they

are arrangedat intervals Alternate the volume and external compression of the flexural and ulnar arteries. The

wrist device is shownin 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 embodimentof the presentinvention is shown in FIG.5. In this embodiment, the wrist fixing bracketis

formed by using multiple brackets. These pallets are connected to each other by an adjustable connection

mechanism (such as a universaljoint), so that the wrist fixed pallets assembled bythese pallets can be adjusted

into various shapesfor subjects with differentfat, 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 thatis

originally used for fingers, in which the measuredarterial volume pulse wave is used Whether the amplitude

reaches the maximum is used as a criterion for judging whetherthe arterial vessel undertest is in an unloaded

state, and a controlair pressure is used to control the external pressure applied to the arterial being tested. Infact,

the measurement-feedback control systemin the present invention can be other measurement-feedback control

systems that continuously measure blood pressure based on the no-load methodofblood vessels. For example, it

can use other criteria (such as the shape of arterial volume waves) to determine The unloadedstate ofthe

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 balloonof 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, voltage-pressure converter, and even the entire control systemin 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 convenientforclinical

application.
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attached. Contact portions at the distal end of the beam
is in contact with the patient's arm, so that piezoelectric
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uated. The distal ends of the pressing legs are also
pressed against the patient's arm. The pressing legs
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the pressing legs can be altered by handling a microm-
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Description

TECHNICAL FIELD

[0001] The presentinvention 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 senseof touchtraditionally in Oriental medi-
cine.

[0003] More specifically, the diagnostician presses the
patient's wrist by his fingers and measures blood pulse
waveof the radial artery by the finger’s 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 parameterin the field of Ori-
ental medicine.

[0004] Figs. 22A to 22C respectively show curvesindi-
cating amplitude variations of the sensed pulse wave
due to pressure change. These curvesare called "fen-
dency curves" in Oriental medicine.
[0005] The tendency curve in Fig. 22A has a peak at
the center thereof. That is, when a medium pressureis
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 peakat
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 pressureis applied,
but pulse wave weakens when the applied pressure
rises. This phenomenonis called "Hua" and this kind of
pulse waveis called "Hua-mai".
[0007] The tendency curve in Fig. 22C 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 weakpressure is
applied, but it can be detected when the pressure
applied by the diagnostician’s finger rises. This phe-
nomenonis called "Xuan" and this kind of pulse waveis
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 ofillness. The Xuan-mai is on the other

hand caused by anincreasein the tension in the walls
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of the blood vessels because of other kinds of illness.

Thus, the correlation between the giveninitial 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 samepressureis given, the dis-
placement of the organism tissues is dependent on the
individuality. The amplitude of pulse waverelates to the
distance betweenthe skin surface and the blood vessel

whenthe pressureis applied, and to the configuration of
the pressed blood vessel. In manual diagnosis by a
skilled diagnostician, he controls the pressure by him-
self, thereby judging that the patient's pulse wave
belongs to Ping-mai, Hua-maior, 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 sensoris strained dueto 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 tissuesin the vicinity of the blood vessels as well as
the blood vessels. EvenIf the same pressure is applied
to the cuff, the pressurein the blood vesselis 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
sensoris 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 sirain gauge
mountedon the finger sheath of the glove. The diagnos-
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tician wears the rubber glove and presses thestrain
gauge against the skin over the radial artery of the
patient using with his finger, whereby the strain gauge
detects blood pulse wave.

[0015] Itis necessary for the diagnostician to hold the
sensor abovetheradial artery of the patient when using
such a blood vessel measuring device with the pen-like
holder or rubber glove. However, sinceit 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
someerrors.

[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 sensoris 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] Itis 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, 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.
[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 betweenthe ves-
sel-vicinity pressing portions is adjusted, effect by skin
tension can be constant, wherebytheinitial pressure
maybe 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 vesselpressing 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 downthe 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 presentinvention, 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 atintervals
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 wavesignal 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
harderthan the blood vesselof the organism and having
distal ends, respectively, the distal ends being pressed
against the skin of the organism at both sidesof 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 harderthan 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
maybealtered desirably. Furthermore, by meansof 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 memberandslid-
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 accordancewith this pulse wave measuring
device, the diagnostician manually handles the perpen-
dicular sliding member, so that the measuring meansis
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 maybe achieved.
[0028] In another embodimentof 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
meanssituated at the perpendicular sliding memberfor
measuring pulse waveat a blood vessel of an organism;
third and fourth toothed portions formed at mutual slid-
ing faces of the supporting memberand 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 embodimentof the present inven-
tion, a pulse wave measuring device may comprise; a
supporting member; a perpendicular sliding member
which is supported by the supporting memberandslid-
able perpendicularly in relation to the supporting mem-
ber; a transversesliding 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
memberfor measuring a pulse wave at a blood vesselof
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 transverseslid-
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 memberwhich
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 perpendicularslid-
ing member which is screwed in the screw hole of the
transverse sliding member and movable perpendicu-
larly to the transverse sliding memberby rotation; and
measuring meanssituated at the perpendicular sliding
memberfor 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 memberandslid-
able perpendicularly in relation to the supporting mem-
ber; measuring means situated at the perpendicular
sliding memberfor measuring pulsation at a measured
subject of a measured thing; and first and second
toothed portions formed at mutual sliding faces of the
supporting memberand 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 memberwhich is supported by the
transverse sliding memberand slidable perpendicularly
in relation to the transversesliding member; measuring
meanssituated at the perpendicular sliding memberfor
measuring pulsation at a measured subject of a meas-
ured thing; third and fourth toothed portions formed at
mutualsliding faces of the supporting member and the
transverse sliding member, respectively and meshed
with each other; and fifth and sixth toothed portions
formed at mutualsliding faces of the transversesliding
memberand the perpendicularsliding 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 andslid-
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 transverseslid-
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 meanssituated 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 betweenthe 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 anotherportion 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 anotherportion in addition to the thin-
ner portion, strain energy accumulatedin the piezoelec-
tric element can be enhanced. Therefore, the current

generated by ithe piezoelectric element can be
increased in comparison with priorart.
[0040] ~=In another aspect of the presentinvention, 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 whichthe 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 elementis relatively enhanced. Therefore, electric
energy converted from the strain energy by the piezoe-
lectric element can berelatively 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
devicein 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. 6Bis 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 atasill 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 embodimentof the present invention;
Fig. 11A is a conceptual diagram for describing the
correlation between enteringlight intensity and exdt-
ing light intensity according to Lambert-Beer law
when the material distance through which light
passes is AL;
Fig. 11B is a conceptual diagram for describing the
correlation between enteringlight 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 bodyincluding
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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 embodimentof the present invention;
Fig. 15 is a side view shoving a pulse wave meas-
uring device according to a third embodimentof 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 outputcircuit, 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 outputcircuit shownin 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 devicein relation to the relative thickness of the
thinner portions of the beam in the pressure meas-
uring device shownin Fig. 6A;
Fig. 22A is a graph showing a fendency curve of
Ping-maiindicating 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-mail;

Fig. 22C is a graph showing a tendencycurve of
Xuan-mai;

Fig. 23 is a perspective view showing a pulse wave
measuring device according to a fifth embodiment
of the present invention;
Fig. 24 is a side view showing the pulse wave
measuring devicein 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 holderis altered;

Fig. 27 is a perspective view showing anothervari-
ant of the pulse wave measuring device according
to the fifth embodiment, in which an arm holderis
altered;
Fig. 28 is an enlarged side view showing the con-
nection of the supporting member and the trans-
verse sliding memberof the pulse wave measuring
device according to thefifth embodiment;
Fig. 29 is a block diagram showingstructural ele-
ments for showing pulse waveform in a monitordis-
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play according to the signals from the pulse wave
measuring deviceofthe fifth embodiment;

Fig. 30 is anillustration 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 anothervariant of the
pulse wave measuring device according to the fifth
embodiment;
Fig. 33 is a side view showing anothervariant 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 embodimentof
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-
XXXIXin Fig. 39;
Fig. 40 is a bottom view showing a variantof 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 anothervariant of
a finger-insertion member, which may be used in
anyof the sixth and seventh embodiments;
Fig. 43 is a bottom view showing anothervariant 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 anyofthefifth
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 shownin Fig. 1, a pulse wave measuring
device 1 according to a first embodimentof the present
invention comprises a stand 2 placed onaflat 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 2bin the vertical plane can
be adjusted. These adjusting mechanisms are known,
so that the description thereof is omitted. By the above-
mentioned adjustmentof 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] Anarm support5is 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 5c is
formed in the vicinity of the hollow 5b. A cylindrical rod 6
is mounted on the projecting wall 5c, so as to extending
over the hollow 5b and parallel to the upper surface 5a.
[0046] A humanpatient'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 maybeinclined 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 oneof 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 supportedin a cantilever
manner by the supporting member 10. As will be
describedlater, 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. Asillustrated In Figs. 2A,
2B, 3, and 4, a pair of through-holes 12, through which
the screws 13 are inserted, are formed at the upperpor-
tion of the mounting plate 11.
[0049] At the lowerportion of the mounting plate 11, a
circular penetrating opening 14 is formed. Four screws
15 arranged around the opening 14 securea first per-
pendicularsliding plate 16 to the mounting plate 11. The
first perpendicular sliding plate 16, which is a substan-
tially rectangular planarplate, is provided with a perpen-
dicular guidance groove 17 at the side whichis 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
mannerthat the second sliding plate 18 is slidable in
relation to the first slidable plate 16. The second per-
pendicularsliding plate 18 is also a substantially rectan-
gular planarplate. A pair of parallel rails 19 and 20 are
fixed at the side, facing to thefirst slidable plate 16, of
the second sliding plate 18. The rails 19 and 20 are put
into the perpendicular guidance groove 17 of thefirst
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 secondsliding plates 16 and 18
from being separated from each other (not shown).
[0051] Pins 21 and 22 are arranged in the space
betweentherails 19 and 20. The upperpin 21 is fixed to
the second slidable plate 18 while the lower pin 22 is
fixed to thefirst 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 perpendicularslida-
ble plate 18 is always pulled downwardly.
[0052] As shownin Figs. 2A and 3, an L-shaped
bracket 25 is secured to the second perpendicularslid-
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 eachotherin a verticalline.

[0053] The sleeve 29 of a micrometer head 28is 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 secondsliding 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, whenthe spindle 32 contracts, the
second sliding plate 18 is lowered in relation to thefirst
sliding plate 16 by the force of the coil spring 23. Fig. 7
showsthe secondsliding 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 thepins 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 secondsliding plate 18. A fasten-
ing screw 40 is screwedin the holding block 39, and can
tightly fasten the arrow plate 37 in the vertical groove
39a when the screw 40is revolved. In summary, after
the height of the secondsliding 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 secondsliding 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 shownin 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 secondsliding
plate 18. The connecting plate is of a length in the verti-
cal direction greater than the double of the length of the
secondsliding plate 18. Circular penetrating openings
43 are formed at upper and lowerpositions of the con-
necting plate 42.
[0058]Afirst horizontal or transversesliding 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 46is formed at the
side, which is opposite to the connecting plate 42, of the
first transverse gliding plate 44.
[0059] At theside, 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 mannerthat the second transversesliding plate 47
is slidable in relation to the first transverse slidable plate
44. The secondtransversesliding plate 47 is also a sub-
stantially rectangular planarplate. A pair of parallel rails
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48 and 49 arefixed at the side, facing to the first trans-
verse slidable plate 44, of the second transversesliding
plate 47. The rails 48 and 49 are putinto the horizontal
guidance groove 46of thefirst transverse sliding plate
44, so that the second transversesliding 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 secondsliding plate 44
and 47 from being separated from each other (not
shown).

[0060] Pins 50 and 51 are arranged in the space
betweentherails 48 and 49. The pin 50 is fixed to the
secondslidable plate 47 while the other pin 51 is fixed to
thefirst 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 leftwardly in Fig. 2A.
[0061] As shown in Fig. 2A and 3, an L-shaped
bracket 54 is securedto thefirst transverse sliding plate
44 by screws 53 while another L-shaped bracket 56 is
secured to the second transversesliding plate 47 by
screws 55. The bent distal end 54a of the L-shaped
bracket 54 projects frontward in Fig. 2A while the bent
distal end 56a of the bracket 56 projects rearwardin Fig.
2A, so that the ends 54a and 56a overlap with each
otherin a horizontal line.

[0062] The sleeve 58 of a micrometer bead (adjusting
means) 57is 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 andis 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 transversesliding 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 lowerposi-
tion is shownin Fig.5.
[0064] With suchastructure, 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 secondsliding plate 47 is moved leftward in
Fig. 2A in relation to the first sliding plate 44 by the force
of the coil spring 52. Fig. 7 shows the secondsliding
plate 47 is moved leftward in comparisonwith the status
shownin Fig. 2A. The displacement of the secondslid-
ing plate 47 can be measured using with the dials of the
thimble 60 and sleeve 58 of the micrometer head 57.

[0065] Arectangular 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 shownin Fig. 2A, a bentfirst 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 securedto the right side face
of the connecting plate 42, a horizontal portion bent per-
pendicularly from the lower end of the vertical portion
66, andafirst pressing leg 68 bent obliquely and down-
wardly from the horizontal portion 67. As shownin 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 transversesliding plate 47 in Fig. 2A, anda
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 upperportion, and facesto thefirst 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 transversein relation to
the first transverse sliding plate 44 as described above,
the interval between the pressing legs 68 and 72 is
adjusted.
[0067] As shownin Fig. 2A, the pressing legs 68 and
72 maybeinto 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 shownfor clearly indicating the radius 101,
ulna 102, brachioradialis tendon 103, and flexor carpi
radial is tendon 104. Thefirst leg 68 presses the softer
or more elastic part betweenthe 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 hasless elasticity and other
parts have greater elasticity, the pressing legs 68 and
72 press downthe softer parts.
[0068] The structural elements of the supporting
member 10, i.e., the mounting plate 11, the first and
second perpendicularsliding plates 16 and 18, the con-
necting plate 42, the first and second transversesliding
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 horizonial 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 81is affixed to the horizontal portion 67
by a bolt 83 and nut 84 while the end of the supported
portion is pinched betweena 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 thefirst 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. Whenthe beam 81 is not stressed,the distal
end of the contact portion 86 is preferably 0.5 to 2 mm,
morepreferably 0.9 to 1.1 mm per than the distal ends
of the pressing legs 68 and 72.
[0071] As shownin Fig. 6A, the distal end portion of
the supported portion 85 of the beam 871 is thinner than
the other portions. This portion will be called thinner
portion 87. As shownin Figs. 6B and 6C,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
83is illustrated in Figs. 6A and 6C.
[0072] With suchastructure, 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 wavesignal (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] Aswill 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 aninterval
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 showsan output circuit "2" in which the
output signals from the piezoelectric elements 82 are
amplified. The output circuit a is constituted of four
operational amplifiers OP1 to OP4, which are respec-
tively contained in the amplification units 89. With
respect to each of the op-amps OP1 to OP4, 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 OP1 to OP4 and
with the earth. Inout impedanceof the op-amps OP1 to
OP4 is between 10° ohms and 10! 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 impedanceare used, the output signals of
the op-ampsare not analyzed since the current gener-
ated by the piezoelectric element 82 is weak. However,
the op-amps OP1 to OP4 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 OP1 to OP4 was about 0.15 volts as
shownin Fig. 19.
[0075] The output signals from the op-amps OP1 to
OP4 are provided fo an outside analog-to-digital con-
verter (not shown), and convertedto 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 OP1 to OP4
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 variationis 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-
mentin 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 theprior
art.

[0078] In contrast, by virtue of the above-described
pressure measuring device 80, since much strain
energy can be accumulatedin 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 canfurther improve the advantage.
[0079] In theillustrated 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 correspondingthinner portion 87 entirely
and to the contact portions 86 partially. In another vari-
ant, the piezoelectric element 82 may be achered 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 muchstrain 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 across section of the pressure meas-
uring device 80 taken along line XX-XX in Fig. 6A. As
shownin Fig. 20, the thickness Ts of the thinner por-
tions 87 of the beam 871is 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 madeof phosphor
bronze and the piezoelectric element 82 was madeof a
ceramic material. The electromechanical coupling fac-
tor is a factor indicating the electromechanical conver-
sion efficiency in the pressure measuring device 80,
and morespecifically 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 phosphorbronze.

[0083] As clearly shownin Fig. 21, the electromechan-
ical coupling factor peaked whentherelative thickness
was approximately 20%, and it decreased gradually
whenthe relative thickness was beyond 20%. In addi-
tion, when the relative thickness was approximately
60%, the electromechanical coupling factor was the
same as that whenthe 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 enhancethe 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 87is 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 elemenis, 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 871 as in the
embodiment.

[0085] Therefore, it is understood that the piezoelec-
tric elements 82 are preferably mounted on thedifferent
beam 81 and theratio 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

OFFIRSTEMBODIMENT

[0086] Usage of the pulse wave measuring device 1 of
the embodimentwill 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 shownin
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Fig. 1, and then three pulse wave measuring units 3 are
roughly positioned above the Sunn, 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 comeinto 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 thefirst pressing leg 68.
Whenthe second pressing leg 72 arrives at the softer
part betweentheradial 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
movementof 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
approachis illustrated with imaginary lines. The contact
portions 86 are positioned on the skin abovetheradial
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 movedin relation to the first pressing leg
68, both pressing legs 68 and 72 can press down the
moreelastic 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
upperthan the distal ends of the pressing legs 68 and
72, the radial artery 100, which is more inflexible or
harder than othertissues, 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 althoughit 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 ortis-
sues aroundit are pressedflatly, so thatit is difficult to
adjusttheinitial pressure on the blood vessel. However,
inthe embodiment, since tworigid pressing legs 68 and
72 press downthe 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, whichtransfer the stress to the piezoelec-
tric elements 82, are used to varytheinitial 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, wherebytheinitial pressure on the radial artery
100 is changed. Since blood pulse wave feature varies
depending on theinitial pressure on the measured
blood vessel as depicted in Figures 22A to 22C, 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 showsthat they are greatly lowered.
[0093] If the contact portions 86 are lowered, the initial
pressure onthe 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 asto slightly changeits ten-
sion T depicted in Fig. 8. The pressure measured by the
pressure measuring device 80 dependsnot only on the
internal pressure D of the radial artery 100, but also on
the skin tension T. Therefore,theinitial pressure on the
radial artery 100 is not exactly and univocally controlled.
[0094] Fig. 9 is a graph showing the correlation
betweenthe skin tension T and the displacementof the
pressing legs 68 and 72 in the vertical direction when
the interval betweenthe pressing legs 68 and 72 is con-
stant. The abscissa of Fig. 9 designates the absolute
value of the downward displacementof the first pressing
leg 68, wherein the position at which thefirst pressing
leg 68 first comes into contact with the skin is deter-
mined to be zero. As shownin Fig. 9, the skin tension T
increases in accordancewith increase of the initial pres-
sure by the downward movement of the first pressing
leg 68 and contact portions 86.
[0095] Accordingly, in advance, it is preferable to
researchthe correlation betweenthe 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,theinitial 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 forall 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 accordancewith 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 considerthe 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 movablein 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 thefirst 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] Asecond 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 thosein the first embodiment,

each of the pulse wave measuring units 3 including the
supporting member 10. The second embodimentis dif-
ferent from the first embodimentin the sort of the pulsa-
tion measuring sensors provided at the supporting
member10. The structural elements commonto thefirst

embodimentare notillustrated in Fig. 10.
[0102] As shownin 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 samefixing manner as
of the beam 871 in thefirst 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 manneras
the beam 81 of the first embodiment (see Figs. 6B and
6C), 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 aresit-
uated in the space betweenthefirst 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 beinto contact with the skin over the
radial artery 100 of the patient's arm 7. The optical pul-
sation measuring sensors 113 are upperthan the distal
endsof 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 aninitial 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 maybein 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
wavesignal (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. Thedigital 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] Whenlight 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 phenomenonis well known as
Lambert-Beerlaw.

[0109] With reference to Figs. 11A and 11B, Lambert-
Beerlaw will be explained in more detail. As indicated in
Fig. 11A, there is a correlation between intensity |;, of
entering light and intensity |ou; of exiting light which can
be expressed in the next equation.

| fl, = 1- KCALout’ in (1)

where C is the density of the material M, ALis its thick-
ness, andkis its linear absorption coefficient.
[0110] ‘If the material thicknessis five times longer
(see Fig. 11B), the correlation of equation (1) may be
rewritten into the next equation.

5

| out/lin = C1 - KCAL) (2)

[0111] According to equation (2), if intensity Iu; of
exiting light is 9 while intensity |, of entering light is 10
in case shownin Fig. 11A,intensity |,,, of exiting is be
5.9 while intensity |, of entering light is 10 in case
shownin Fig. 11B sincelgyy/lin is equal to 0.9°.
[0112] By integrating equation (1), the correlation
betweenthe intensity |, of entering light and intensity
lout Of light exiting through a distance L can be
expressedin the next equation.

log(! out/lin) = “KCL (3)

[0113] Equation (8) may be further rewritten into the
next equation.

x exp(-kCL) (4)lout = lin
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[0114] As will be understood by the above-equations,
if intensity |,, 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 |;,. Conversely, by
the sameprinciple,it is possible to estimate the density
variation of the material M by measurementof intensity
variation of reflectedlight. When the material M is blood,
the measurementof 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 oflight absorption while time passes whenoutside
light is entered to a part of a human body including
blood vessels. In Fig. 12, light absorption |, at an artery
varies while light absorption Io at tissues is constant
since the tissue density does not vary. In addition, light
absorption lz 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

becomeslarger, and disappears at veins. On the other
hand, light absorption |, at an artery changes since the
blood density varies in accordance with the blood pulsa-
tion as shownin 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 Ip through I,. If the sun of the light absorption |g ata
vein and light absorption |, at an artery is assumed as
100%,the ratio oflight absorption I, at an artery is from
1 to 2% andtheratio of light absorption |, 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
andits vicinity, thereby detecting the blood pulse wave.
In addition, since the pressing legs 68 and 72 can press
downthe moreelastic 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 moreinflexible 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 bereadily positioned on the skin over the
radial artery 100 although it is unnecessary that the
patient moves his arm 7 and unnecessarythat 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 mannerthat 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 embodimentof the present invention.
In this embodiment, a wristoand, constituted of band

pieces 121a and 121b, of a watch 120 is used for a sup-
porting memberfor the pressure measuring device. The
wrist band pieces 121a and 121b, attached to both ends
of a watch body 120a, cooperate to encircle the
patient's wrist and are connected by a known hook 122.
Thecircular 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, anothertype 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 thecircular or
lengthwise direction of the wrist band piece 121a, 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 thelike although it
is not illustrated.

[0123] The pressure measuring sensoror 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 muchin 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 memberfor 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
encompassthe patient's neck. Thecircular length of the
collar 130 is adjustable, so that the retaining force to the
neck can bealtered.

[0125] Apressure 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 sensoror 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

§-1, STRUCTURE OF PULSE WAVE MEASURING
DEVICE OF THE EMBODIMENT

[0127] Fig. 23 is a perspective view showing a pulse
wave measuring device 201 accordingtoafifth 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 whichthe 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
member205 attached to the transverse sliding member
204 movablyin 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 shownin 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
whenpatient'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 nottightly restricted
and the skin overthe radial artery is oriented upwardly.

[0129] Although the arm holder 202 is shownin Figs.
23 through 25, other types of arm holders, e.g., a rub-
ber-bandlike 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.
Thepatient's arm is put into the U-shaped cushion 224,
and then loosely secured by a holding band 225.
Another type of arm holder maybe utilized as long asit
does not retain the patient's arm tightly and the skin
directly on the radial artery can be oriented upwardly.
[0130] As shownin 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 mannerfor fixing the legs 2031 can
be adapted instead of the adhesive. As shownin 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] Asillustrated in Fig. 24, a pair or grooves 2040
are formed at both ends of the bottom of the transverse

sliding member 204. As shownin Fig. 23, a pair of pro-
truding ridges 2040a are formed at the edges of each
groove 2040. The bottom face of each groove 2040is
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 2040of the trans-
verse sliding member 204, so that the transversesliding
member204is slidable transversely (perpendicularly to
Figs. 24 and 28)in relation to the supporting members
203 and vertical movement of the transverse sliding
member204 is restricted. As shownin Figs. 24 and 25,
a through-hole 2042, penetrating in the vertical direc-
tion, is formed at the transversesliding member 204. As
shownin 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 shownin 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 meshwith 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 perpendicularslid-
ing member205is 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 whensirain is applied.
The strain gauge 206 maybein contact with the skin
directly on the radial artery 100 in Fig. 25 bysliding
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 shownfor 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 bevisibly
indicated.

5-2. USAGE OF PULSE WAVE MEASURING DEVICE

OFFIFTHEMBODIMENT

 

[0135] Next, usage of the pulse wave measuring
device 201 according to this embodiment will be
described. In the following, the embodiment is exempli-
tied by measurement of pulse wave of the humanradial
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 shownin 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
abovetheradial artery. Since the toothed portion 2083
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
adjustmentis facilitated.
[0137] Therefore, the diagnostician can adjust the
position of the transverse gliding member 204 byfinger
pushing or finger grasping. Then, he slides the perpen-
dicular sliding member 205 downwardly, so that the
strain gauge 206is 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 205is prevented from being moved by the pul-
sation force. More specifically, although thereis 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 member205 bythe
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 perpendicularslid-
ing member 205.

[0138] The position of the strain gauge 206is adjusted
while the diagnostician watches it. In addition, trial
measurements are conductedat 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 206is
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 thesliding
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 meshwith eachother, 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 shownin Fig. 31, the pulse wave measuring
device comprises a supporting member 207 attached to
the arm holder 202. The supporting member207is 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 perpendicularslid-
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 206is vertically adjusted in the simple manner
similarly to the fifth embodiment. In addition, after the
start of the measurement, the strain gauge 206is pre-
vented from being moved bya force similar to the pulsa-
tion force, so that accurate measurementresults can be
obtained as similar to the fifth embodiment.

[0143] Another variant will be described with refer-
enceto Fig. 32. In Fig. 32, the same reference symbols
are attached to commonstructural elements to thefifth

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 meshwith the toothed portions 2081. The
perpendicular sliding member 209 is situated between
the supporting members 208 in a mannerthatit 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-shapedstrip
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 meshwith 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 transversesliding member 2100is slidable in
relation to the perpendicular sliding member 209 in the
transversedirection (perpendicular direction to Fig. 32 )
and vertical movementof the transverse sliding member
2100is restricted.

[0146] Aprojection 2103, which is formed at the lower
surface of the transverse sliding member 2100, pro-
trudes downward andis inserted into the through-hole
2093 of the perpendicular sliding member 209. A strain
gauge 206is mounted on the lowermostend of the pro-
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jection 2103.

[0147] With such a structure, the position of the strain
gauge 206is vertically and transversely adjusted in the
simple mannersimilarly to the fifth embodiment.In addi-
tion, after the start of the measurement, the sirain

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
shownin 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 anotherfinger or thumb
can readily pick up the strain gauge 206. The samefin-
ger-insertion hole may be madeat the perpendicular
sliding member 205 in Fig. 31 or the transversesliding
member2100in Fig. 32.

6.SIXTHEMBODIMENT

6-1, STRUCTURE Of PULSE WAVE MEASUREMENT
DEVICE OF SIXTH EMBODIMENT

[0149] With referenceto 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-
pendicularsliding member 2203is situated between the
transverse sliding members 2201 in a mannerthat 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 member2206is 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 peripheralridge, formed on the outer peripheral
surface of the finger-insertion member 2206, engages
with the groove 2207, thereby restricting vertical move-
ment ofthe finger-insertion member 2206.In addition, a
pair of L-shaped pull members 2252, on whichthe diag-
nostician's fingers can hangor pull, are mounted on the
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perpendicular sliding member 2203.

[0152] As best shownin Fig. 35, the finger-insertion
member2206is bent at an angle of about 45 degree in
relation to the perpendicularline 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 2206is 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 206is arranged at the
periphery of the opening 2235 and in the sameline 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 embodimentwill 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 2200is
set on the patient's forearm as shownin 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 movedat a position to give an appropriate pres-
sureto the radial artery. He can search the appropriate
position using with his finger sense although thereis 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 meansof the diag-
nostician'’s sense of touch. Consequently, in
accordancewith this embodiment, the positioning of the
strain gauge 206 is more accurate and easier than that
according to thefifth embodiment using with the diag-
nostician's senseof 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 206is positioned accurately.

[0158] As shownin Fig. 37, the diagnostician can
insert his second fingerinto the insertion hole 2210, and
canpull his forefinger and third finger on the pull mem-
bers 2252, so astolift the perpendicular sliding member
2203 with the strain gauge 206. Therefore, the adjust-
mentof the strain gauge 206 to the appropriate position
can befacilitated 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
measurementis 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 meshwith eachother, the strain
gauge 206 is not moved by a force equivalent to the pul-
sation force.

[0160] Additionally, by revolving the finger-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 shownin 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-
gerin 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 befacilitated. Therefore, it is possible
to continue to give an appropriate pressure on theradial
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 casesof 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

EP 0 922 432 A1

10

15

20

26

30

35

40

45

50

55

20

36

present invention will be described. In Figs. 38 and 39,
the same reference symbols are attached to common
elements to thefifth or sixth embodiment, and descrip-
tion thereof will be omitted.

[0163] As shownin Figs. 38 and 39, the pulse wave
measuring device 2300 includes a transverse sliding
member204 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 formedat the inner surface of the hollow bolt 2305,

so that vertical movement of the finger-insertion mem-
ber 2302is restricted.

[0164] As shownin 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
2235of 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
downthe moreelastic 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 embodimentwill
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 waveof other animals.
[0166] First, the pulse wave measuring device 2300is
set on the patient's forearm as shownin 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 abovethe radial artery 100.
[0167] After the positioning of the transverse sliding
member 204, the diagnostician rotates the hollow bolt
2305 to movethe finger-insertion member 2302 down-
wardly while the fingeris inserted into the hole 2310, so
that the strain gauge 206 is moved at a position to give
an appropriate pressureto 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 meansof 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-
parisonwith thefifth 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 206is adjusted.

[0168] After the completion of the positioning of the
strain gauge 206 as described above, the pulse wave
measurementis 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 206is 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 2302is 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 maybe usedin any of the sixth and sev-
enth embodiments. As shownin Fig. 40, at the lower
surface of the finger-insertion member 2206 or 2302, a
plurality of strain gauges 2150 are arranged abreastat
the periphery of the opening 2235. The center one of
the strain gauges is aligned in the sameline 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 anothervariant of finger-inser-
tion member, which may be used in any of the sixth and
seventh embodiments. As shownin Fig. 41, in the fin-
ger-insertion member 2206 or 2302, a pair of strain
gauges 206 are disposed at two positions between
whichthe elastic membrane 2211 lies. Consequently,at

10

15

20

25

30

35

40

45

50

55

21

EP 0 922 432 A1 38

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
whichthereis a time difference.

[0173] In addition, more than twostrain gauges 206
may beprovided along thedirection of the radial artery.
Moreover, it is possible to combinethis variant with the
aforementioned variant shownin Fig. 40, i.e., 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 usedin any of the sixth and seventh
embodiments, is shownin Fig. 42. As shownin Fig. 42,
in the fiber-insertion member 2206 or 2302, a ring-
shaped strain gauge 206is 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 recognizesthe 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 ontheradialartery.
[0175] Another modification of finger-insertion mem-
ber, which may be usedin any of the sixth and seventh
embodiments, is shownin Fig. 43. As shownin Fig. 48,
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 abovetheradial artery directly, the adjustment
of the position of the strain gauge 206 canbefacilitated
in order to obtain more accurate measurementresults.

[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
radialartery.
[0177] Ina variant of the pulse wave measuring device
of the fifth through seventh embodiments, as shownin
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 endsof each supporting portion 2032b are curved.
Alternatively, as shownin Fig. 47,it is possible to pro-
vide supporting portions 2032c instead of the straight
supporting portions 2032. Each supporting portion
2032c is curved entirely and the upper surface thereofis
convex.
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[0178] By virtue of the arrangement shownin any of
Figs. 45 and 46, the strain gauge 206 can be movedin
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 measurementis achieved.

[0179] Furthermore,it is possible to apply the pulse
wave measuring device, according to any of thefifth to
seventh embodimenis, 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 waveat peripheral vessels. Since an accu-
rate pulse waveform can be measured byvirtue 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 vesselis the humanradialartery, butit is
not intended to limit the present invention thereto.If the
supporting mannerfor 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 otherarticles

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 waveat 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 beingsitu-
ated back from the distal ends of the vessel-

vicinity pressing portions.

A pulse wave measuring device according to one of
claims 71 to 3, wherein the pulsation measuring sen-
sor is a pressure sensor which outputs a pulse
wavesignal according to varying stress transmitted
from the vessel pressing portion because of pulse
waveof 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
correspondingto 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 meansfor 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 arrangedatintervals 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 anotherpor-
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 equalto 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
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variation at a plurality points on the blood vessel,
and a plurality of the piezoelectric elements are pro-
vided on the thinner portions, respectively.

12. A pulse wave measuring device comprising:

a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting memberandslidable
perpendicularly in relation to the supporting
member;
measuring meanssituated at the perpendicular
sliding member for measuring pulse waveat a
blood vessel of an organism; and
first and second toothed portions formed at
mutual sliding faces of the supporting member
and the perpendicularsliding member, respec-
tively and meshed with each other.

13. A pulse wave measuring device comprising:

a supporting member;
a transverse sliding member which is sup-
ported by the supporting memberand 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 meanssituated at the perpendicular
sliding member for measuring pulse wave at a
blood vessel of an organism;
third and fourth toothed portions formed at
mutualsliding 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 transversesliding
member and the perpendicular sliding mem-
ber, respectively and meshed with each other.

14. A pulse wave measuring device comprising:
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a supporting member;
a perpendicular sliding member which is sup-
ported by the supporting memberand slidable
perpendicularly in relation to the supporting
member; a transverse sliding member whichis
supported by the perpendicularsliding 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
a blood vessel of an organism;
seventh and eighth toothed portions formed at
mutualsliding faces of the supporting member
and the perpendicularsliding member, respec-
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21.
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tively and meshed with each other, and

ninth and tenth toothed portions formed at
mutual sliding faces of the perpendicularslid-
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 asto restrict mutual slide of the support-
ing member and the perpendicular sliding member
if a pulsation force is exerted thereto alongtheir 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 memberand the perpendicularsliding
memberif 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 asto restrict mutual slide of the sup-
porting member and the perpendicular sliding
memberif 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, 18, 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 ofthe 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 memberincludes 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 memberis
provided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the perpendicularslid-
ing member.

A pulse wave measuring device according to claim
23, wherein the transverse sliding memberis pro-
vided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the transversesliding
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 memberand 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 meanssituated at the perpendicular
sliding memberfor 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 memberincludes
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 of 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
of 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
harderthan the measured subject of the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering of the measuredthing at both sides of the
subject pressing portion; and
adjusting means for adjusting an_ interval
betweenthe 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
of 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 of the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering of the measuredthing 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.

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 becauseof pulsa-
tion of 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
measuredthing; 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 for emitting a
wave to make the wave progress toward the meas-
ured subject; and receiving meansfor receiving the
wavewhichis 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 of subject pressing portions provided
at the beam and arrangedat intervals along a
direction of the measured subject of 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 of pressure sensors respectively cor-
responding to the subject pressing portions,
each of 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 of the meas-
ured thing and having distal ends, respectively,
the distal ends being pressed against the cov-
ering of the measuredthing at both sides of the
subject pressing portions.

A pulsation measuring device according to claims
35 or 37, wherein each of the pressure sensors
comprises a piezoelectric element mounted on the
beam for outputting an electric signal according to
varying stress transmitted from 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 thinnerpor-
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-
mentis mounted, is equalto 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 memberand slidable
perpendicularly in relation to the supporting
member;
measuring meanssituated at the perpendicular
sliding member for measuring pulsation at a
measured subject of a measured thing; and
first and second toothed portions formed at
mutualsliding faces of the supporting member
and the perpendicularsliding 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 memberand 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 meanssituated 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 memberand 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
mutualsliding faces of the perpendicularslid-
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 asto restrict mutual slide of the support-
ing memberand the perpendicular sliding member
if a pulsation force is exerted thereto along theirsli-
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 memberand the perpendicularsliding
memberif 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 asto restrict mutual slide of the sup-
porting member and the perpendicular sliding
memberif a pulsation force is exerted thereto along
their slidable direction when measuring pulsation.

A pulsation measuring device according to one of
claim 42, 48, 45, and 46, wherein the perpendicular
sliding member includes an insertion hole, in which
a measurer's finger can be inserted, and an elastic
membranearranged within the insertion hole and at
one end of the insertion hole.
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A pulsation measuring device accordingto 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 memberincludes an insertion hole pene-
trating perpendicularly, so that a measurer's finger
can passtherethrough.

A pulsation measuring device accordingto 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 grooveis 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 grooveis 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 perpendicularslid-
ing member.

A pulsation measuring device according to claim
53, wherein the transverse sliding memberis pro-
vided with finger-insertion means at which the
insertion hole is formed, the finger-insertion means
being rotatable in relation to the transversesliding
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 perpendicularslid-
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
mutualsliding 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 memberby rotation;
and

measuring meanssituated 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 memberincludes
an insertion hole penetrating perpendicularly,
whereby a measurer’s finger can pass there-
through.

A pulsation measuring device according to claim
58, wherein a grooveis 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 of 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 of the thinner portion and the piezoe-
lectric element mounted thereon.

20

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 thinnerportions, respectively.
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METHOD 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 Nationa) 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 prevalence of hypertension andits

related complications are on the rise, with:

1. one new hospital admissionfor stroke every hour;

2. 25% of stroke patients are < 45 years old;

one heart attack every 3 hours as recorded by the Acute Myocardial Infarction
Register;

4. more and youngerpatients requiring renal dialysis.

Such facts are not unique to Singapore. Many developed countries have comparable, if

not higher, statistics. In other words, hypertensionis a global problem of epidemic proportions.

In Singaporealone, 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% ofal] deaths since 1996.

Together with heart ailment, it accounts for more than 32% of al] deaths since 1996,ie.
more than one-third of al] mortalities in Singapore.

Further, every year there are about 27,000 to 30,000 pregnancies leading to successful

deliveries. Of these, thousands of pregnant womensuffer from a condition called pre-eclampsia.

This is a condition whereby the mothersuffers 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 suddenintra-uterine death of the baby. The morbidity and

mortality of pre-eclampsia is directly related to the level and contro) 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 pathwayis a sudden and dangerous rise

in blood pressure before catastrophestrikes.

Therefore, the detection and preventionof further rises or falls in the final pathway holds

the key to the prevention and reduction ofstrokes, heart attacks and eclampsia.

Currently, patients who suffer from the aboveillnesses are monitored either as outpatients

or in-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 doctorJistening 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

numberof times that the artery is being occluded, whetherit 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 fromthe last test must be "good";

2. his blood pressure until the next test will be "good"; therefore, he wil] 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 io 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. }t 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. Byfixing the circumferenceof 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 showalinear 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-beatbasis, as in intra-arterial monitoring.

The time-keeping function ofa 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 priorart, the data can onlybe reliably collected when the hand is held fixed ata

certain position, i.e. with restrictions. The prior art may try to overcome the movementofthe

strap by increasing the strap pressure. Usually, this is not only imypractica], but undesirable as the

compression of veins wilI cause significant congestion in the hand distal to it jn just a few
minutes. This can Jead to numbness and further medical complications.

The Median Nerve at the Carpal Tunnel would be compressed causing numbnessof the

finger in a few minutes. As a result, the hand or fingers will swell, causing further congestion.

This not onlygreatly affects the signal, but is harmful to the wearer. Therefore, the challengeis

10 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 10 be simple

and user-friendly for jt to be of value for a person who is not medicallytrained.

However, there is overwhelming evidence in the past 3-4 years that demand us to take a

new look at blood pressure monitoring. According ta Professor Eoin O’Brien from the

Beaumont Hospital, Dublin, Ireland, 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;

White Coat Hypertension;-
oeNAwAWN

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 putat

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 js to provide an improved device and method for continuous and non-invasive

monitoring of arterial blood pressure.

SUMMARYOF THE INVENTION

According to one aspect the present invention consists in a device for non-invasive

continucus 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 Jocation 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 includingthe stepsof:

recording a complete and continuousarterial pulse pressure waveform,

locating at least the dicrotic notch and the diastolic trough within said continuousarterial

pulse waveform, and

calculating at least one parameter using said waveform and said diastolic trough and

dicrotic notch locations.

It will be convenient to hereinafter describe the invention in greater detail by reference 10

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 embodimentof the invention.

Figure ] js 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.

am
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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 anillustration of the sensor placed next to the radia] artery wherein the user's

hand ts 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 of the watch of Figure 6.

Figure 8 is a pressure v time graph showing a typica] singJe arterial pulse withits

characteristic features.

Figure 9 is a cross sectional side elevation through the sensor and sensor housing

according to the preferred embodimentof 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 embodimentof the present invention.

Figure 1] 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 monitoring 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 1o the preferred embodiment of the present invention, there are several major

components in the design of the device. They are the sensor system 1o measure the blood
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pressure, a housing for the sensor, the strap system to secure the sensorrelative 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-arterial

mieasurement of blood pressure. This intra-arterial method of blood pressure measurementis at

present invasive to the human body.

Figure 1 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 cannula2,that is inserted into the radial artery 6 of a patient's wrist 7. As is apparent
from Figure 1, the radial artery 6 is adjacentto the radial bone 8. The intra-arterial cannula 2 js

connected to a fluid interface 3, containing a fluid column. Thefluid 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 ] the blood pressure in the radia]
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 offluid, 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 columnatrest.

The primary disadvantage of the intra-arterial] blood pressure monitoring device 1 is that
it is invasive. The patient feels discomfort and pain as ihe intra-arterial] cannula 2 is inserted into

his skin 9 and artery 6. Furthermore, the device 1 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. Intra-arterial 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 js neither

occlusive nor invasive, and is capable of continuous, 24-hours beat-to-beat monitoring

In the design of the present invention, the whole system including the strap, the sensor

and the wrist head have to be considered together in order to appreciate the similarity in principle

to the intra-arterial cannula 2.

COMPONENTS OF THE SENSOR SYSTEM

Figure 2 is a side view of a sensor 10 according to one embodimentof the invention. An

alternate variation of the sensoris shownin 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 plunger16 is affixed nextto

the diaphragm14 ofthe transducer 12.

The plunger 16 has a dome shaped or hemispherical head. The plunger 16 sits on the

diaphragm14 of the transducer 12. The purposeofthe diaphragm 14 is to give a constant resting

force on the transducer 12. The plunger16 is able to float freely in a vertica] direction due to a

pre-determined 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 3mm to 8mm which correspond
to the physiological diameterof anartery,

In use the plunger 16 pushes into the wrist and partially occludes the radial artery. The

hemispherical shape of plunger 16 ensures comfort over Jong 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 maybeat various positions as depicted in Figures 4 and5.

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 Jayer 18 also
dampens the noise to signal ratio.

Referring to Figure 4, in that embodiment the senoris fitted within a housing. The

housing has an outer cover portion 300 and an inner carrier portion 301. The housing wil] be
described further on with reference to Figures 3A and 3B. In this formthe sensor includes a

pressure transducer 912 which produces the voltage output according 1o pressure changes acting

on its diaphragm 914. A plunger 916 has a domed head 917. The domed head 9J7 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

transduceris 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 ful] and faithful transmissionofthe arterial

pulsation to be picked up,including the expansionof the arterial] walls, the turbulence of the flow

and the vibration transmitted along the artery wal] fromthe 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 pairof 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]1] 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 includesa series of concentric terraces ending at a
circular aperture 310. The circular aperture 310 opens between the recess 309 through theinward
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 body920 rests on second terrace 923

within the recess 309. The flangeof the flanged upper end 92] rests onfirst terrace 925. A pair
of locating members 927 extend downward fromthe 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. Theretaining 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 betweentesraces 929 and 923, the plunger 916 and the diaphragm 914 of pressure
transducer 912 are al] 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 diaphragm914. As referred to earlier this gap ensures there is no preload on
the transducer 912.

The carrying portion 301 includes Jocating 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 wal] of

recess 309. The notch 320 provides an opening to recess 309 with the coverportion 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 Jegs 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 ofthe 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 whereinthe 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 becausefirstly, it rests on the radial

bone 22 dorsally. The radial bone 22 allowsforfull transmission ofthe pulsation to be felt as itis

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 waveformas each heart beat reaches

the radial artery. Nevertheless, the advantageis that there is no need for the systemto be invasive

and 313s portable.

The following reasons improve the functionality of the sensor system:

1. For a change in pressure between 0 mmHg - 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 signa).

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. is main aimis 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 plungerand 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 the side. 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 desi ened with seating for the plunger while allowing

a pre-determined gap between the plunger surface and the diaphragm. The plunger protrudes

from the pre-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 sensoris 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. Thefirst 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 wil] imponge against the radial aretary. This requires the housing to be

skewed 10 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 is 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 hock and loop fastener arrangement between the overlap of inner and outer

portions. The radia] strap 617 and the ulnarstrap 604 are preferably substantially non-extensile.

A second oblong securing ring 609 is secured to the radia] strap 617. Preferably this

securment is by a short connecting loop 619 connected with the radia] strap 617 and having an

end 62] passing outwardly through the oblong ring 609 to double back on and be secured to

itself. An elasticaly extensile strap portion 611] 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 overthe
outside of the cover portion 300 of the sensor housing. The strapis constrained to sit over the
convex outer surface by side walls 303. The other end 615 ofelastic 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 withinthe 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 anaperture 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 throughthe 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 undera

Tange of user movement.

This consists of 2 segments, namely the sensor segment and the locking segment. The

sensor segment hasanelastic 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 surfaceof the outer casing.

This will result in a vertical applanation force on the housing whenthe elastic Joop 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 embodimentof 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 maybe the Motorola 68 series of microprocessor. Optionally, a temperature sensoras

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 microcontrolJer/ microprocessor 64 may also be coupled to various

alarms 68, such as blood pressure, body temperature and heart-beat alarms to warn the userif a

pre-determined 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

persona) computer 72 or other communicationdevice.

In the preferred form of the invention these components, which comprise the electronic

processing unit, are housed in the watch 600.

Figure 1] 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 EEPROMstorage 82, blood pressure alarm 84, transceiver 86, power supply 88 and
button switches 201.

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 furtheron.

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 producea linear graph similar to the one iJustrated in Figure 12. It was found
that a suitable transducerjs 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 1o the systolic/djastolic 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 underthe 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 arteria] pulse can be seen to beginatafirst diastolic trough 82
and end at the next subsequent diastolic trough 85. The waveform 81 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 downloadedto

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 Jevel 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 beenilJustrated in Figure 13. The average of the peak readings

(systolic) are calculated after sampling to obtain greater accuracy. Sampling includesfiltering

readings that do not correspond to an expected wave-form (for example, muscle contractions

produce a sharper and symmietrically-formed peak). Correspondingly, the average of the trough

readings (diastolic) are also calculated. The values of the average systolic and diastolic readings

14

692



693

10

15

20

25

©

WO 2004/004558 PCT/SG2003/000159

respectively are compared to the systolic and diastolic readings from the auto-calibrator 50, to

assign absolute values io the sensor readings with reference 1o 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 pre-determined 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:

1. Put on the auto-calibrator adjacent to the watch in a neutral position of the wrist.
2. Connectthe 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. Removethe auto-calibrator whencalibration is complete.

The processor is programmedto calibrate the arterial pulse waveform from the pressure
transduceroutput using equations 6, 6(a) and 6(b).

In particular the instantaneous blood pressure Pj at a sample point is calculated as:

P. ~~+aig
P. =|—“—" [x 4 4+ C

J J 6Anax ~ Anin 6)
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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 valueofanarterial 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. — Praia
C=Pp,-|—*—* |xys max 6; Anax ~ Amin ( ®)

or

P..-P,
C= Pig ee *K Anninq 6bArnax ~ Amin (60)

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 troughis located

and the dicrotic notchis located.

The electrical sensor output is converted to pressure readings using the calibration set

forth above with reference to equation 6. The electrical sensor outputis also run through a peak

gate providing a digitial output. The peak gate has a predetermined threshold voltage. Whenthe

sensor output is above the threshold voltage the peak gate is “on” or “open”. When the sensor

voltage is below the threshold voliage the peak gate is ‘off’ or “closed”. In the prefered

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 J00 mV and 300 mV
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then an appropriate peak pate threshold to choose wouJd 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.

In the preferred embodiment of the invention the systolic peak, diastolic end point and

dicrotic notch are located in accordance withthe 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).

3. The highest sampling point taken during the “PGO”phase is assigned as the peak
Systolic value.

4, Fromthis 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.

5. After the PGC phase resumesthe first peak (a rise followed by a fall), is detected.

This peak is recorded as the “Dicrotic Notch”.

6. The process of detecting the diastolic end point begins when the next PGOis

triggered at the peak gate threshold voltage.

7. The sampled values are checkedin the reverse direction j.e. comparing each point
to the previous one,until the first rise is located. This indicates the diastolic end point.

The sample pressureat this time point constitutes the end-diastolic pressure.

8. The logic cycle is repeated for each arteria) waveformin turn.

The recorded arterial waveform, and location of the dicrotic notch and diastolic end point
are used 10 calculate certain characteristics. These characteristics include the meanarterial

pressure, a mean systolic pressure and a meandiastolic 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 underthe

pressure waveform between 2 consecutive troughs.
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n~-]

SP, + P.)
MAP (mmHg)= -——.— )GumHg ) 211) Q)

Where n denotes the total numberof samples

Pj denotes the Pressure at sample j

5 j denotes the index for sample j

The MeanSystolic Pressure (MSP) is computed using equation (2), as the area underthe

curve of a single waveformfrom the starting point (previous trough) to the dicrotic notchof the
waveform.

10

j=d-l

>» (PI +Pjt! )
I

MSP (mmHg )=
2(d -1) 2)

Where 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 MAPasin equation (3):

MSP
20 MSP _ Index = G)

The Mean Diastolic Pressure (MDP) is computed using equation (4)as the area underthe

curve starting from the dicrotic notch io the immediate trough. This corresponds to the average

pressure Curing diastole.
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j=n-)

2D (P, + Pia )
MDP (mmHg ) = ~“ead)y (4)

Where n denotesthe total number of samples

5 d denotes the sample at the Dicrotic Notch

Pj denotes the Pressure at sample j

j denotesthe index for sample j

The MDPindex is calculated using equation(5):

10

MDP
MDP Index =

— MAP

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

15 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

continuouslytransmitted fromthe device to a receiving computer or other device.

20 Another objective of the colJection 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

be monitored. Figure 16 is a flow-chart summarizing the steps involved in taking blood pressure

25 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 161, 162 and 164. This loop includes
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reading the date and time from the internal clock of the device at step 161, 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 loop is executed at short intervals over a one

half hour period. Until it has been determined at step 165 that the half hourperiod has elapsed

the Joop returns to step 161.

The microprocessor 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 microprocessoris 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 hourtime

period has elapsed. If not then it returns to step 161 and the pressure reading loop. If 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 hourinterval 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 mayalso include provision for setting or resetting a blood pressure

alarm using buttons 201 (eg: step 163).

Communicationtool]

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 js a flow-chart sammarizing the steps

involved in the data transfer and communications aspect of the invention.

The flow chart of Figure 17 summarises the process that the persona] 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 persona] computer serial port at

step 171. With the personal computerseria) port jnitialised at step 17] 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 acknowledged the initial communication signal of step
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172. If the signal has not been acknowledgedit repeats step 172 and continues to Joop step 172

until receipt is acknowledged. Once acknowledgement has been received from the watch
microprocessor the software proceeds to step 174 and establish ful] communication through a

handshaking process. The software then proceeds to perform a Joop 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 notit

returns and repeats step 175 for the next data set.

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 contro] of blood pressure. Secondly, m some cases, a tragedy may be avoidedif there is

an aJarm system to detect these sudden and drastic changes. The alarm thresholds can be presetat

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 pressurelevels.

In particular the microprocessor is programmed to perform a continuing Joop in
conjunction with its data collection Joop of steps 161, 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 functionof step 163 in Figure 16.

The microprocessor proceeds to determine whether the blood pressure value is outside the

set range at step 182. If the blood pressure is outside the set range at step ] 82 thenit 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 thenit

proceedsto step ] 83 to activate an alarm.

While a particular embodiment of the invention has been shown and described,it will be

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 notbe limited by the particular embodiment andspecific construction described

herein but should be defined by the appended claims and equivalents thereof. Accordingly, the

aim in the appended claimsis to cover all such changes and modifications as fall within the spirit
and scope of the invention.
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CLAIMS:

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 continuousarterial

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 continuousarterial pulse waveform.

4. A device as claimed in claim 3 wherein said microprocessoris programmedto 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 microprocessoris programmedto calculate a

mean arterial pressure as the average pressure between two consecutive said diastolic troughs,

and to calculate a mean diastolic pressure index as ihe quotient of the calculated mean diastolic

pressure divided by the meanarterial 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 microprocessoris programmed to calculate a

mean arterial pressure as the average pressure between two consecutive said diastolic troughs,

and io calculate a mean systolic pressure index as the quotient of the calculated mean systolic

pressure divided by the meanarteria] pressure.
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8. A device as claimed in claim 1 wherein said microprocessoris programmed to detect the

peak systolic pressure and record the peak systolic pressure forat Jeast a selection of recorded

arterial pulses and to detect the diastolic trough and record a pressure at the diastolic trough for

each pulse ofsaid 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 responseto 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

microprocessoris programmedto allow setting or selection of a threshold for said indicator.

1}. A device as claimed in claim 8 wherein said microprocessor is programmedtocalculate

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 recordedat 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 userand obtaining an absolute diastolic and systolic

reading of the user’s arterial blood pressure is operatively connectable to the device and said

processor is programmedto 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 1 includinga 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 Jeast one said strap passing

freely oversaid 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 fromto said third strap before turning back uponitself to form a loop, said loop being

connected to said third strap, to then pass oversaid pressing surfaces of said first housing, with

the other end ofsaid elastic strap being connected to said second housing or to said second strap.

15, A device as claimed in claim 13 including a joining ring, said elastic sirap passing

through said joining ring at said Joop, 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 betweensaid in and outerportions.

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 including the steps

of:

recording a complete and continuousarterial pulse pressure waveform,

locating at Jeast the dicrotic notch andthe diastolic trough within said continuous arterial

pulse waveform, and

calculating at Jeast 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 meanarterial 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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BACKGROUNDOF THE INVENTION

[0003] Spectroscopy is a common technique for measuring the concentration

of organic and someinorganic constituents of a solution. The theoretical basis of

this technique is the Beer-Lambert law, which states that the concentration c¢, of

an absorbentin solution can be determined bytheintensity oflight transmitted

through the solution, knowing the pathlength d, , the intensity of the incidentlight

I,,, and the extinction coefficient ¢,, ata particular wavelength A. In generalized

form, the Beer-Lambert law is expressed as:

I, =] ot "Ha0,4

(1)

Maa = Me, °C;—

(2)

where yz,, is the bulk absorption coefficient and represents the probability of

absorption per unit length. The minimum numberofdiscrete wavelengthsthat

are required to solve EQS.1-2 are the numberof significant absorbers that are ~

presentin the solution.

[0004} A practical application of this technique is pulse oximetry, whichutilizes

a noninvasive sensor to measure oxygen saturation (SpOz) and pulse rate. In

general, the sensor haslight emitting diodes (LEDs) that transmit optical

radiation of red and infrared wavelengths into a tissue site and a detector that

respondsto 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

SpQOz2, pulse rate, and can output representative plethysmographic waveforms.

Thus, “pulse oximetry” as used herein encompassesits broad ordinary meaning

knownto one ofskill in the art, which includes at least those noninvasive

procedures for measuring parametersof circulating blood through spectroscopy.

Moreover, “plethysmograph’” as used herein (commonly referred to as

“ohotoplethysmograph”), encompassesits broad ordinary meaning known to one

of skill in the art, which includes at least data representative of a changein the

-2-
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absorption of particular wavelengthsoflight 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 acceptancein a widevariety 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 HbO2 and Hb absorption zz, versus wavelength. At

red and near IR wavelengths below 970 nm, where waterhasa significant peak,

Hb and HbOzare the only significant absorbers normally present in the blood.

Thus, typically only two wavelengths are needed to resolve the concentrations of

Hb and HbOQz, e.g. a red (RD) wavelength at 660 nm andaninfrared (IR)

wavelength at 940 nm. In particular, SpO2 is computed based upona red ratio

_Redac/Redpc and an IR ratio IRac/IRpc, 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 responseis a

plethysmograph, as described above. Thus, the red and IR ratios can be

denoted as NPrp and NPir respectively, where NP stands for "normalized

plethysmograph." In pulse oximetry, oxygen saturation is calculated from the

ratio NPrp/NPir.

SUMMARYOF 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 madeat

eight wavelengths. Advantageously, this rich wavelength data, compared with

-3-
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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%.

Forthis example, including FIGS. 3-4, below, the sensor emits eight wavelengths

(610, 620, 630, 655, 700, 720, 800 and 905 nm). The graphis a plot of NP ratios

210 versus wavelength 220, where the NP ratios are of the form NPai/ NPa2.

This is a generalization to multiple wavelengths of the ratio NPrp/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 NP),/ NP); over the n available wavelengths, including Ar. Note that

the NP ratio at the reference wavelength is NPa-/ NPa- = 1, which is 800 nm in

FIG. 2.

[0009] As shownin FIG. 2, when a sensoris 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 ilustrated in FIG.

1, above. Forthis high oxygen saturation (97%) example, HbQzis the only

significantly absorbing blood constituent and, indeed, the resulting tissue profile

200 is shapedlike the HbOz absorption curve 110 (FIG. 1).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a graph of oxyhemoglobin and reduced hemoglobinlight

absorption versus wavelength across portions of the red and IR spectrum;

[0011] FIG. 2 is a graph of NP ratios versus wavelengthillustrating a tissue

profile;

[0012] FIG. 3 is a graph of NP ratios versus wavelengthillustrating 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 SpOzillustrating 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 wavelengthillustrating 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 graphillustrating 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.

Somereferences 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 commonin theart 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 mannerin which the designated constituent is reported.

[0022] FIG. 3 illustrates an example of a probe-off profile 300. Whena

sensoris 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 ACsignal, 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

LEDsandthe detectorto vary, resulting in an AC detector signal that can be

mistakenly interpreted by the monitor as due to pulsatile arterial blood. Further,

ambientlight may reach the detector, and any modulation of the ambientlight

due to AC power, powerfluctuations, 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 normalresults,

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.

[9023] FIG.4 illustrates an example of a penumbra profile 400. When a

sensoris not properly positioned or becomespartially dislodged, a penumbra

condition may occur, where the detector is "shadowed"bya tissue site, such as

a finger, but also receives somelight 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/DCratio (NP). Because red

wavelengths are moresignificantly absorbed by Hb and HbO2, the penumbra

condition is most noticeable at the red portion 405 of the NPjn/ NPar. This effect

is readily seen in the penumbra profile 400 as compared to a normaltissue

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 penumbraprofile 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 sensorsignal 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. Thatis, if confidenceis 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 confidenceis very low, a probe-off indicator 570 may be

generated to alert an observerto the possibility that a sensor from which the |

-6-
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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 0-100%. 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 numberdisplay, 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 anyof various alarm

sounds, tones or patterns of soundsor tones, such as a double beepat 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 shownin 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, P , 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 standard" instrument. [In a particular embodiment, the

physiological data are NP ratios obtained for various physiological parameters,

such as SpQ2, 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 usesthe 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.

-7-
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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.

6,996,427titled Pulse Oximetry Data Confidence Indicator and U.S. 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 probeoff indicator as described herein may be combined

with other probe off measurements and indicators, such as those describedin

U.S. Patent No. 6,654,624titled Pulse Oximeter Probe-Off Detector and U.S.

Patent No. 6,771,994titled 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).

Shownis a low oxygen saturation curve 610, e.g. SpO2 = 70% and a high oxygen

saturation curve 620, e.g. SpO2 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 comparedto 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 NPratio region 740 that delineates physiologically significant

NP ratios 630 (FIG. 6), and a comparator 750. In one particular embodimeni, the

~8-
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NP ratio region 740 is predetermined from clinically-derived data for one or more

parameters of interest, such as SpOe, HbCO, HbMet, Hbt, fractional oxygen

saturation, bilirubin or glucose, to name a few. In anotherparticular 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 NPratio 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 SpOz, 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 caiculator 950 measuresthe difference

between the NP ratios 910 and the selected parametric curve 940. For example,

a mean-squared error calculation can be made betweenthe input NP ratios 910

and the selected parametric curve 945. The resulting difference calculation is

used as a confidence measureor transiated into a confidence measure and a

confidenceindicator 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 shownin 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 P;, Ps, Ps and Pz as shown. Each data cluster 1000

defines a region 1010 of NP ratios measured for a particular parameter value

1020 and hasa 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 numberof occurrences of particular NP ratio values for each value of P.

The relative numberof occurrencesof 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 embodimentof 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 1110 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 uponthe distribution above the selected region 1010 (FIG. 10).

A confidence measureis also derived based uponthe calculated probability

-10-
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1150. In a particular embodiment, the confidence measure is the calculated

probability. A confidence indicator 1160 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, a probe-off

indicator 1170 is generated. In particular embodiments, the confidence indicator

1160 or probe-off indicator 1170 or both may be alphanumeric ordigital 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 notto limit the scope of the

claims that follow. One ofordinary skill in art will appreciate many variations and
modifications. -

-11-
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WHAT IS CLAIMEDIS:

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 responsiveto 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 uponthe 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 valuesof 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 parametervalues.

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 determinedat 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(NPratios).

6. The method according to claim 5 wherein the physiological

parameteris 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 responsiveto 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 ofthe 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 correspondsto 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. Aconfidence 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 valuesof 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 comprisesa 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 SpQ2, 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 plethysmographsand 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 correspondsto the estimated physiological parameter.

19. The confidence measurement system according to claim 18 further

comprising a confidenceindicator 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. Aconfidence measurement system comprising:

a plurality of physiological data responsive to the intensity of multiple
wavelengthsof 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 meansfor providing data clusters according
to knownvalues of the physiological parameter; and

a confidence measurement means for determining confidencein

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 meansforindicating confidencein the physiological
parameter estimate.

-15-
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23. The confidence measurement system according to claim 21 further

comprising an alarm meansforindicating a probe-off condition in response to low

confidencein the physiological parameter estimate.

-16-
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CLAIMS EP1880666

1.

Portable wrist pulse 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 calculating the pulse (P), a wristband (16} which holds the bottom (24) of

the casing (14) against the wrist (72), in which the electronic optical measuring device (18) has at

least one light source (E14, 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 electronic measuring device (18) comprises at least two light

sources (E1, £2, £3) and at least two receivers (R1, R2, R3), in that the fight sources (E71, E2, £3)

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, C3), oriented parallel to the direction (D1) of the wrist (12), in that eachline

(L1, L2 ) of the matrix alternately contains a light source (E1, E2, E3) and a receiver (R17, R2, R3),

and each column (C1, C2, C3) of the matrix alternately contains a light source (E1, £2, £3) anda

receptor (R17, R2, R3).

2.

Pulsometer (10) according to the preceding claim, characterized in that the distance between each

light source (E1, £2, £3) and the adjacent receiver (R1, R2, R3) in a line (L1, L2) of the matrix is

substantially equal fo the distance between each light source (E1, E2, £3) and the adjacent

receiver (R1, R2, R3) in a column (C1, C2, C3) of the matrix.

11-12-2019 1
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Pulsometer (10} according to claim 1 or 2, characterized in that the matrix comprises three

columns (C1, C2, C3), and in that the first line (L1) contains a light source (E2) surrounded by two

receivers (R1, R3), and the secondline (L2) contains a receiver (R2) surrounded by two fight

sources (£1, E3).

4.

Pulsometer (10) according to any one of the preceding claims, characterized in that each light

source (E1, E2, £3) is constituted by a diode which emits light in the infrared range, and each

receiver (Ri , R2, R3) is constituted by a photodiode.

5.

Pulsometer (10) according to any one of the preceding claims, characterized in that the electronic

circuit (20) comprises a pulse caiculation unit (28) which calculates a pulse value (P1, P2, P3)}

respectively corresponding to each receiving signal (SR1, SR2, SR3) produced by a receiver (R71,

R2, R3), and a selection unit (30) which determines an optimum pulse value (PO) among the

pulse values (P1, P2, P3) obtained by the pulse calculation unit (28).

6.

Pulsometer (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

calculation unit (28) which calculates a pulse value (P1, P2, P3, PV) respectively corresponding to

each reception signal (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

values (P1, P2, P3, PV) obtained by the pulse calculation unit (28).

7.

Pulsometer (10) according to claim 5 or 6, characterized in that the electronic circuit (20)

comprises a calculation unit (32) of a reliability index (IF) of the measurements which is a function

of the pulse values (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 claims,

comprising a measuring step in which each light source (E1, E2, £3) 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 pulse calculation step in which a pulse value (P71, P2, P3) is calculated from

11-12-2019 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 pulse (P1, P2, P3) is followed by a

selection step in which an optimum puise 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 eachlight source (E1, £2, £3) emits a light beam (FL} and each receiver

(R1, R2, R3) produces a reception signal (SR1, SR2, SR3) as a function of the receivedlight, and

a pulse calculation step in which a pulse value (P71, 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 eachof 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

calculated from the virtual signal (SV) during the pulse calculation step, and that, during the

selection step, the The optimum heart rate (OP) is selected from the pulse values (P1, P2, P3, PV)

obtained in the pulse 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 reliability index (IF) of the measurements during which a

comparison is made between the values of pulses (P1, P2, P3, PV) obtained in the pulse

calculation step.

11.

Control method according to the preceding claim, characterized in that the step of calculating the

reliability index (IF) 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 reliability index (IF), is determined

whetherthe pulse sensor (10) is worn orif the housing (14) is incorrectly positioned on the wrist

(42).
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DESCRIPTION EP1880666

{0001]

The invention relates to a portable wrist pulse and its control method.

[0002]
The invention more particularly relates to a portable wrist pulse comprising a housing which

contains an electronic device for optical measurement of the pulsometer wearer's pulse and an

electronic circuit for the pracessing of measurements for caiculating the pulse, a clamping strap

which maintains the bottom of the case pressed against the wrist, wherein the optical electronic

measuring device comprisesat least one fight source and a plurality of light receivers which are

arranged in the bottom of the housing and which are oriented towards the wrist.

[0003]

Such a type of puisometer is described in particular in the document US 2003/0065269.

in 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 photodiodeis located

equidistant from the emitter diode.

[0004]

11-12-2019 1
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Although this arrangement of the diode and photodiodes generally gives good results, there are

sometimes problems ofreliability of the pulse measurements, in particular because of

physiological differences between the different carriers, for example in terms of vascularization of

the wrist. These measurementreliability problems may also arise due to poor positioning of the

case on the wrist.

[0005]
The invention aims in particular 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 light sources and at least

two receivers, in that the light sources and the receivers are arranged under the shape of a matrix

comprising two lines, each oriented in a direction orthogonalto the direction of the wrist, and at

least two columns, oriented parailel to the direction of the wrist, in that each line of the matrix

alternately contains a light source and a receiver, and each columnof the matrix contains a light
source and a receiver.

[0007]

Thanks to the arrangement according to the invention, there has been an increasein the reliability

of measurements despite the fact that the receivers are not distributed symmetrically around each

light source.

in particular, shifting the columnsoflight sources and receivers in a direction orthogonalto the

wrist direction makes it possible to cover a wide variety of different physiological characteristics

among the carriers, which makes it possible to compensate for the differences in vascularization.

{0008}
The arrangement according to the invention also makesit possible 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.
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[0009]

Preferably, the distance between eachlight source and the adjacent receiver in a row ofthe array

is substantially equal to the distance between eachlight source and the adjacent receiverina

column ofthe array.

Such an arrangement facilitates 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 thefirst line

contains a light source surrounded by tworeceivers, and the second line contains a receiver

surrounded by two light sources.

This arrangementoffers a particularly effective compromise by covering a greater numberof

different carrier physiologies while allowing to realize a compact and economical optical electronic

measuring device. in particular, this arrangement minimizes the area occupied on the bottom of

the housing, particularly in the direction of the wrist, with respect to a device according to the prior

art.

[0011]

in the context of the present invention, it has unexpectedly 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 makesit possible to

obtain at least one reliable reception signal in the majority of cases, whatever the morphology of

the wearer and its vascularization 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 results 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

correspondsto 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 signais and makesit possible to

compensate measurement errors between the different receivers.

[0014]

Advantageously, the electronic circuit comprises a unit for calculating a reliability index of the

measurements which is a function of the pulse values obtained by the pulse calculation unit. This

reliability 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 pulse values and by makingit

possible to inform the user of the quality of the measurements made. in addition, when this

reliability 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 value is calculated from the reception signal

produced by each receiver during the measurement step, characterized in that a step of

calculating 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 pulse calculation step.

[0016]
According to other characteristics of this method: the step of calculating the pulse is followed by a

step of calculating a reliability index of the measurements during which a comparison is made

between the pulse values obtained in the step of pulse calculation; the step of calculating the

reliability index of the measurements is followed 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 whetherthe

pulsometeris worn orif the case is positioned incorrectly on the wrist.

[0017]
Other characteristics and advantages of the present invention will appear more clearly on reading

the detailed description which follows, made with reference to the accompanying drawings given

by way of non-limiting example and in which: FIG. 1 is a view from above which schematically

represents the pulsometer according to the invention worn on the wrist of a wearer, FIG. 2is a

bottom view diagrammatically showing the bottom of the pulsometer casing of FIG. 1 and its

electronic device for optical pulse measurement, Figure 3 is a sectional view along the plane 3-3

which schematically shows the pulsometer of Figure 1 and the light beam emitted by a light source

of the electronic optical measuring device; FIG. 4 is a block diagram which represents the

pulsometer of FIG. 1 and the electronic circuit which equipsit.

[0018]

in Figures 1 to 4, there is shown a portable pulse wrist 12 of a carrier.

The pulsometer 10 comprises a casing 14 aitached to the wrist 12 by means of a wristband 16.

{0019]
in the remainderof the description, the direction D1 of the wrist 12 will 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 electronic device 18 for measuring the carrier's pulse and an

electronic circuit 20 for processing the measurements in order to calculate the carrier's pulse P
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and to display it by meansof a display device 22 such as as a liquid 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 R71, R2, R3 which are oriented

towards the wrist 12 of the wearer and which are arranged in the form of a mairix comprising two

lines L1, L2, oriented in a direction orthogonalto the direction D1 of the wrist 12, and at least two

columns C1, C2, C3, oriented parallel to the direction D1 of the wrist.

in addition, each line L1, L2 of the matrix alternately contains a light source E1, E2, E3 anda

receiver R1, R2, R3, and each column Ci, C2, C3 of the matrix contains a fight source E1, E2, E3

and a receiver R1, R2, R3.

[0023]
According to a preferred embodiment, which is shownin the figures, the optical electronic

measurement device 18 comprises three light sources E1, E2, E3, constituted by three diodes

emitting in the infrared range, and three receivers R17, R2 , R3, constituted by three photodiodes

provided to each produce a reception signal SR1, SR2, SR3 whichis a function of the amount of

light received.

[0024]
The matrix therefore comprises here three columns C1, C2, C3 with, considering FIG. 2, a first

column Ci comprising a first receiver R71in thefirst line L1 and a first light source E71 in the

second line L2, a second column C2 having a second light source E2 in thefirst line Li anda
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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]

in the first line L1, the second light source E2 is substantially aligned with the first and third

receivers R1, R3.

in the secondline L2, the first anc third light sources £1, E3 are therefore substantiaily aligned

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 line L1, L2 of the matrix is substantially equal to the distance between each light source

E1, E2, E3 and the receiver R1, R2, R3 adjacent in a C7, C2 column 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 parailel, secant.

{0028}
FIG. 4 showsin greater detail the electronic circuit 20 of the pulsometer 10 according to the
invention.

[0029]

According to the preferred embodiment, the electronic circuit 20 comprises a first computing unit

26 which determines, from the reception signals 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 preferably 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 values 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 meansof 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 value PO. This optimum

pulse value PO is selected on the basis of criteria defined by design, for example the pulse value

P1, P2, P3, PV having the smallest variance is selected as the optimum value PO.

{0032}
The optimum pulse value PO selected by the selection unit 30 is transmitted to the display device

22 to allow the wearerto viewit.

{0033}
Of course, from the optimum pulse value PO, cther parameters related to the pulse value PO can

also be calculated 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 determinesthe value of a reliability index IF of the pulse measurements from the pulse

values P1, P2, P3, PV obtained by the second computing unit 28.
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The third computing unit 32 assigns a reliability index value IF 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 vaiues P1, P2, P3,

PV.

{0035]
Regarding the frequency,it is necessary that the signals are included 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 sametime, this indicates that this information is

reliable since the spatial diversity of the receivers R1, R2, R3 makes that they are influenced

differently when the housing 14 is incorrectly positioned.

[0037]

The amplitude of these signals must be within defined limits, so that a too large amplitude makes it

possible to detect a problem ofreliability of the measurement due to movements of the wearer.

[0038]

The determination of the reliability index IF exploits for example the result of calculations of

variance and dispersion of the pulse values P71, P2, P3, PV.

[0039]
According to an alternative 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 value of the

reliability index IF.

[0040]

The third computing unit 32 can transmit the value of the reliability index IF to the display device

22 to enabie the wearer to know the reliability of the pulse values P that are displayed.
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Depending onthe value of the reliability index IF, when this is representative of insufficient

reliability of the measurements, the electronic circuit 20 can also conirol the suspension of the

display of the pulse P, so as notto display erroneous P-pulse values.

{0041]
Advantageously, depending on the value of the reliability 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

ambientlight that reachesat 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 E71, E2, £3

and three receivers R1, R2, R3 is that which offers the best compromise for improving the

reliability of pulse measurements by covering a large numberof carriers with different

physiological characteristics, while limiting the size and complexity of the optical electronic

measuring device 18.

in addition, this configuration is the one that gives the best results to detect problems of

misplacement of the housing 714 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 light sources E71, E2, E3,

receives light from these three sources. E71, E2, £3, while each of the two other receivers Ri, R3

receive substantially light from the two adjacent light sources, respectively E1, E2 and E2, E3.

To compensate for this imbalance in light reception, it is planned to reduce the gain in the channel

of the analog electronic circuit processing the reception signal SR2 produced by the second
receiver R2.

Alternatively, the aforesaid imbalance of the signal SR2 can be corrected numericaily by the
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caiculation unit 26.

[0044]
The method of controlling the pulsometer according to the invention is now described.

[0045]

This method comprises a measurement step, implemented by the optical measurement electronic

device 18, during which each light source E1, £2, E3 emits a light beam FL directed towards the

wrist 12 of the wearer.

This light 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 enables the heartbeat of the wearer to be measured by detecting pericdic variations in

the light 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 preamble of the

description of this document.

[0047]

According to the teachings of the invention, the step of measuring the pulse P is followed by a step

of calculating the virtual signal SV, implementedby thefirst calculation unit 26, during which the

corresponding virtual signal SV is produced. an addition of the reception signals SR1, SR2, SR3.

{0048]

The step of calculating the virtual signal SV is followed by a step of calculating the pulse P1, P2,

P3, PV, implemented by the second calculation 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 calculating the pulse is followed by a selection step, carried out by the selection unit

30, during which the optimum pulse value PO is selected from the pulse values P1, P2, P3, PV.

obtained during the puise calculation step.

itis this optimum pulse value PO thatis intended to be displayed.

[0050]
Preferably, the step of calculating the pulse is followed by a step of calculating the reliability index

iF of the measurements, implemented by the third calculation unit 32, during which the pulse

values P1, P2, P3 corresponding to the reception signals SR1, SR2, SR3 and the pulse value PV

corresponding to the virtual signal SV are compared with each other so as to determine the value

of the reliability index IF 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 calculating the reliability index IF can provide for comparing the pulse

values P1, P2, P3, PV obtained by the step of calculating the current pulse with the previous

values 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 realistic.

[0052]

The reliability index IF can be calculated taking into account the amplitude values of the DC and

AC components of each pulse value P1, P2, P3, PV due to ambientlight, and amplitude values 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 possible 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 tabie.

[0053]
Advantageously, the step of calculating the reliability index IF is followed by a step of detecting a

bad positioning of the casing 14 on the wrist 12 or of an unworn state of the pulsomeiter 10 during

which, according to of the value of the reliability index IF, the electronic circuit 20 signals to the

carrier the incorrect positioning, for exampie by meansof the display device 22, or the electronic

circuit 20 interrupts the display of the pulse in the case of a detection of an unworn state.
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Description

[0001] L'invention concerne unpulsomeétre portable au
poignet et son procédé de commande.
[0002] L’invention concerne plus particulierement un
pulsométre portable au poignet comportantun boitier qui
contient un dispositif électronique de mesure optique du
pouls du porteur du pulsomeétreet un circuit électronique
pour le traitement des mesures en vue de calculer le
pouls, un bracelet de serrage qui maintient le fond du
boitier plaqué contre le poignet, dans lequel le dispositif
électronique de mesure optique comporte au moins une
source lumineuseet plusieurs récepteurs de lumiére qui
sont agencés dansle fond du boitier et qui sont orientés
vers le poignet.
[0003] Untel type de pulsométre 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’uncarré
défini par quatre photodiodes, de maniére 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 généralementde bonsrésultats, on
constate parfois des problemesdefiabilité des mesures
de pouls, notammenten raison de différences physiolo-
giquesentreles différents porteurs, par exemple en ma-
tiére 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 proposantune solution simple et éco-
nomique.
[0006] Dansce but, l’invention propose un pulsométre
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, ence que les sourceslumineuseset 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 parallélementa la direction du poi-
gnet, en ce que chaque ligne de la matrice contient al-
ternativement une source lumineuse et un récepteur, et
chaque colonnede la matrice contient une source lumi-
neuseet un récepteur.
[0007] Grace a lagencementselon linvention, on a
constaté une augmentation de la fiabilité des mesures
malgré le fait que les récepteurs ne sont pas répartis de
maniére symétrique autour de chaque source lumineuse.
En particulier, le décalage des colonnes de sourceslu-
mineuses et de récepteurs selon une direction orthogo-
nale ala direction du poignet permet de couvrir une gran-
de variété de caractéristiques physiologies différentes
parmi les porteurs, ce qui permet de compenserles dif-
férences de vascularisation.

[0008] L’agencementselonlinvention permet ausside
détecter plus facilement un mauvais positionnement du
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boitier du pulsométre sur le poignet, ce qui permet au
porteur de détecter plus facilementl’origine des erreurs
de mesure du pouls.
[0009] Depréférence, la distance entre chaque source
lumineuseet le récepteur adjacent dans une ligne de la
matrice est sensiblement égale a la distance entre cha-
que source lumineuseetle récepteur adjacent dans une
colonnede la matrice. Un tel agencementfacilite le trai-
tement du signal produit par chaque récepteur en homo-
généisantl’intensité des signaux.
[0010] Selon un mode de réalisation avantageux, la
matrice comportetrois colonnes,etlapremiére ligne con-
tient une source lumineuse entourée par deux récep-
teurs, et la secondeligne contient un récepteur entouré
par deux sources lumineuses. Cette disposition offre un
compromis particuliérement 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 occupéesurle
fond du boitier, notammentdansla direction du poignet,
par rapport a un dispositif selon l'art antérieur.
[0011] Dans le cadre de la présente invention,il a été
constaté de maniére inattendue que l’agencement non
symétrique des récepteurs par rapport aux sourceslu-
mineuses n’a pas diminuéla fiabilité 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 émetde la lumiére dansle
domainede linfrarouge, et chaque récepteur est cons-
titué par une photodiode. Ce systéme de mesure optique
est celui qui offre les meilleurs résultats en matiére de
fiabilité et de qualité des mesures, tout en étant écono-
mique et simple de mise en oeuvre.
[0013] Selon un mode de réalisation avantageux, le
circuit électronique comprend une unité de calcul du
pouls qui calcule une valeur de pouls correspondantres-
pectivement a chaquesignal de réception produit par un
récepteur et a un signalvirtuel obtenu par une unité de
calcul d’un signal virtuel qui correspond a une addition
des signaux de réception produits par chacun des récep-
teurs. Une unité de sélection détermine une valeur de

pouls optimale parmi les valeurs de pouls obtenues par
Punité de calcul du pouls. Cette solution augmente en-
core la diversité des signaux exploitables et permet de
compenser les erreurs de mesuresentre les différents
récepteurs.
[0014] Avantageusemenrt,le circuit électronique com-
prend une unité de calcul d’un indice dle fiabilité des me-
sures qui est fonction des valeurs de pouls obtenues par
Punité de calcul du pouls. Cet indice defiabilité permet
d’exploiter au mieux la diversité des signaux produits par
les récepteurs en permettant d’éviter d’afficher des va-
leurs de poulsirréalistes et en permettant d’informer l'uti-
lisateur sur la qualité des mesures effectuées. Deplus,
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lorsque cet indice de fiabilité atteint une valeur détermi-
née, le circuit électronique peut détecter un mauvais po-
sitionnementdu boitier sur le poignet ou un état non porté
du pulsomeétre.
[0015] L’invention propose aussi un procédé de com-
mande d’un pulsométre selon l'une des caractéristiques
précédentes, comportant une étape de mesure au cours
de laquelle chaque source lumineuse émetun faisceau
lumineux et chaque récepteur produit un signal de ré-
ception en fonction de la lumiére reque, et une étape de
calcul du pouls au cours de laquelle une valeur de pouls
est calculée a partir du signal de réception produit par
chaque récepteurau cours de |’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 récepteursest intercalée entre
’'étape de mesureet I’étape de calcul du pouls, en ce
qu’une valeur de pouls est calculée a partir du signal
virtuel au cours de I’étape de calcul du pouls, et en ce
que, au cours de I’étape de sélection, la valeur de pouls
optimale est sélectionnée parmiles valeurs de pouls ob-
tenues al’étape de calcul du pouls.
[0016] Selond’autres caractéristiques de ce procédé:

-  létape de calcul du pouls est suivie par une étape
de calcul d’un indice defiabilité des mesures au

cours de laquelle une comparaisonest effectuée en-
tre les valeurs de pouls obtenues a l’étape de calcul
du pouls;

- létape 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 laquelle, en
fonction de la valeur de l’indice de fiabilité, est dé-

terminé si le pulsométre est porté ousi le boitier est
mal positionné sur le poignet.

[0017] D’autres caractéristiques et avantages de la
présente invention apparaitrontplus clairementa la lec-
ture de la description détaillée qui suit, faite en référence
aux dessins annexés donnésa titre d’exemple non limi-
tatifs et dans lesquels :

- la figure 1 est une vue de dessus qui représente
schématiquement le pulsométre selon l’invention
porté au poignet d’un porteur:

- la figure 2 est une vue de dessous qui représente
schématiquementle fond du boitier du pulsométre
de lafigure 1 etson dispositif électronique de mesure
optique du pouls;

- la figure 3 est une vue en coupeselonle plan 3-3
qui représente schématiquement le pulsométre de
lafigure 1 et le faisceau lumineux émis par une sour-
ce lumineuse du dispositif électronique de mesure
optique;

- lafigure 4 est un schémafonctionnel qui représente
le pulsométre dela figure 1 et le circuit électronique
qui l’'équipe.
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[0018] Sur les figures 144, ona représenté un pulso-
métre 10 portable au poignet 12 d’un porteur. Le pulso-
métre 10 comporte un boitier 14 attaché 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
lavant-bras associé au poignet 12 du porteur.
[0020] Leboitier 14 contient un dispositif électronique
de mesure optique 18 du pouls du porteuret un circuit
électronique 20 pour le traitement des mesures en vue
de calculer le pouls P du porteur et de l’afficher au moyen
d’un dispositif d’affichage 22 tel qu’un écran a cristaux
liquides.
[0021] Ledispositif électronique de mesure optique 18
est agencé dansle 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 maniére a optimiser le fonctionnementdu 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, R3de lumiére qui sont
orientés vers le poignet 12 du porteur et qui sont agencés
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 parallélementa 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, C3 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,
R38, constitués par trois photodiodes prévues pour pro-
duire chacune un signal de réception SR1, SR2, SR3 qui
est fonction de la quantité de lumiére recue.
[0024] Lamatrice comporte donc icitrois 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 premiére source lumineuse E1
dans la seconde ligne L2, une deuxiéme colonne C2
comportant une deuxiéme source lumineuse E2 dansla
premiere ligne L1 et un deuxiéme récepteur R2 dans la
secondeligne L2, et une troisigme colonne C3 compor-
tant un troisieme récepteur R3 dans la premiére ligne L1
et une troisime source lumineuse E3 dansla seconde

ligne L2.
[0025] Dans la premiéreligne L1, la deuxiéme source
lumineuse E2 est donc sensiblementalignée avecle pre-
mieret le troisieme récepteurs R1, R3. Dans la seconde
ligne L2, la premiére etla troisieme sources lumineuses
E1, E3 sont donc sensiblementalignées avec le deuxie-
me récepteur R2.
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[0026] Depréférence, 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
égale a la distance entre chaque source lumineuse E1,
E2, E3 et le récepteur R1, R2, R38 adjacent dans une
colonne C1, C2 de la matrice.

[0027] Selon le mode deréalisation représenté sur les
figures, les lignes L1, L2 sont rectilignes mais elles pour-
raient aussi é6tre courbéeset décrire deux arcs de cercles

sensiblementparalléles, on sécants.
[0028] Sur la figure 4, on a représenté plus en détail
le circuit électronique 20 du pulsométre 10 selon l’inven-
tion.

[0029] Selon le modede réalisation préféré, le circuit
électronique 20 comprend une premiére unité de calcul
26 qui détermine, 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 réception
virtuel SV associé. Le signal de réception virtuel SV est
de préférence constitué par une addition destrois si-
gnaux de réception SR1, SR2, SR3.
[0030] Lecircuit électronique 20 comporte une deuxié-
me unité de calcul 28 qui détermine,a partir des signaux
de réception SR1, SR2, SR3 produits par les récepteurs
R1, R2, R3 et a partir du signal virtuel SV. les valeurs de
pouls P1, P2, P3, PV correspondantes. La deuxiéme uni-
té de calcul 28 est prévue pour traiter les signaux SR1,
SR2, SR3, SV en éliminantle bruit, par exemple a l'aide
de filtres (non représentés), ce bruit étant dd 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 obtenuespar la deuxiémeunité de
calcul 28, une valeur de pouls optimale PO. Cette valeur
de pouls optimale PO est sélectionnée sur la base de
critéres définis par conception, par exemple la valeur de
pouls P1, P2, P3, PV possédantla plus petite variance
est sélectionnée commevaleur optimale PO.
[0032] La valeur de pouls optimale PO sélectionnée
par l'unité de sélection 30 est transmise au dispositif d’af-
fichage 22 pour permettre au porteur dela visualiser.
[0033] Bien entendu,a partir de la valeur de pouls op-
timale PO, d’autres paramétresliés a la valeur du pouls
PO peuventaussiétre calculés et affichés, par exemple
la quantité de calories consommées,ou d’autres infor-
mationsliées a historique des mesures de pouls.
[0034] Selon le modederéalisation préféré, le circuit
électronique 20 comprendune troisiéme unité de calcul
32 qui détermine 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 deuxiémeunité de calcul 28. La
troisieme unité de calcul 32 affecte une valeur d’indice

de fiabilité IF qui est, par exemple, fonction dela fréquen-
ce des signaux correspondant aux valeurs de pouls P1,
P2, P3, PV, de la corrélation entre ces signaux, de l’'am-
plitude de ces signaux, et de I’historique des valeurs de
pouls P1, P2, P3, PV.
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[0035] Concernantla fréquence, il faut que les signaux
soient compris dans une bande spectrale déterminée.
[0036] Lorsque plusieurs signaux sont corrélés, c’est-
a-dire que plusieurs signaux donnent la mémeinforma-
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 influencés différemment lorsque le
boitier 14 est mal positionné.
[0037] L’amplitude de ces signaux doit étre comprise
dansdeslimites déterminées, de sorte qu’une amplitude
trop importante permet de détecter un probleme defia-
bilité de la mesure dt a des mouvements du porteur.
[0038] La détermination de lindice defiabilité IF ex-
ploite par exemple le résultat des calculs de variance et
de dispersion des valeurs de pouls P1, P2, P3, PV.
[0039] Selonune variante de réalisation de invention,
la troisieme unité de calcul 32 peut aussiutiliser les si-
gnaux de réception SR1, SR2, SR8etle signal virtuel
SV pour déterminer la valeur de lindice de fiabilité IF.
[0040] Latroisiéme unité de calcul 32 peut transmettre
la valeur de l’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 defiabilité IF, lorsque celle-ci est re-
présentative d’unefiabilité insuffisante des mesures, le
circuit électronique 20 peut aussi commanderla suspen-
sion de l’affichage du pouls P, de maniére a ne pasaffi-
cher de valeurs de pouls P erronées.
[0041] Avantageusement, en fonction de la valeur de
lindice de fiabilité IF, le circuit électronique 20 peut dé-
tecter un mauvais positionnement du boitier 14 sur le
poignet12, ce qui Sse traduit par une plus grande quantité
de lumiére ambiante qui atteint au moins l'un des récep-
teurs R1, R2, R3.

[0042] Dansle cadre de la présente invention, aprés
de nombreuses expérimentationset essais, il a été cons-
taté que la configuration selon le mode de réalisation
préféré avectrois sources lumineuses E1, E2, E3 et trois
récepteurs R1, R2, R3 est celle qui offre le meilleur com-
promis pour l'amélioration dela fiabilité des mesures de
pouls en couvrant un nombre importantde porteurs avec
des caractéristiques physiologiques différentes, tout en
limitant Pencombrement et la complexité du dispositif
électronique de mesure optique 18. De plus, cette con-
figuration est celle qui donne les meilleurs résultats pour
détecter des problémes de mauvais positionnement du
boitier 14 sur le poignet 12.
[0043] On note que, dans le mode deréalisation pré-
féré, le deuxiéme récepteur R2, qui est situé au centre
de la secondeligne L2 et qui est donc entouré partrois
sources lumineuses E1, E2, E3, regoit de la lumiére pro-
venantde cestrois sources lumineuses E1, E2, E3, alors

que chacun des deux autres récepteurs R1, R3 recoivent
essentiellement de la lumiére provenant des deux sour-
ces lumineuses adjacentes, respectivement E1, E2 et
E2, E3. Pour compenserce déséquilibre dans la récep-
tion de lumiére, il est prévu de diminuerle gain dansle
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canal du circuit électronique analogiquetraitantle signal
de réception SR2 produit par le deuxiéme récepteur R2.
Alternativement, le susdit déséquilibre du signal SR2
peut 6tre corrigé numériquementparlunité de calcul 26.
[0044] Ondécrit maintenantle procédé de commande
du pulsomeétreselon l’invention.
[0045] Ce procédé comporte une étape de mesure,
mise en oeuvreparle 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 dansle poignet 12 et une partie de ce faisceau
lumineux FL estrétro-diffusée et détectée par les récep-
teurs R1, R2, R38. En fonction de la quantité de lumiére
regue, chaque récepteur produit un signal de réception
SR1, SR2, SR3 qui permetla mesure des pulsations car-
diaques du porteur en détectant des variations périodi-
ques de |’6nergie lumineuse absorbéeparles tissus du
porteur.
[0046] Le principe de cette étape de mesure du pouls
P est décrit notamment dans le document US

2003/0065269 auquelon pourra se reporter pour plus de
détails, en particulier dans le préambule de la description
de ce documert.

[0047] Conformément aux enseignements de l’inven-
tion, I’étape de mesure du pouls P est suivie par une
étape de calcul du signal virtuel SV, mise en oeuvre par
la premiére unité de calcul 26, au cours de laquelle est
produit le signal virtuel SV correspondant a une addition
des signaux de réception 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 parla deuxiéme unité de calcul 28, au cours
de laquelle les signaux de réception SR1, SR2, SR3 et
le signal virtuel SV sont traités de maniére a déterminer
les valeurs de pouls P1, P2, P3, PV correspondantes.
[0049] L’étape de calcul du pouls est suivie par une
étape de sélection, mise en oeuvre par l’unité de sélec-
tion 30, au cours de laquelle la valeur de pouls optimale
PO est sélectionnée parmiles valeurs de pouls P1, P2,
P3, PV obtenues au cours de |’étape de calcul du pouls.
C’est cette valeur de pouls optimale PO qui est prévue
pour étre affichée.
[0050] De préférence, I’étape de calcul du pouls est
suivie par une étape de calcul de indice defiabilité IF
des mesures, mise en oeuvre parla troisieme unité de
calcul 32, au cours de laquelle les valeurs de pouls P1,
P2, P3 correspondant aux signaux de réception SR1,
SR2, SR3 et la valeur de pouls PV correspondant au
signal virtuel SV sont comparéesentre elles de maniére
a déterminer la valeur de l’indice defiabilité IF représen-
tatif de la confiance qui peut étre placée dans les mesures
effectuées et dans la valeur de pouls optimale PO obte-
nue par Punité de sélection 30.
[0051] On note que l’étape de calcul de l’indice defia-
bilité IF peut prévoir de comparer les valeurs de pouls
P1, P2, P3, PV obtenues par I’étape de calcul du pouls
en cours aux valeurs antérieures qui ont été obtenues
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lors des étapes de calcul correspondant aux mesures
précédentes et qui ont été mémorisés, ce qui permet de
déterminersi l’évolution de la valeur du pouls PO au
cours du tempsestréaliste.
[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 lumiére ambiante, et des valeurs d’am-
plitude des composantescontinueet alternative de cha-
que signal P1, P2, P3, PV dues 4a la lumiére émise par
les sources E1, E2, E3, et en tenant compte de valeurs
dérivées de ces signaux P1, P2, P3, PV, commepar
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 ot le pulsométre 10 est non
porté, par exemple lorsqu’il est posé sur une table.
[0053] Avantageusement,I’étape de calcul de l’indice
de fiabilité IF est suivie par une étape de détection d’un
mauvais positionnementdu boitier 14 sur le poignet 12
ou d’un état non porté du pulsomeétre 10 au cours de
laquelle, en fonction de la valeur de lindice de fiabilité
IF, le circuit électronique 20 signale au porteur le mauvais
positionnement, par exemple au moyen du dispositif d’ af-
fichage 22, ou le circuit électronique 20 interrompt l’affi-
chagedu pouls dansle cas d’unedétection d’un état non
porté.

Revendications

1. Pulsométre (10) portable au poignet (12) comportant
un boitier (14) qui contient un dispositif électronique
de mesure optique (18) du pouls du porteur du pul-
someétre (10) et un circuit électronique (20) pour le
traiternent des mesures en vue decalculer le pouls
(P), un bracelet (16) de serrage qui maintientle 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
lumiére qui sont agencésdansle fond (24) du boitier
(14) et qui sont orientés vers le poignet (12).
caractérisé en ce quele 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 parallélement ala direction (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 la revendication précédente,
caractérisé en ce que la distance entre chaque
source lumineuse (E1, E2, E3) et le récepteur (R1,
R2, R3) adjacent dans une ligne (L1, L2) de la ma-
trice est sensiblement égale a la distance entre cha-
que source lumineuse (E1, E2, E3) et le récepteur
(R1, R2, R3) adjacent dans une colonne (C1, C2,
C3) de la matrice.

Pulsomeétre (10) selon la revendication 1 ou 2, ca-
ractérisé en ce que la matrice comportetrois co-
lonnes (C1, C2, C3), et en ce que la premiére ligne
(L1) contient une source lumineuse (E2) entourée
par deux récepteurs (R1, R3), et la seconde ligne
(L2} contient un récepteur (R2} entouré par deux
sources lumineuses (E1, E3).

Pulsomeétre (10) selon ’'une quelconque des reven-
dications précédentes, caractérisé en ce que cha-
que source lumineuse (E1, E2, E3) est constituée
par une diode qui émetde lalumiére dans le domaine
de l’infrarouge, et chaque récepteur (R1, R2, R3) est
constitué par une photodiode.

Pulsométre (10) selon l'une quelconque des reven-
dications précédente, caractérisé en ce quele cir-
cuit électronique (20) comprend une unité de calcul
du pouls (28) qui calcule une valeur de pouls (P1,
P2, P3) correspondant respectivement a chaquesi-
gnal de réception (SR1, SR2, SR3) produit par un
récepteur (R1, R2, R3), etune unité de sélection (30)
qui détermine une valeur de pouls optimale (PO) par-
mi les valeurs de pouls (P1, P2, P3) obtenues par
Punité de calcul du pouls (28).

Pulsométre (10) selon ’'une quelconque des reven-
dications 1 a4, caractérisé en ce que le circuit élec-
tronique (20) comprend uneunité de calcul (26) d'un
signalvirtuel (SV) correspondant a une addition des
signaux de réception (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, P38, PV) correspondant respectivement a
chaque signal de réception (SR1, SR2, SR3) produit
par un récepteur (R1, R2, R3) et au signal virtuel
(SV), et une unité de sélection (30) qui détermine
une valeur de pouls optimale (PO) parmiles valeurs
de pouls (P1, P2, P3, PV) obtenuespar l’unité de
calcul du pouls (28).

Pulsomeétre (10) selon la revendication 5 ou 6, ca-
ractérisé en ce quele circuit Glectronique (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 parl’unité de calcul
du pouls (28).
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8.

10.

11.

Procédé de commande d’un pulsométre (10) selon
rune 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) et chaque récepteur (R1,
R2, R38) produit un signal de réception (SR1, SR2,
SR3) en fonction de la lumiére 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 |’étape de me-
sure, caractérisé en ce que l’étape de calcul du
pouls (P1, P2, P3) est suivie par une étape de sé-
lection au cours de laquelle une valeur de pouls op-
timale (PO) est sélectionnée parmi les valeurs de
pouls (P1, P2, P3) obtenues a I’étape de calcul du
pouls.

Procédé de commande d’un pulsométre (10) selon
rune quelconque des revendications 1 4 7, compor-
tant une étape de mesure au cours de laquelle cha-
que source lumineuse (E1, E2, E3) émetun faisceau
lumineux (FL) et chaque récepteur (R1, R2, R3) pro-
duit un signal de réception (SR1, SR2, SR3) en fonc-
tion de la lumiére 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 ’étape de mesure, caractérisé
ence qu'une étape de calcul d’un signalvirtuel (SV)
correspondanta une addition des signaux de récep-
tion (SR1, SR2, SR3) produits par chacun des ré-
cepteurs (R1, R2, R3) est intercalée entre I’é6tape de
mesureet 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 |’étape de calcul du pouls,
et en ce que, au cours de l’étape de sélection, la
valeur de pouls optimale (PO) est sélectionnée parmi
les valeurs de pouls (P1, P2, P3, PV) obtenues a
l'étape de calcul du pouls.

Procédé de commandeselonla revendication 8 ou

9, caractérisé en ce que |’étape de calcul du pouls
est suivie par une étape de calcul d’un indice defia-
bilité (IF) des mesures au cours de laquelle une com-
paraisonest effectuée entre les valeurs de pouls (P1,
P2, P3, PV) obtenues a l’étape de calcul du pouls.

Procédé de commandeselonla revendication pré-
cédente, caractérisé en ce que |’étape de calcul de
indice de fiabilité (IF) des mesures est suivie par
une étape de détection de |’état de positionnement
du boitier (14) au cours de laquelle, en fonction de
la valeur de lindice defiabilité (IF), est déterminé si
le pulsométre (10) est porté ou si le boitier (14) est
mal positionné sur le poignet (12).
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Patent Translate
Powersd by ESO and Gongie 

Notice
This translation is machine-generatedl.It carinot be guaranteed that it is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based an machine-translation output.

CLAIMS JPH11235320

i.

A light emitting means for irradiating light to a detection part ofthe living body, a biclogical

information detecting means far receiving a reflected light from the living body related to the

light irradiated by the light emitting means and generating a biclogical information signal
corresponding to the amount of received light: A circuit that amplifies or
information signal generated by the biological information detection means, the light emitting

means, the biological information detection mearis, and a support that sapports the circuit; and
the support that is connected to the suppart. A fixing means for fixing to a living body, and fs

electrically connected to al least one of the light emitting means, the biological information
detecting means, and the circuit, andis movably supported by the support so as to face the living

 converts the biglagical

body. A grounding terminal and a biasing means for constantly biasing the grounding terminal

toward the living body when the supportis fixed to the diving body bythe fixing means. The
biological information measuring device for.

2.

‘The support has a convex portion farmed on asurface directed to the ving body when fixed to

the living body, and the convex portion protects the Hght emitting means and the biological

information detecting means, and A translucent body that secures the pragress of light fromthe

light emitting unit through the living bady to the biometric informatian detecting unit and the
grounding terminal are attached, and the translucent bodyand the grounding terminal are more

than the convex portion. The biological information measuring device according to claim 1,

wherein the biological information measuring device is protruded toward the living body.
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3.

Adipht emliter that emits Hght to a detection site of a living bady: a Nght receiver that receives

reflected light from the living bodyaccording to light emitted bythe light emitter and generates a
biological information signal corresponding to the amount of received light: and the lish

receiving means A circuit that amplifies or converts the biclagical information signal generated

by the device, a light-emitting bady, a light-receiving body and a suppart that supports the
clroult A wourkd body thatis wound to fix the support to the ving body, and is electrically

connected to af least one of the ight emitter, the light receiver, and the circuit, and Is movable to

the support A grounding terminal supported and opposed fo the living body, and.a spring. that

constantly biases the grounding terminal toward the living bedy when the supporting bedyis

fixed to the living bady by the wound body: Characterized by comprising The biolagical

information measuring davice for,

4.

‘The support has a convex portion formed on a surface directed! to the living body when fixed to

the living body, and the convex portion protects the ight emitter and the light receiver, and the
light emitter, A translucent body that secures the progression oflight fromthe living bodyto the

light receiving body and the grounding terminal, and the transincent body and the graunding

terminal are located on the living bodyside of the convex portion. The living body information
THRE

protruded into the body.

 suring device according to claint 3, wherein the living body information measuring deviceis

cc
3.

The living body side end face of the grounding terminal and the living bodyside end face of the

transhicent bady are positioned on substantially the sare plane when pressed toward the living
body. The biological information measuring devine according to claim: 2 or4.

6.

Alight emitting means for irradiating light toa detection part of the living body, a biological

information detecting means for receiving a reflected light from the living bodyrelated ta the

light irradiated by the light emitting means and generating a biological informationsignal

corresponding to the amount of received light: A circuit that amplifies or converts the biclogical

information signal generated by the biological Information detection means, the light emitting
means, the bislagical information detection means, and a. support that supports the circuit: and

the supportthat is connected to the support. A grounding means that is electrically connected fo

al least one of the fixing means for fixing to the living body, the light eniltting means, the
biological information detecting means, and the circull, aud is supported by the support and

opposed to the living body. A terminal is attached to the support to protect the light emitting
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means arid the binlogical information detecting means, and the light travels fram the light

emitting means through the living bady to the biolagical information detecting means. The

grounding terminal and the translucent body project toward the living beadyside than the
support body, the living body side erv] surface of the prounding terminal, and the translucent

bodyThe living bedy side end faceis located on substantially the saoie plane, the grounding

terminal has a loop shape, and is dispused seas Lo surroand the translucent body. Measuring
devine.

re

A lightemitter that emlis light to a detection site ofa living body, a lightreceiver thal receives

reflectedlight fromthe Hving bady according to light emitted bythe light emitter and gerierates a

biological information signal corresponding to the ameunt of received dight: and the light
receiving means A circuit chat amplllies or converts the biological information signal generated

by thedevice, a light-emitting body, a light-receiving bedy and a support that supports the
circuit: Awound body that is wound to fix the support to the living body. and is electrically

connected to atleast one of the light emitter, the light receiver, andthe circuit, andis supported
by the support. A grounding terminal opposedta the living body andlight attached to the

support ta protect the lipht emitting means and the biclagicalinformation detecting means and

fram the light emitting means throughthe living bodyto the hiclogical information detecting
means Progress The grounding terminal andthe translucent body protrude fram the support

bodytoward the living hody side, the living bodyside end surface of the grounding terminal, and
the translucent bady The living body side end surface ofthe living bodyis Jocated on
substantially the same plane, the sraunding terminal has alocp shape, and is disposer sc as te

sinround the translucent bory, Measuring device.
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Notice
This translation is machine-generatedl.It carinot be guaranteed that it is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based an machine-translation output.

DESCRIPTION JPH11235320

(0001)
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a

biclogical Information measuring apparatus capable of aptically measuring biolagical

information such as a pulserate.

(0002)

2. Description of the Related Art In order to obtain information such as the pulse rate of a Hving

body, the Heht from the Wuminant is irradiated on the living body, and the reflected light from

the living bodyis received by a phatosensor, thereby changing the reflected light corresponding
to the pulse. Measurement technology has already beenimplemented. In such a technique, alight

emitter, a photosensar, or a circuit thal converts and amplifies an electric signal oulput fram the

photusensor is grounded. This srounding can be perfortned by bringing a prounding terminal

into contact with the living bady.

{0003}

itis desirable that the floating capacitance between the portion te be grounded and the living

bodyis low and stable. However, in the past, sirice it was dificult to always bring the ground
terminal inte close contact with the Hving body during the measurement, the floating capacitance

sometimes increased of fluctuated. In particular, when measurement is performed on a site
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where muscle is developed, there is a high possibilty that the ground terminal and the living

bary are separated when the living badyis exercising. In particular, when the fluctuation of the

reflected light from the living bodyis small due to a thick skin layer, the level of the output signal

result, the measurement accuracy was lowered.

[0004]

In order ta always keep the grounding terminal in close contact with the living badly, 8 is possible

to take a measure by pressing the device attached to it with a band or the ke with a strong

holding force against the living body. but in that case, the band inevitably presses the living body.

it becomes difficult to use for a long time because the strength becames strong and the living

bodyfeels a high pressure feeling over a wide range. in particular, when the measurement is
performed on a portion having a lot of unevenness on the skin surface, it must be pressed with a
considerable farce.

[OOOS}
‘The present invention has been madein view of the above circumstances, and an object thereof

is to provide a biological information measuring apparatus capable of improving measurement

accuracy while minimizing a feeling of pressure applied to a ving body.

[O006}

in order to. solve the above prablems,a living body information measuring apparatus according

to the present invention comprises. a ight emitting meas for irradiating Hight to a detection site

af a living bady, and the living bodyrelating to Hpht emitted bythe light emitting oeans. A living

bady information detecting means for receiving a reflected light fromthe living bady and

generating a living body informationsignal corresponding to the amount of received light, a

circuit for amplifying or converting theliving body information signal generated bythe living

bodyinformation detecting means, the light emitting means, Biological information detection

means and a support bodyfor supporting the circuit) Fixing means connected to the support

bodyfor fixing the support body to the living body: At least ane of the Nght emitting means, the

biological information detection means, and the circuit And the grounding terminal that is
movably supported by the support andis epposed to the living body, andthe fixing means fixes
the support to the living body. Qceasionally, characterizedin that  camprises a biasing means

for constantly urgedtoward the ground terminal to the living body.
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[0007]
in another aspect, the biological information measuring apparatus according fo the present

invention receives a light emitting badythat irradiates light on a detection portion of a living
body and reflected ght from the living budyrelate:] ta the Beht emitter by the Heht emitting

body. A light receiving body that generates a biological information signal according to the

amount of received light, a circuit that amplifies or converts the Diclogical informationsignal

generated by the tight receiving means, the light emitting hody, the light receiving body, anda

support that supports the circuit; At least one of a wound bedy coupled to the suppert and
wound aroundthe living body in the vicinity of the detection siteto fix the support to the living

body, the light emitter, the ght receiver, and the ciecult.And the grounding terminal that ds

movably supported by the support and is oppased to the living bady, and the support is fixed tp

the living body hy the wound body. The grounding terminal Characterized in that it comprises a
spring which constantly urged toward the body.

[O608}

According ta the above configuration, when the suppart is fixed to the living body, the grounding

terminal supported so as to be movable is always biased toward the living bodybythe biasing
mans or the spring.

in other wards, since the necessary part is always grounded, the influence of the stray

capacitance is always minimized.

Accordingly, the measurement accuracyis improved as.compared with the conventional case.

The grounding is ensured by the biasing means or spring supported by the support, su tat the

range of pressure on the living bodyis narrow, the feelingof pressure felt by the living bodyis

minimized, and the living body can withstand longderm measurements.itis possible.

[o00g|

‘The support has a convex portion formed on a surface directed to the living body when Bred toBp } 8 ,;

the living body, and the convex portion protects the ight enutting means and he biological

information detecting means, and A translucent body that ensures the progress of Heht fram the
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light emitting unit through the living body to the biometric information detecting unit and the

grounding terminal are attached. and the translucent body and the sraunding terminal are more

than the canvex portion. You may make it protrude on the said biological bodyside. According to
this, the grounding terminal protrudes to the living bodlyside framthe convex portion of the

support. Therefore, the adhesion between the ground terminal and the living bodyis improved,

and the measarement accuracyis further improved. In addition, since the transhicent body

protrudes more toward the living hady than the convex portion of the support bady, the adhesion

between the translucent bady and the living body can be improved, and the influence of external

light of the biometric infermation detecting means can be reduced.

fQQ10)

Further, the biological information measuring apparatus according to the present Invention

includes a light emitting unit that irradiates light ta a detection site of a Hvingbady, and a living
bodythat receives reflected light fromtheliving bodyrelated to the Nght irradiated by thelight
ensitting unt and that corresponds to the amount of light received. Biological information

detection means for generating an information signal, a circuit for anyplifying or converting the
biological information signal generated by the biological information detection means, the light

emitting means, the biolagical information detection means, and a support for sugporting the

circuit, The fixing means coupled to the support body and electrically cannected to at least ane of
a fixing means for fixing the support hoelyto the living body, the light emitting means, the
biological information detection means, and the circuit. A grounding terminal supported and

opposed to the living body, and allachedto ihe supporting body io protect the light eniitting
means and the biological Information detecting means, and fram the light emitting means to the

living body. A translucent body that ensures the progress of light reaching the biological
information detecting means, and the grounding terrninal and the translucent body protrude

toward the living body from the support, and the grounding terminal The living bodyside end

jace and the living body side end face of the translucent body are located on substantially the
same plane, and the grounding terminal has a loop shape so as to surroundthe translucent body.

it may be characterized by being arranged.

[O01 1
Furthermore, in another aspect, the biological information measuring apparatus according to the

present invention receives a light emitting bodythat irradiates light on a detection site of the

living body and reflectedlight from the living bodythat is related ta the light emitted bythe light
emitting body. A ight receiving body that generates a biological information signal according to
the amonnt, a circuit that amplifies or converts the biclogical information signal generated by the

light recelving means, the light emitting body, the light receiving body, and a suppart that
supports the circull At least one of a wound body coupled to asupport body and wound around

the living body in the vicinity of the detection site, and fixing the supportbady to the living body,
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the light emitter, the light receiver, and the circuit And a grounding terminal supported by the
support and opposedto the living bedy, and attached to the suppart te protect the light emitting

means and the biological information detectian means.The light emission A translucent body
that ensures the propress oflight from the stage throughthe living body to the biometric

information detecting means, and the grounding terminal and the translucent body protrude

toward the living body fromthe support, The living budyside end surface ofthe grounding
terminal and theliving bodyside endsurfare of the translucent body are located on substantially

the same plane, and the grounding terminal has a loop shape, It is arranged so as to surround the

bady.

FOO 12}

As described above, the end face of the grounding terminal and the end face of the translucent.
body are positioned on substantially the same plane, and the grounding terminal is arranged

around the translucent bady in a loop shape.so that the end lace of the grounding terminal and

the translucent body The pressure applied to theliving bedy bythe end surface of the bodyis
made uniform.

Therefore, compared with the case where pressure concentrates, the feeling of pressure on the

living body can be reduced.

Further, since the grounding terminal has a loop shape, for example, even if there is.a relative

movement between the living body and the support, the grounding terminal and the living body

are not separated. In athet words, since the necessarypart is always grounded, the influence of

the stray capacitance is always minimized, Accordingly, the measurement accuracy is improved

as compared with the convendonal case. Further, since the laap-shaped grounding terminal

surrounds the Hight transmitting body, the influence of external light on the measurement can be

proverited,

(0013)

DESCRIPTION OF THE PREFERRED EMBODIMENTS Various enbodiments of the present

invention will be described belowwith reference to the drawings. 1. First Embodiment (1)

Schematic Structure As shown in FIG. | and FIG. 2, the biological Information measuring device

according to the embodiment of the present invetion is a wristwatch type, and a housing (with
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various electric parts or electronic parts Guilt in ( (Support hody) 10 and a wristband {fixing

means, wound body} 20 which is connected fo the housing 1) and wound around a human arm

to fix the housing 10 to the arm.

(0014)

The wristbarul 20 in this embodiment has ovo band pieces 2l-and 22. One end of the band piece

21 is conmected to the lower end of the housing 10. The lower end of the bared piece 22 is

connected to the upper end of the housing 10. A method of connecting the band pieces 21 and

Z2.ta the housing 10 is a known method using a spring bar 25 (see FIG. 3). As a material of the

band pieces 21 and 22. a material that does not transmit light is selected In order to suppress 4

measurement error of a pulse wave sensor unit describedlater.

fQ015)

As shown in FIG. 1. a buckle 26 and a tongue 27 are attached to the end of the bandpiece 22 far
from the housing 1 ina known manner. Onthe other hard, a plurality of small holes 28 are
formed in the band piece 22 at equal intervals along the longitudinal direction. The band piece

22 is inserted inte the buckle 26, and ihe tongue 27 is passed through one of the smali hales 28,
wherebythe biclagical information measuring device is fixed to the human arm, and the back

surface of the housing 10 is in close contact with the back of the wrist. Then, by selecting the
small bole 28 through which the tongue 27 ts passed, the peripheral length of the device is

adjusted.

[OO1L6]

FIG. 3 shows a crass section of the housing 10. As shown In the figure. the housing 10 has an

outer case Li disposed on the frontside and a back cover 12 disposed on the back side. The

outer case 1] and the back cover [2 are fixed in combination with each other to form a space for

accommodating various electric parts or electronic parts. As a material for the outer case 1] and
the back cover 12, asmaterial that does nottransmit Hwhtis selectad.

(0017)
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A pulse wave sensor unit 100 is supparted on the housing 10. The pulse wave sensor anit 100is

a réflective optical sensor, and fricludes a circuit board 101 disposed on the back cover 12 and
an LED (Light Emitting Unit} mounted on the back surface of the circuit board 1G1. (Emitting

Diade) 102 and a photodiode 10S (see FIG. 4) which is a photoreceptor {hiclogical infermation

detection means}. The light eniitted from the LED 102 travels downward in the figure and

irradiates the wearer's wrist. Irradiation Hght is absarhed by wrist tissues, blood vessels, and the.

like, and the irradiation light that has escaped absorption is reflected. The reflected light is

received by the photodiode 103,and the photoadinde 109 generates an electric signal

correspondingto the intensity of the received light.

{OO18}

A throughhole is formed in the center of the back cover 12, and a transparent glass 104 is fixed

soas to cover the through hole. The transparent glass 104allows light transmission for the LED
iD2 and the photodiode 103 and at the sametime protects them.

[0019}
Although not shown in FIG, 3, an OP amplifier 10G and resistors 107a and 1O7b (see FIG. 5),

which will be described later. are mounted on the cirenli beard 101. These electric components

amplify and output the output signal of the photodiode 10S. It is supposed to be converted,

(6020)

A main board 110 is dispased in the internal space ofthe housing 10.

The main board 110 is providedwith a data processing circuit 111 including an JC camponent

such asa CPU (Central Processing Unit) described later. Qn the back side of the main board 110,

a battery 112 serving as a power source of the biological information measuring apparatus is

disposed, The battery 112is connected fo a circuit on the main board 110. Further, a liquid
crystal display device 113 is disposed on the front side of the main substrate 110. On the front
side of the liquid crystal display device 113, a transparent glass 114 that allows the liquid crystal

display device 113 to be visible arid protects the liquidcrystal display device 113 is disposed,
The transparent glass 114 is supported by the outer case 1) of the housing 10, Theliquid crystal

display device 113 displays the pulse rate (biological information) that is the measurement result
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of the pulse wave sensor unit 100.

[002 1)

In this embodiment, the circuit provided on the main board 110 has a function of counting time

and date as in a nermal digital clock. The liquid crystal display device 113 can displaytire and
date.in addition to the above pulse rate, In the liquid crystal display device 113 shown in FIG. 1,

“E08” represents me, and “127” represents pulse rate. As shown in FIG. 1 the outer case
il of the housing 10is provided with button switches 116 and 117 for performing time

adjustment, display rode switching, and the like.

[O022)

The main board 110 and the pulse wave sensor unit 100 are cormected to eachether by a

comnector (nat shawn), Thus, poweris supplied fram the main board 110 ta the pulse wave

sensor unit 160, and a pulse wavesignal is supplied Iromthe pulse waveserisor unit 100 to the
rredh board 110.

jDOZ3 Spree,

(2) Pulse Detection PIG. 5 shows details of the pulse wave sensor unit 100. As shown in the

Higure, a posilive voliage + V is applied io the anode of the LED 102, and its cathade is grounded
viaa resistor 107a anda conducting wire 108. The grounding ia performed by bringing a

grounding terminal 140 described later into cantact with the wrist surlace of the subject. Since

the resistor 1O7a acts as 4 currerit limiting resistor, a desired current flaws through the LED 102.

0024)

A pasitive voltage + Vis applied to the cathode of the photodiade 103, and an anodeis connected

to the negative input terminal of the OP amplifier 106. The outpul signal of the OP amplifier 106
is fed back to the negative input terminal via the resistor 107b, The input impedance of the OP

amplifier 106is extremely high and the gain is also large.
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{0025}

Further, the positive input lerminal of the OP anyplifier 106 is grounded via a conducting wire
1O8b. This grounding is performed by bringing a grounding terminal 141 described later into

comact with the wrist surface of the subject. Thus, since the pasitive input terminal of the OP
amplifier 106.is grounded, the anode of the photediode 103 is Iiaginarily shorted ta the ground.

Therefore, the photodiode [O03 is reverse-biased. and when light is inciders. thereon, a current

corresponding to the amount of light Hows. This currentis larger as the Incident lightis stranger.

The OP amplifier 106 and the resistor 1O7b convert the current from the photodiode 103 into a

voltage and amplify it. That is, the output signal Vm of the OP amplifier 106 varies according to
the amount ofincident light.

{0026}

The principle of the pulse wave sensor unit 100 will be described with reference to FIG. In the

figure, Tis the epidermis of the living body to be detected, ard C is capillaries and arterioles. A
living tissue is farmed between the epidermis T and the blood vessel C, And blaad flows inside

the blood vessel C. Part of the light emitted from. the LED 102is absorbed bythe biological tissue
and hemoglobinin the blood, and the other part is reflected by the biolagical tissue, and the

reflected light is received by the photodiode 163, The phatodiode 103 cutputs an electrical
signal according to the amount of received light. Therefore, the output signal of the photodiods

103 reflects absorption byliving dssue and absorption by hemoglobin in blood,

(0027)

MG. 7 is a diagram showing fucituations in absorbance whenlight is externally applied to a

human blood vessel, where 12 1s a Hght absorption component due to tissue, 15 is a light

absorption component due to venous blood, and 14 is a ight absorption camponent due to

arterial blood. The tissue absorptian component [2 is constant because the tissue concentration
does not change. The light absorption component 13 due te venous bloodis also constant. This is

becanse there is no pulsation in the vein and no change in concentration.

{0028}
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As shown in FIG. 8, the blood pressure related to the pulsation of bload pumped out fram the
heart is generally higher and more fluchiating as the blood vessel is closerte the beart, and

lower and not fluctuating in the vein. Therefore, the output current of the photodiode 10S varies

according to the pulsation of the artery. Therefore, the output signal Vin of the OP amplifier 106

obtained by amplifying the ourput of the photodiode 103 can be regarded as a pulse wave signal.

[0029ecnecese

FIG. 9 is a fanctional block diagramof the data pracessing circuit 111 af the main board 110.

‘The pulse wave signal ¥m generatedby the pulse wave sensor unit 100is suppliedto the pulse
wave signal converter 120, and the pulse wavesignal converter 120 converts the pulse wave

signal Vimfrom an analog signalto a digital signal (pulse wave data MD). . The pulse wave data
MD is transferred to a storage unit 121 configured by a RAM (Random Access Memory) or the

like, and the storage unit 121 stores pulse wave data MD fer a predetermined period.

[O030)

The pulse wave data MD is read from the storage unit 121 ata constant evele, and the read pulse
wave data MDis transferred to the frequency analysis unit 122. The frequency analyzing unit

i22 performs frequency analysis an the pulse wave data MD to generate pulse wave analysis

data MKD. There are various frequency analysis methods. In this example, FFT (Fast Fourier
Transform) is used so that analysis can be performed in a short-calenlation time.

(003.1

Next, the pulse wave analysis data MKD is supplied to the pulse rate calculation unit 123, and the

pulse rate calculation unit 123 calculates the pulse rate HR based on the pulse wave analysis
data MKD. in thiscalculation, the pulse rate caloulation unit 123 specifies the peak of the
spectrum intensity of the pulse waveanalysis data MKD, and calculates the frequency Ph based

on the time betweenthe peaks, Since the frequency Fh js the fundamental frequency of the pulse
wave signal Vin, the pulse rate calculator 58 calculates the pulse rate HR, which is the sumber of

pulses per minute, using the follawing equation HR=6 OF h

11-12-2079 010
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[OO32}
Whenthe 8 / N ratio of the pulse wave signal Vmis sefficiently high, the pulse wave signal Vinis

simply shaped and converted into a rectangular wave without using frequency analysis, the

period of the rectangular wave is obtained, and the pulse rate HR Maybe displayed.

[0033]

The pulse rate HR calculated in this wayis displayed on the liquid crystal display device 13.

The pulseof the subject can be known in this way.

(0034)

(3) Details of Earth Terminals Returning to FIGS. 3 and 4, details of the carth terminals 140 and

14] for grounding shown in FIG. S will be described. A convex portion 130 is formed on the back
side surface of the back cover 12 of the housing 10. thatis, the surface facing the wrist surface
of the subject. The convex portion 130 has a truncated cone shape. andthe surface on the back.

sideis a flat surface 131. A pertion corresponding to the convex portion 130 is thickened, and a
housing concave portion into which the circuit board 101 is fitted ts formed on the frant surface

thereof. Two holes 132 having a circular cross section opening toward the housing recess are
formed in the thick portion.

[0035]

In addition, ea through holes 133 having a citenlar cross section are formed in the thick

portion, and the through holes 199 are coaxially connected to the holes 132, respectively, The

bady portions of the ground terminals 140 and 141 are inserted inte the through heles 133,
respectively.

(0036)
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Each of the grounding terminals 140 and 141 is made ofa conductor, and has a head portion

i42, a trunk portion 143, an engaging partion 144, and an end flange 145 as shownin FIG. Each
of these portions has a circular cross section. and ds canmected coaxially, The head 142 has a

dlameter larger than the diameter of the through hole 133, and the body 143 has a diameter

slightly smaller than the diameter of the through hole 133. A circumferential groove. 146 Is
formed at the center of the body portion 143, and a rubber waterproof packing 150 shownin

FIG. The waterproof packing 150 seals between the through hole 133 and the grounding

terminal, and preveris water fram. entering tie circuit board 101.

(0037)

‘The engaging portion 144 of each of the groundterminals 140 and 141 has.adiameter smaller
than the diameters of the end flange 145 and the trumk portion 143. A C-shapedring 141 made

ofa conductor shown in PIG. 3is fitted therem, The C-shaped ring 151 and the head 142 prevent
the grounding terminals 140 and 141 fromdropping from the through hole 133. However. since

the length of the body portion 143 Is longer than the length of the through hale 133, each of the

ground terminals 140 and 141 can slide through the through hole 133 along the axtal direction
thereof,

Further, conductor coil springs (biasing means) 152 are arranged in the holes 132 se as ta be

coaxial with the grounding terminals 140 and 141, respectively. Each spring 152 is compressed

inthe axial direction bythe circuit board 101 and the C-shaped ring 151. Therefore, the C-

shaped ring 151 and the grounding terminals 140 and 141 are always urged downwardin the

drawing by the reaction force generated by the spring 142. As shown in FIC. 3, the C-shapedring

i51contacts the bottorn surface of the hale 132 unless a force is applied to the srounding
terminals 140 and 141 from below.

[D039]

As is clear from the above, the spring 152 is always in contact with the circuit board 101. lithe
circuit board 101, both springs 152 are in contact with each other at the positions of the
conductor 108 a connected to the resistor 107 a shown in FIG. 3 and the conductor 108 b
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connected to the positive input terminal of the OP amplifier 106. Thereby, the grounding

terminal 140 is electrically connected to the conducting wire 1O8a through the corresponding C

shaped ring 151 and the spring 152, and the grounding terminal 141 is similarly electrically
connected ta the conducting wire LOSb.

19040)

Whenthe wristband 20 is wound areundthe wrist Wof the subject and the biological

information measuring device is fixed to the wrist Was shawn in FIG. 11, the graund terminals

i4O0 and 141 are always in contact with the skin surface of the wrist W. This is because the

grounding terminals 140 and 141 can move along the normal direction of the skin surface of the

wrist W and are blased toward the wrist W bythe spring 152. Due to the biasing force of the
spring 152, this contact state is maintained even ifa movement such as twisting the wrist Wis
performed, This measurement is particularly effective because there is a possibility of movement

af the subject in the measurement ata site where the muscle has developedlike the wrist. W.

[O04 1

Accordingly, the necessary portions (ihe conductive wires 1084 and 1OSb) arealways grounded.
For this reason, the influence of the floating capacitance hetween the place ta he grounded and

the body of the subject is always minimized, and the measurement accuracyis improved. In the

measurement site where the skin surface layer is thick like the wrist W, the fluctuation of the

reflected light is small and the level of the output signal of the photediade 105 is small.Nowever,

since the influence of the Hoating capaciianceis resluced in this way, the measurement accuracy
can be greatly improved.

(0042)

it is the spring 152 supported by the housing 10 that ensures this grounding. Accordingly, it is

nai necessaryto strongly tighten the wrist W with the wristband 20, and the range in which the
wrist W is pressedl is narrow. Por this reason, the feeling of pressure felt hy the subject is

minimized, andthe subject can withstand long-term measurement.

[O043}
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Further, the grounding terminals 14Q and 141 areattached ta the convex portion 130 of the
wrist W directed tothe wrist W, and the grounding terminals 140 and 141 are projected ta the

wrist W side from the convex portion 130. The adhesian between the ground terminals 140 and

idi and the skin surface of the subject is improved, and the measurement accuracyis further

improved. Similarly. sinee the transparent glass 14 is attached to the convex portion 130 and

the transparent glass 104 is protrudedta the wrist Wside from the convex portion 150, the

adhesion between the transparent glass. 104 anethe skin surface of the subject is improves. If is

possible to improve andreduce the influence of external light on the photodinde 103.

(0044)

Further, as shown in FIG. 11, the wrist Wside end surface of the ground terminals 140 and 141

and the wrist Wside end surface of thetransparent glass 104 are substantially the same when
pressed against the skin surface of the wrist W. The force of the spring 152 is set so asto lie on

the plane. For this reason, the pressure applied to the wrist W by the end surfaces of the sround

terminals 146 and 14] and the end surface of the transparent glass 104 is made uniforin,

Therefore, it is possible to recuce the fecling of pressure on the subject as compared with the

case where pressure is concentrated.

(0045)

Further, a flecessary portion ofthecircuit board 101 and the ground terminals 140 and 141 are
electrically connected by a conductor C-shaped! rine 151 attachedto the ground terminals 140

and 141 andaspring 152, In this way, by using the canductor spring 152 for connection, a

dedicated wiring can be eliminated. Thar is, since the number of parts can be reduced, the

manwiacturing cost can be reduced

{0046}

in the above emboriment, the conductive wire 108a of FIG. Sis connected to the grounding

terminal 140 and the conductive wire 1O8b is cannected to the grounding terminal 141. You

mary make if cannect.

[0047 Sener
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Secand Embodiment Next, a second embodiment accerding ta the present invention will be

described with reference to FIGS. Inaddition, the same code | symbolis attached | subjected to

the component in ist Embadinient, and the descriptionis abbreviate | omitted. Since the

schematic structure and pulse detection of the biological information measuring device of the

second embodiment are the same as thoseof the first embodiment, details of the ground terminal
will be described below.

(0048)

The back cover 12 of the housing 10is provided with a convex portion 130 similar to that of the
first embodiment, and a ring-shaped doop-shaped) ground terminal 160 is attached to the flat

surface 131. The grounding terminal 160 is disposed so as to surround the transparent glass
104.

(0049)

As shown in PIG. 13, the groursding terminal 160 is fixed to theflat surface 131 of the canvex

portion 130 at two locations (positions of the screws 165). Details of the attachmentare shown

in FEG. A through hale 162 having a circular cross sectian is formed in the convex portion 130,
and a cylindrical pin 103 made of a conductor is inserted into the through hole 162. Female

screws are formed at upper and lower ends of the inner peripheral surface of the pin 163.

Screws 164 whose body part penetrates the cireult hoard OT and screws 165 whose hodypart

penetrates the grounding terminal 160 are respectively screwed into these female screws.

[OOS50}

inthis way, the groundterminal 160 isfixed to the convex portion 130. Further, the screws 164

and 165 andthe pin 163 are made of a conductor, so that the circuit board 11 is electrically
connected to the grounding terminal 100. In the circuit board 101, the two screws 164 are fn

contact with éach other at the positions of the canductive wires 108 a and 108 b shown in FIG. 4,

11-12-2079 15
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whereby the conductive wires 108 a and 108 b are electrically connected ta the groundtermital
160.

[G05 1

Asshownin FIG. 12, the grounding terminal 160 and the transparent glass 104 protrude toward
the subject's wrist Wfrom the flat surface 131 of the convex portion 150, the wrist Wside end

surface ofthe grounding terminal 160, and thetransparent glass 104. The endsurface on the

wrist W side is located an substantially the sarne plane. Therefare, when the wristband 20 is

wound around the wrist Wofthe subject and the biological information measuring device is

fixed to the wrist W, the grounding terminal 1G0 contacts the skin surface of the wrist W.

Aceardingly, the necessary partions {conductive wires 108a and 1O8b) are praunded,

(0052 benened

As shownin FIG. 14, a circumferential groove is formed on the outer peripheryofthepin 163,
and a rubber waterproof packing 157is provided here. The waterproof packing 167 seals
between the through hole 162 and the grounding terminal, and prevents water from entering the
cireuit board TOY.

{O053}

in this embodiment, the endface of the grounding terminal 160 and the endface of the

transparent glass 104 are positioned on substantially the same plane, and the grounding

terminal 160 is arranged around the transparent glass 104 as a loop shape. The pressure applied

to the subject by the end face 160 andthe end face of the transparent glass 104 is mada

aniform. Therefore, it is possible ta reduce the feeling of pressure an the subject as compared

withthe case where presoure is canceritrated,

(0054)

Further, since the ground terminal 160 has a loop shape, the ground terminal 160 andthe wrist
Ware not separated even if there fs 4 relative movement between the wrist W and the hansing
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10. For this reason, the influence ofthe floating capacitarice between the place to be grounded

and the bodyof the subject is always minimized, and the measurement accuracy is Improved. In

the measurement site where the skin surface layer is thick like the wrist W, the Buctuation of the
reflected Hight is small and the level of the outputsignal ofthe photadiode 103 is small, However,

since the influence of the Noating capacitanceis reducedin this way, the measurement accuracy

can be greatly improved. Mareuver, in the measurement in the sife | part where the muscle

developed Hike the wrist W, since there exists a possibility of a tesr subject's exercise | movemant,

this advantage is especiallyeffective, Furthermore, since the laap-shaped groundingterminal

siuTounds the transparent body, the influence of external Hight on the measurement can be

prevented,

3. Inthe above-described embodiment, the buckle 26, the tongue 27and the small hale 28

are provided with the circumference adjusting mechanism. However, the cireumfererice adjusting
mechanismis not limRed to this example. For example, a Velcro tape. A buttonorthe like may be

used. For example, if a medical supparter belt made of a highly stretchable material is used, the

circumference adjustment mechanism may not be provided,

Various circuits other than the cireuit, Hustrated in FIG. S can be used as the pulse wave sensor

unit using the reflective optical senser. The present invention can be applied to the grounding of
various pulse wave sensor tonit circulls in.addition ta the groanding of the-circuit shawn in FN.

[O0S7)

The biological information measuring device of the above embodiment is a wristwatch type

wound around the wrist W. However, the present invention is not limited fo this, and the present

inventloti can also be applied to detection of other parts auch as fingers and ankles:

[0038}

The locations of the ground terminals 140, 141, 160 and the transparent glass 104 are not

limitedto those shown in the gure, arid miay be at other positions as longas contact with a
living bodyis possible.
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[O039}

As described above, according to thepresent Invention, the measurement accuracy can be
improved while minimizing the feeling of pressure applied to the Hving body.
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Patent Translate
Powersd by ESO and Gongie 

Notice
This translation is machine-generatedl.It carinot be guaranteed that it is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based an machine-translation output.

CLAIMS JP2004329406

i.

Electronic used to adhere to the patient? An optical medical sensor comprising at least onecable

for cannection to a monitor device, wherein the sensor bodyis capable of being attached to the

patient's body fromat least one ar more directions. Medical sensor.

cn

The medical sensor according to claim 1. wherein the cable is attached so. as to be swingable

about an attachment pasitian with respect to the sensor body,

3.

At least one LED and at feast onelight detector, the light detector being connected to-at least one

cable for connection to a monitor device, and at least one cable connected to the patient's body

medical sensor characterized by being attachable from the above directions.

4.

4. The medical sensor according to claim 3, wherein the cable is attached so as to be swingable

around an attachment position with respect to the sensor badly,

3

A pulse-type oxygen concentration sensor, conrprising ane ghtdetector and. at Jeast Qvo LEDs,

wherein the light detector and the LEDs are corinected to at least one cable for connection ta a

V-12-2019 4

812



813

morfitor device, A palse-type oxygen. concentration sensor, wherein a cable can he attached ta 4

patient's body from at least ane direction.

G.

6. The pulse type oxygen concentration sensor according to. claim 5, wherein the cable is

attached so as fo be swingahle around an attachment position with reapect fo thesensor body.

t.

7. The pulse-type oxygen concentration sensor according ta claim 5, wherein the sensor bady

can he attached ta a patient's body with an adhesive.

8.

8. The pulse-iype oxygen concentration sensor according to clairn 7, wherein the sensor body fs

campasedof two parts, one part having one photodetector and at least two LEDs, and the other
part having an adhesive part. A pulse-type oxygen concentration sensor characterized by being a

band-shaped member,

9.

The medical sensor according ta any ane of claims 1 to 4 or the cable ofthe pulse-type oxygeti
concentration sensor according te any one of clainis 5 fo & can be attached to an existing pulse-

type oxygen concentration sensor from at least two directions. An installation kit for a pulse-type
Ox¥een conentralion sensor.

1Q.

iO. The mounting kit for 4 pulse type oxygen concentration sensor according to claim 9, wherein

the cable is mourited so as to be swingable arotind a. maunting position with respect to the sensar

bady.

11.

4A pulse-type axygen concentration sensor capable of attaching the medical sensor according to
any ane of claims 1 to 4 or the pulse-type oxygenconcentration sensor according to any one of

claims 6 to $ toa detection unit of an existing pulse-type oxygen concertration sensor. Inthe

mounting kit, the sensor bady incluces a plurality of LEDs, a light detector, and a means for
attaching to the adhesive tape, and the means for attaching to the adhesive tape enables the

sensor badyto be attached from at least one direction. A mounting kit for a pulse-type oxygen
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concentration Serisor,

id.

iz. The pulse type oxygen cancentration sensor mounting kit aecerding to claim 11, wherein the

meansfor atiaching to the pressure sensitive adhesive tape also inchules a pressure sensitive

adhesive tape.

is.

is. The pulse oxygen concentration sensor mounting kit according to claim 11, wherein the

mounting means is for snap mounting.

14.

i2. The mounting kit for a pulse oxygen concentration sensor according to claim 11, wherein the

mounting means isa circular one for snap mounting.

13.

A pulse-type oxygen concentration sensor comprising a detector assembly including a light

emitter and a light receiver, and a disposable band assembly using an adhesive strip material,
wherein Heht emilied fromihe Hight eniliter is iransinitied through a patierit's budy. In the case
of receiving Hight bythe light receiver, the detector assembly connects at least a pair of housings,

a light emitting diode and a light receiving element individually housed in the pair of housings.
and the signal (ransmission between the pair of housings. A flexible cable Including a wiring for a

signal, and a flexible cable assembly including a wiring for ansmitting a signal to an external

device and attached ta one of the pair of housings. The band assembly has an adhesive surface

portion on at least a part of one surface side. Af least two studs project an the surface side, aach

stud has at least one permeable opening, and the stud has an annular projecting partion that

allows-the opening of the housing ta be fined and engaged witha snap. A pulse-type oxyeen

concentration sensor characterized by comprising.

16,

16. The pulse type oxygen concentration senser mounting kit according to claim 15, wherein a
mounting portion of the stud is rotated inside the housing.
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Patent Translate
Powersd by ESO and Gongie 

Notice
This translation is machine-generatedl.It carinot be guaranteed that it is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or

financial decisions, should not be based an machine-translation output.

DESCRIPTION JP2004329406

A pulse-type oxygen concentration sensor that is inexpensive to manufacture and easy to use. A

detector assembly 1 including a light emitter and a light receiver, and a disposable band

assembly 2 using an adhesive strip material. The detector assembly | includes a pair of hoods 3
and 4 serving as housings, light-emitting diodes and light-receiving elemerits individually housed

in the haads 3 and 4, exible cables 7 and cables for signal transmission between the hoads 3

and 4 and external devices. [f consists of an assembly 8. The hoods 3 and 4 have apenirigs to the

outside. The band assembly 2 includes an adhesive portion 9, a connecting tape portion 1G,.and
two studs 11, and each stud includes a hollow bady portion. The stud 11 has a projecting
annular portion £8 that snaps the hoods 3, 4. The mounting portion of the stud 10 is rotatable
inside the hoods 3 and 4. [Selection] Figure 1

Medical sensors, pulse oxygen concentration sensors, and kits for attaching thesesensors te the
patient's body

(0001) 1. Feld of the Invention {O602! The present invention relates to a medical sensor for

measuring a state of oxygen in blood hy being worn on a finger, a toe or thelike ofa patient's

hand, and more particularly, a pulse type oxygen concentration sensor. And a kit for attaching

these sensors to a patiert’s body. 2. Description of the Related Art In medical care, whether ina

hospital or outside a hospital, # is important to monitor the oxygen concentration ina patient's

bload. This is hecause when the oxygen concentrationin the bloadis low, the brain may be
damagedina short period of time, or death may occur. A pulse oximetry method is well known
as an oxygen concentration measurement method. This method is a noninvasive method for

measuring the oxygen saturation of arterial bload, which is an index of oxygen supply, and the
measurement sensor used is a detector assembly and an adhesive strip material thatis attached

toa patient’s finger or the like. The probe includes a cable assembly for connection fo a manior
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for monitoring ot the Hke. The detector assenibly and the probeinclude alight emitter and alight

receiver, The light emitter is composed of a ight emitting diade (LED) for both red light and

infrared light, for example, and the light receiver is composed of a light receiving element such as
a photodiode suitable for receiving light emitted fram the light emitter such as LED. Te do. Such

a probe is attached to the finger ortoe of the patient's hand, or to the foot if the patient is a

young person, etc, and the light emitted from: the light emitter emits the fingernail, artery, vessel,

or capillary of the patient. Set to irradiate tissue, bone, etc. The ight receiver is arranged onthe

opposite side of the light emitter so thatthe light emitted fromthe light emitter can detect the

light transmitted thrdugh the body tissue, The data obtained by such a pulse-type axgypen

concentration sensoris differential absorption data byarterial bleed of pve wavelengths oflight

emitted from the probe Wluminator, and the oxygen saturation can be determined by analyzing

this data. In other words, are two types of probe emitters turned on alternately? It is turried off

and red Jight and infrared light are alternately applied to the measurement site of the patient,

and the transmitted light is detected by the photoreceptor. Then, using the fact that the output

current of the photorecepter is proportional to the detected transmitted light intensity, the

intensity ratio of the red light and the red light fs calculated, and based anthis ratio, for example,

by empirically preset table data Determine the value of oxygen saturation inthe patient's binod.
[GD05] Although the use of such a pulse type oxygen concentration sensor has a clear advantage,

itis difficult ta Ox to a patient's body and stable detection datais stable if che fixed state is not

stable. It is difficult to remove, and it is troublesome to fixit when the position ofthe cable is

shifted when it is fixed to the pationt with a bandage ar the Tike.

in addition, fixing with a bandase etc. regulates the movement of the patient, and the LED ete.

generates heat, so if it is attached too firmly with a bandage etc.it can prevent the data quality
from deteriorating thie to the cable moving , Howill nat be-comfartable for the patient. Therefore,

there are both dangers and incenveniences especially for usein newborns. There is also. an

example offixing using a clip-shaped fig. bui it may cause pain te the patient. The cost is also
higher than that of general sensors, and a considerable nuniber is currently used. If the whole is

made disposable te preyent infection to athers, a very large amount of environmental waste is

generated, That's more than a cost. The present invention. salves the ahove-mentioned

conventional problems, and provides a medical sensor, a pulse-type oxygen concentration semser,

and a kit for attaching these sensors ta 4 patient’s body, which are inexpensive to manufacture

andeasy to use. With the goal. Means for Solving the Problems A medical sensor according to

claim 1 of the present invention is an electronic device used by adhering to a patient in arder te

achieve the above object. An aptical medical sensor comprising at least one cable for connection
to. a monitordevice, wherein the sensor body is capable of being attachedto the patient's body
fromat least ane or more directions. And According te the second aspect of the present
invention, in order to achieve the above object, inthe medical sensor according to the first

aspect, the cable is attached so as to be awingable around an attachment position with respect ta

the sensor bady, tis characterized by. According to the third aspect of the present invention, in
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order to achieve the above object, the apparatus has at least ore LED and at least one light

detector, and the light detector is used for connection to a moniter device. The cable is connected

to at least one cable, and the cable can be attached to the patient's bodyfromat least one
direction. According to a fourth aspect ofthe present invention, in order to achieve the above

object, in dhe medical sensor of the third aspect, the cable is attached so as to be swingable

aroundak attachment position with respect to the sensor body. it is characterized byin order to

achieve the aboveobject, The pulse-type oxygen concentration sensor according to clan 5 has

one phote detector and atleast two LEDs, and the phote detector and the LEDs are monitored, It

is characterized in that it is conmected ta at least ane cable tor connection to the body, and the

cable can be attached to the patient's body from at least.one direction,

in order to achinve the above object, according to the sixth aspect of the present invention, in the

pulse type oxygen concentration sensor according to the fifth aspect, the cable is attached so as
to be swingable around an attachment position with respect to the sensor body. If is
characterized by becoming. According to the seventh aspect of the present invention, in order to

achieve the aboveobject, in the pulse type oxygen concentration sensor accordingto the Aith or
sixth aspect, the sensor main body can be attached to a patient's body withan adhesive. Features.

in order to achieve the above abject, according io the eighth aspect of the present invention. in

the pulse type oxygen concentration sensor according to the seventh aspect, the sensor main
 bodyis composed of two parts, and one part is one light de

having a bodyand at least two LEDs, and the other part having an adhesive part. According to
ihe ninth aspect of the presentinvention, in order to achieve the abave abject, the cable afthe

ection. His a band-shaped member

rnedical sensor according ta any one of claims 1 ta 4 or the pulse type oxygen concentration

sensor according to any one of claims 5 to 8 is provided, Can be attached to an existing pulse
type oxygeri concerdtration sensor front at least.owe directions According to clainy 1Q. in order to

achieve the above object, in the pulse type oxygen concentration sensor mounting hit according

to claim &. the cable can be swung around a mounting position with respect to the sensar body. B

is characterized by being attachedto. In order to achieve the above object, the kit for mounting a

pulse oxygen concentration sensor according to claim 11 is the medical sensor according to any

one of claims I to 4 or the pulse according to any one of claims 5 to 8. In the pulse type oxygen

concentration sensar mounting kit that enables the oxygen type oxygen concentration sensorto

be attachedto the detection unit of an existing pulse type oxygen concentration sensor, the

sensor body has means for attachingto a plurality of LEDs, Hght detectors, and adhesive tape. In

adilition, the attachment means te the adhesive tape can attach the sensor body fromat least one

direction. According to the twelfth aspect of the present invention, in order to achieve the above

object, in the attachment kit for the pulse type oxygen concentration sensor according to the

eleventh aspect, the attachment means to the adhesive tape also includes the adhesive tape.

Features, According to the thirteenth aspect of the present invention, in order to achieve the

above object, in the pulse type oxygen concentration sensor mounting kit according to the

éleventh aspect, the mounting means is for snap mounting..
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According to the fourteenth aspect of the present invention, in order te achieve the above object,
in the attachment kit for the pulse type oxygen concentration sensor according to the eleventh

aspect, the attachment means is a circular ane for attaching a snap. And In order to achieve the

above object, a pulse type oxygen concentration serisor according io claim 15 comprises a
detector assembly including a light emitter andalight receiver, and a disposable band assembly

using an adhesive strip material. A pulse-type oxygen concentration serisor that transmits light
ermitied from the light endtter through a patient's body and receives the light by the light

receiver, The detector assembly inchides at least.a pair of housings and the palr of housings.

including a light-emitting diode and a light-receiving element individually haused, a flexible cable

that comects between thepair of housings and includes a signal transmission wiritig, and a

signal transmission wiring to an external device, A flexible cable assembly attachad to one ofthe

pair of honsings, wherein the housings are respectively canriected to the outside, The band
assembly has an adhesive surface portion onat least a part of one surface side, and has at least
nwo studs protruding from the other surface side, each stud having at least one permeable

apening, and the housing The opening can be detachably engaged with the stad. In order to
achieve the aboveobject, a pulse type oxygen concentration sensor according to claim 16 is the

pulse oxygen consentration sensor mounting ki according to claim15, wherein the mounting

portion ofthe stud is rotated inside the housing. It is characterized by becarning. DESCRIPTION
OF THE PREFERRED EMBODIMENTS Embodiments of the present invention will be described

below with reference to the drawings. In the following, one preferred embodiment of the present
javention Will be described, but other embodiments, applications, etc. of the present Invention
will be apparent to those skilled in the art. and the description thereof will be amitted. OF course,

the present invention is not limited to the ihustrated example. FIG, | is.an exploded perspective
view showing an embadirnent of a pulse type oxyeen concentration sensor according to the

present Invention. The pulse-type oxygen concentration sensor according to the present

embodiment includes a detector assembly | including a light emitter and a light receiver, and a

disposable band assembly 2 using an adhesive atrip material. and light emitted fromthe ght

emitter, is transmitted through the patient's body and received by the photoreceptor, Further, the

detector assembly 1 and the band assembly ¢ are made into a kit for attachment to a patient's

body.

The detector assembly | includes.a pair of hoods 3 and 4 serving as housings for housing

various components, and chassis 5 and & for housing light emitting diades and light receiving

elementsin the hoods 3 and 4. Spring clips 6 and 6 for fixing the chassis Sin the hoods 3 and 4

respectively, a flexible cable 7 for conmecting the hoads 3 and 4 and including a signal

transmissionwiring, and a control device (nat shown) And aflexible cable assembly § including a
wiring for signal transmission fo an external device such as a monitor and attached to one hood

3. The hoods.3 and 4 and the chassis 5 are farmed using a grade of ABS resin suitable for
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medical use. The band assembly ¢ has an ddhesive on the lower surface inthe Agure, andhas

rectangular island-shaped adhesive portions 9, 9 that can be attached ta a patient’s body, and a

narrower width than the adhesive portion 9 stretched between them. The connecting tape
portion £0 is composed of a pair of studs 11 ard 11 held between the upper surface ofthe

adhesive portion 9 and the lower surface of the connecting tape portion 10 and a release sheet

i2far protecting the lower surface of the adhesive portion 0. itis. For example, the pressure-

sensitive acthesive portion 9 bs formed using a preseure-sensitive presqure-senaitive adhesive type

translucent polyester or the Hike having a thickness of 0.013 mm. Or although the connection

tape part 10 is alse formed with the same material and is affised onthe upper surface of the

adhesion part 9, itis necessary to make the lower surface of the part betweenthe adhesionparts

Gand 9 have no adhesive. The connectian lape part 10 does not need to have translucency. The

stad b1 willbe described later. The release sheet 1] may be a known one, for example, a craft

tape coated with silicon. Of course, the release sheet 11 is peeled off during use to expose the

adhesive surface of the adhesive portion 9. 2 is 4 crass-sectional viewofthe detector assembly 1,
FIG. 3 is a planview (A) and a bottom view(8) of the hood 3, and PIG. 4 ts a planview{A} and a

bottom view(B}) of the hoad 4. PIG. 5 is a perspective view of the chassis 5. As shown in FIG. 3,

the hoad 3 constituting the detector assembly 1 has a substantially hemispherical hollowlight
receiving bady receiving portion 13 and a hellow cylindrical shape that holds the end portion 6 a

of the springclip 6. lt is comprised fromthe accommodating part 14, and the connection part 15

to the cable 7 extended so that an axis line mayintersect orthoganally with the clip end

accommodating part 14. As shown in FIG. As shown in PIG. ¢,a chassis 5 provided with a
photodetector 16 as a photoreceptor is molded, far exanmple, by molding, and the photodetector

19 js connectedto the cable 7, and a spring is provided ai the lowermost end. Aclip 6 is attached
te prevent thefall.

As shown in FIG. 3B,.an opening 17 for receiving light is provided on the lower surface of the

photoreceptor housing 14. The head 3 having the shape and structure as shawn in the figure is
easy to manufacture if for example, the upper part and the lower pert are formed separately and

banded together. Moreaver, since what Is suitable for a combination with the light-emitting bady

with which the food | hood 4 mentioned later is equipped is used. fora photareceptar, it is net

limited to a photodetector, As shownin PIG. 4, the other hood 4 has a substantially hemispherical

andhollowlight emitter housing portion 18, a clip end housing portion 19 similar to the hoad 3,

and the clip end housing portion 19 having an axis perpendicular to the hood 4. Thus, the

insertion partion 2D of the cable 7 extending to one side of the light emitter hausing portion 1S

and the cannection partion 21 to the cable assembly 8 extending to the opposite side are
configured. As shown in FIG. 2, the LED 22 as a light emitter is housed in the chassis § by
molding, for example, and connectedto the cable assembly 8, and the spring clip 6 is attached to

the lowermost end of the Nght emitter housing 18. There is a stop. As shown in FIG. 4B, an

opening 23 for emitting light is provided on the lower surface ofthe light emitter housing 18.

The cable 7 passes through the insertion portian 20 and passes thraugh the connection partion

V1-12-2019 8

819



820

#1, and is gatheredas apart of the cable assembly 8 outside the connection portion 21, Further,
as is well known in the field of pulse-type axygen concentration sensors, two types of LEDs 22

are used as the light emitter, but the light emitter is not limited to LEDs, and various types can be
usetl Further, the hood 4 can be manufactured easily by forming, for example, the upper part

and the lower part separately and bonding them together. The chassis 5 includes a top 24 far
mounting on the hoads 3 and 4, a halbcracked body 25 connected to the lower side thereof, and

a flange 27 having an opening 26 in the center. A groove28 having a semicircular cross section

for maunting the cable 7 or the cable assembly § is formed in the top 24. The chagsis 6 is

attached to the hoods 3 and 4 in such a manner that the body portion 25 is mounted on the

Opposite side of the clip end storage portions 14 and 19, and the end portion 6a of the cp 6

mounted in the body partion 25 is clipped. it dees net Interfere with the mounting in the end

storage portions 14 and 19. When the hoods 3 and 4 are attached, the apenings 16 and 24 of

the hoods 3 and4 and the opening 26 are aligned with each other, that is, the light emitted from

the LED 22 passes framthe apening 16 to the outside throughthe apening26.In this state, the

light entering the opening 16 can reach the photodetector 16 through the opening 26.

Needless to say, if at least the inner wail surface exposed to the light of the hood 4 and the

chassis 5 attached to the hoad 4 has a surface property in which light is not diffusely reflected,

thelight receiving property is improved. MG. 6 is an enlarged sectional view of the stud 11
attached to the band assembly 2. The stud 11 has a hollowcylindrical body portion 30 provided

with a projecting annular portion 29 for snapping the chassis 6 on the top, and a flange forfixing
between the adhesive portion 9 and the connecting tape portion 1. Part 31. The cuier diameter
of the projecting annular portion 29 is slightly larger than the diameter of the opening 26 of the

chassis 5, FIG, 7 is an enlarged cross-sectional view when the chassis 5 is fitted ta the stad 11
with the band assembly 2 attached to a patient's finger or the like. As can be seen fronr this

figure, in order to attach the hoods 3 and 4 to the stud 11, the opening 26.of the chassis 5 is

applied to the fap ofthe trunk portion SO of the stud 11 andlightly applied to the hoods 3 ard 4
from the upper surface side. 5 so that the edve of the opening 26 gets over the protruding

amular portion 29 sa-called snapping. After snapping, the state shawn in FIG. 7B is obtained,

and the projecting annular portion 29 enters the inside of the chassis 5 having a larger diameter,

{twill be in the state whichcan rotate comparatively freely around. The removal may be

performedalter the band assembly2 is peeled off fram the patient's finger 32 or the like.

However, the edge of the opening 26 of the chassis S maybe opposite to the protrucing annular

portion 29 before or after the band assembly 2 is peeled off. In addition, it is only necessary te

apply a litde farce te the hoods 3 and 4.so. as te get over the protruding annular partion 29 in a
clrection away fram the stud 11. PIG. Sis an enlarged perspective view ofa state in which the

band assembly 2 is attached ta the patient's finger SZ, the chassis 5 is fitted te the stud 11, and

the hoads 3 and4 are attached. For example, if the patient moves the Nnger 32 and changes its
orientation afler being attached to the finger 32 as shownin FIG. 7A, the orientation ofthe cable

assembly 8 is restricted to same extent by connection with amanitor device(not shawn). It daes
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not move too much, and the relative position with the finger 32 changes. When such 4 situation

occurs In the conventional structure; the cable assembly § interferes with the positionholding of

the hoods 3 and 4 and the hoads 3 and 4 are detached from the patient's body. Further, the
hoods 3and 4 and the photo detector 16 and the LED 22 mounted on the hoods 3 and 4 rotate
around the axis.ofthe stud 11 so that stable measurement can be continued.

in the figure, 33 is a fingernail. Further, the measurement content is the same as thatof a

conventionally known example, and.thus the description thereof is omitted. Although the

embodiment described above relates to a pulse-type oxygenconcentration sensor, the present

invention can also be used as another medical sensor and a ki for attaching this senser ie a

patient’s bady. This is clear from the above explanation, In the llustrated embodiment, the

attachment of the cable 7 and the cable assembly 8 to the hoods3 and 4 is a fixed attachment

called a fix, However, for example, a universal joim-Hke attachment formcan be adopted. The
interference to the hoods 3 and 4 due to the movement of the cable can be further reduced than

the form. The nexiical sensor, pulse-type oxygen concentration sensor, and kit for attaching these

sensars to the patient's body according to the present invention are as described above. Even if
the bodyis moved, the wearing state can be accurately maintained without heing affected by the

interference of the cable, Since the cable can be mounted away fram the patient's skin, the heat

of the LED and cable veill not be transmitted directly to the skin, and it will be possible to prevent
accidents such as burns to the patient. Becauseit can be molded, it can be waterproofed and
vibration-proof, and it enables accurate moniioring of blood axygen concentration, and only

adhesive parts that are not so expensive. Since i can be made disposable andthe high-cost part
ean be used any numberof tines, even ifthe cost of a single sensor increases, the tatal cost when

considering the total usage is sufficiently reduced . BRIEF DESCRIPTION OF THE DRAWINGSFIG,
i is an-exploded perspective view showing an embodiment of a pulse oxygen concentration

sensor according to the present invention. FIG. 2 is a cross-sectional view of a detector assembly.

FIG. 3 isa plan view (A) and a bottom view(8) of one hood. FIG. 4 is a plan view(A) and a bottam
yiew (B} of the other hood. FIG. § is a perspective view of a chassis. FIO. 6 is an enlarged crass-

sectional view of the stud attached to the band assembly. FIG, 7 is an enlarged cross-sectional

view when. achassis is fitted to a-stud. FIG. 8 is an enlarged perspective view of 4 state where a

band assembly is attached to a patient's finger, a chassis is fitted to a stud, and a hood is
atached,

[Explanation of Symbols! 1 Detector assembly 2 Band assembly 3, 4 Hoad 5 Chassis 6 Spring clip
Ga End of spring clip 7 Cable 8 Cable assembly 9 Adhesive section 10 Connecting tape section
iT Stud 12 Release sheet 13 Photoreceptor starage section 14 Clip end storage portion 15

Connection partion 16 Photo detector 17 Opening partion 18 Light emitter storage portion 19
Clip end storage portion 20 tasertion portion 21 Connection portion 2¢ LED 23 Opening portion

24. Tap partion 25 Body portion 26 Opening 27 Flange portion 28 Groove 29 Projection shape
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Antiular part 30 Body part 31 Flange part 32 Patient's finger 33 Patient's fingernail
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PROSLEM TO BE SOLVED: Te orfovie aGiniogiaal information measuring deviccapable of imoroving adhesion and being
sutonfora iong period of oe without ar

 

unpleasantfreling. SChail SOND Thehiniogical information measurinyy device 4o

coMmprisas: a main body os> a praisction
nart 4 formed hy being projected from the
iawer sutace ga ofthe main body 2) 8
fixing means 3 for mounting ihe main
body 2 on an armin the stats of turning
ihe inwer surface Za of he main body < fo
a iving bacy surface site) a iving body

sensor part & provicied with @ fehl amting gart 5 for emWing ght foward a ving badlyinthe slate of berg in contacl whha lwing body surface, 2 fi gat receiving part gtor
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Sand generating iological ivfermation signals corresponding fo a received Hgnt

Quanily and 8 conmlact detection mean1SF?i WOE selecting whether or not ihe ight emitting
Bed

oar 5 and the light receiving part 6 are In contact with the Bving bady surface: and a
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biciogical Information detection part provicied in the main badly 2 for detecting Dlolodicalinfornnation eas= bagis ofthe ological information signals. The living body sengar
gart 6 providesthe Biological information measuring device. 1 thalis arrany1 an heinwer surface aof the oroiection part 4.COPYRIGNT: (Cy200sAJPONCEP 
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CLAIMS JP2005270543

i.

A main body, a protruding pertion formedta protrude framthe lower surface of the main bady, a

Hxing meansfor mounting the main beady on an arm with the lower surface of the main body

facing the biological surface, and aliving body in contact with the biological surface A light
emitting unit that emits light toward the Heht, a light receiving unit that receives reflected light
from the living bady and generates a biological information signal according to the amount of

received light among thelight emitted by the light emitting unil, and a light A biological sensor
unit having contact detecting means for detecting whether ar not the light emitting unit and the

light receiving unit are in contact with the surface of the bielegical body, and biological
information provided in the main body and detecting bielogical information based on the

biological information signal A biological information measuring device, wherein the biological
sensor nit is disposed ona lower surface of the protruding portian,

om

2. The biological information measuring apparatus according to clainy 1, wherein at least one

pratrusionis formed an the lower surface af the main body sa as io protrude fromthe lower

surface of the main body at a predetermined distance froma side surface of the protrusion. A

distance betweenthe lower surface of the ridge and the lower surface of the main body is set to

be equal to or greater than the distance between the lower surface of the protruding portion and
the lower surface of the main body. A biological information measuring device as a feature:

3.

The biological information measuring apparatus according to claim J or, wherein the contact
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detection means includes at least a pair of electrodes, and the light emitting unit and the Hghi
receiving unit are based on a potential difference between the pair af electrodes. A hiclogical

informatidn measuring device for detecting whether or nat the surface of a biclagical body is
touched.

4.

The biological information measuring apparatus according to claim 3, wherein the pair of
électrodes.are arrangedso as to sandwich. the Heht emitting unit and the light recefving unit
therebetween.

2.

5. The biological Information measuring apparatus according ta claim 1, further comprising: a

flexible substrate that electrically connects the light emitting anit and the light receiving unit to
the biological information detecting unit. The biological information measuring apparatus

accordingto claim 1, wherein the substrate is provided in the main body so as to press the ight
emitting unit and the light receiving unit toward the lower surface side of the main badlyby its

elasticity.

6.

The biclogical information measuring apparatus according to claim1, further conrprising a
display unit that displays detected biclogical information on an upper surface of the main body.

7.

‘The biclogical information measuring apparatus according to anyone of claims. 1 to 6, wherein
the fixing means includes a first band and a second band that are attached to an armwith a

proximal end attached to the main body, The biclogical infarmation measuring device, wherein

the first hand and the second band are arranged so. asto face each other with the main hody

interposed therebetween, and are formed of a stretchable elastic material,

8.

The biological information measuring apparatus according to claim 7, wherein the biological
serisor unit is arranged at-a position shifted from a center position of the main bady tewarda
proximal end side of thefirst band or the secand band. A biclogical information measuring device
as a Teature.
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9.

The biological information measuring apparatus according to any one of claims 1 ta 8, wherein

the main bodyincludes a rechargeable battery that can be charged and a@ charging tmit that
charges the rechargeable battery with electric power. Biclagical information measuring device.

10,

The biological information measuring device accarding to ary one of claims 1 to 9, wherein a

distance between a lower surface of the pratrucing portion and a lower surface afthe main hody

is sef to 20 4 mm, apparahis,

11.

The biological information measuring device accarding to any one of claims 1 to 10, wherein the

protruding portion is formed so that an outer periphery thereof is circular.

2.

The biological information measuring apparatus according to claim 11, wherein the protruding

partion is formed such that an outer edge is acurved surface,

13,

The biological information measuring apparatus according to claim11, wherein the protruding

partion is formed to be a curved surface from the center of the lower surface toward the outer

edge.

14.

The biological information measuring device accarding to ary one of claims 11 te 13, wherein a

diameter of the projecting portion is set to 20 mmarless.

fd,

Thebiological information measuring device according to any one of claims 2 to 14, wherein the

protruding portion is provided at 4 position spaced 8 mmfromma side surface af the protruding
partion, and the lower surface of the protruding portion and the mainbody. A biological

information measuring device characterized in that the distance to the lower surface{s set to 4
THT
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DESCRIPTION JP2005270543

PROBLEM TO BE SOLVED To perform wearing for a lang time without feeling uncomfortable

portion (4) projecting from a lower surface (2a) of the main body(2), and a Nxing means @) for
attaching the main bedy(2) to an arm with the lowersurface (2a) of the main body (2) facing the

living body surface. And alight emifting unit 5 that emits light taward the diving bodyin contact

with the surface ofthe living body, and aliving bodythat receives reflected light fromtheliving
bodyarnong thelight emitted by the light emitting unit 5 and that corresponds to the amount of
light received Provided in the main body 2, a biological sensor unit 8 having a light receiving unit

6 that generates an information signal, and a contact detection unit 7 that detects whetherthe
light emitting unit 5 and the light receiving unit § are in contact with the binlogical surface. And

a biological information detection unit that detects bialagical information based. on the biological
information signal, and the biological sensor unit 8 proviries the biological information

measuring device 1 dispased on the lower surface 4a of the protruding portion 4. [Selection]
Figure S

Biological information measuring device

{O00 1)
Thepresent invention relates to a biological informeatian measuring apparatus capable of

measuring hielagical information sach as a pulse rate while being worn ona wrist (arm),

(0002)
Dus.to the recentincrease in interest in health management, various biclogical information

theasuring devices capable of measuring various biological information such as pulserate while
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being wort on the wrist (atm) or tie like have been provided (lor example, Patent Doctunert 1).
reference}

[G003)

Among this type of biological information measuring device, for example, a device that detects a

pulse rate irradiates. light. toward a living body while being wern on a wrist, and reflects Heht

from a blood vessel by a pulse serser or the like, thatis, reflected light A signal is received. a

pulse signal corresponding to a pulse is extracted fram the reflected signal, anda pulse rate is
calculated.

Particularly, since the pulse rate can be easily measured while wearing on the wrist, it is easily
used by the user.

JP 2001-78973. A (paragraph numbers 0011-0031, FIG, 1 ta FIG. 7}

(6004)

The above-described conventional biclogical infarmation measuring apparatus is generally used
by being worn of: the wrist) However, depending on the movement of the user, he muscle moves

and the thickness (diameter) of the wrist changes, which may cause a gap between the biological

information measuring device and the biological surface. For this reason, there is a possibility

that the adhesiveness is lowered andaccurate biological information cannot be detected. Further,

inorder to securely fix the biological infurmation measuring device to the wrist, for example,

when it is tightened with a band, a feeling of pressure on the wrist increases andit is difficult to

perform wearing for a long time.

{0005}

The present invention has been made in viewof such circtunstances, and an object of the present

inventionis to provide a biological information measuring device that can be wornfor a long
time without feeling uncomfortable whileimproving adhesian, Thatis.

[OOd6}
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‘The present invention provides the following mears in arder to solve the above prohleans.

[0007]

‘The biological information measuring deviceof the present invention includes a main body, a

pratruding portion formed tu protrude from the lower surface of the main body, and a fixing
means for attaching the main bodyto the arm with the lower surface of the main hodly facing the

biological surface side, A light emitting unit that emits ight toward the living bodyin cantact

with the surface of the living body, and a lving bady information signal that receives reflected

Heht from the ving body amang the light irradiated by the light emitting unit.and that

corresponds to the amount of light received A living body sensor section having a light receiving

section for generating a light, a contact detecting means for detecting whether the light enutting

section and the light receiving sectionare in contact with the surface of the living body, and the

bady information signal. And a bialagical information detection unit that detects biclogical
information based on the biclogical sensor unit, wherein the bielogical sensor unit is disposed on

a lower surface of the protruding portion.

(0008)

In the biclagical information measuring apparatus according to the present invention, the fixing
means irradiaies ight fromthe light emitting unit toward the living body after the bodyis
mounted on the wrist (arm).

A part of the irradiated light is absorbed by, for example, hemoglobin in the blond vessel, and a

part of the other ight is reflected bythe living tissue.

The light receiving unit receives the reflected Haht and generates a biological informationsignal

such as a pulse signal corresponding to the ammeunt of received light.

Then, the biclogical information detection means can perform predetermined processing on the

biological information signal to detect biglogical information such as the pulse rate. In addition, it
is possible to detect whether ar nat the light emitting unit and the light receiving unit are reliably
in contact with the living body surface by the contact detection means.

[O0G9]
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In particular, when the main bodyis atlached to the wrist by the fixing means, since the
protruding portion protrudes from: the lower surface of the main body, the living body surface

and the lower surface of the protruding portion are easily brought into contact with each other.
That is, the adhesion afthe biosensor unit is improved. Therefore, if is not necessary to fix the

main body sa that Rls strongly pressecl against the surface of the living body (fo be pressed) by

the fixing means. Therefore, even if i€ is worn for a long time, there is no ciscomfart. Moreover.

since the adhesiveness of the biosensor unit. is improved, the light emitting. unit and the light

receiving unit canefficientlyirradiate andreceive light. Therefore. it is possible to detect

binlogical information with high accuracy.

{OO 10}

Further, the biological infermation measuring apparatus according to the present invention fs the
biological information measuring apparatus according to the present invention, whereinthe rain

body is located at a position spaced at least a predetermineddistance fromthe side surface of the
protruding portion while sandwiching at least the protruding partion on the lower surface of the

tain bady. Anda distance between the lower surface of the protrusion and the lower surface of

the mainbodyis the same as or the distance between the lower surface of the protrusion and the

jower surface of the main body. The above distarwe isset.

in the biological information measuring apparatus. according to the present invention, whenthe

main body is attachedto the arm bythe fixing means, the biclogical surface is in contact withthe

lower surface of the protruding partion and the lower surface of the protruding portion.

At this time, since the protruding portion protrudes at a predetermined distance from the side

surface of the protruding portion while sandwiching the protruding portion, there is a gap

between the protruding portion and the pratrucing portion. Yes. Thereby, the living bady comes

inte contact with the lower surface of the protruding portion and the protruding strip portion in

a state where the living body ance enters the gap on both sides sandwiching the protruding
portion, Therefore, the adhesion between the living body surface and the lving body sensor unit

can be ensured more reliably.

[O02]
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In particular, since the protruding portion protrudes fram the lower surface of the main bady by
the same height or higher than the protruding portion, the protruding portion contacts the lying

bodysurfaceat the same height as or earlier than the protruding portien. Further, the ridge

portion cantacts the Hving bady surface outside the protruding portion. Thereby, the living body

surface can be stably brought inte contact with the lower surface of the protruding portian in the

same state, and the contact pressure can be made constant. Therefore, it is possible te detect
biological information stably for a long tinie.

lOO13)

The biological information measuring apparatus according to the present invention is the

biclogical information measuring apparatus accarding to the present Invention, wherein the
contact detecting means has at least a pair of electrodes, and the light emission based on a

potemial difference between the pair of electrodes. lt is detected whether the part and the light

receiving part are in contact with the surface of the living bady.

[OO14)

in the biological information measuring appardius according ta the present invention, whenthe
rain bodyis attached ta the arm, the pair of electrades come into contact with the surface of the

living body, and discharge is performed through the surlace of the living body.

Thereby, the electric potential between electrades decreases. By detecting the potential
difference between the pair of electrodes, ft can be easily and reliably detected whether or sot

the light emitting unit and the Hght receiving unit are reliably in contact with the surface of the

ining body. Note that the electrodes do not havete be a pair, For example, a pluralityof

electrodes may be provided. and whether or net they are in contact may be detected basedona
poteriial difference between these electrodes.

{0015}
Moreover, the biological informationmeasuring device according tt the present inventionis

characterized in that, in the biclogical information measuring device according to the present

invention, the pair of electrodes are arranged so as to sandwichthe light emitting unit and the
light receiving unit therebetween. [ft is what.
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[OO 16)

in the biological information measuring apparatus accarding to the present inverition, the pair of
electrodes are arranged so as ta sandwich the Heht eniitting unit and thelight receiving unit

therebetween, so that the light emitting unit and thelight receiving unit contact the surface of

the living body with high accuracy. It is possible ta defect whether or not

jOOLT)
Moreover, the biological information measuring device according to the present invention

electrically connects the light emitting unit, the light receivingunit, and the binlogical

information detecting unit in any one of the biological information measuring devices of the

present invention. A flexible substrate is provided, and the flexible substrate is provided in the

main bodyso as to press the light emitting portion and the light receiving portion toward the
lowersurface side of the main bodybyits ownelasticity. It is.

[OO1S8)

in the biclogical information measuring apparatus according to the present invention, since the
light emitting unit and the light receiving unit are always pressed against the lower surface side
of the main body due to the elasticity of the flexible substrate, when the main body is attachedto

the wrist, The light receiving part isin a state of being close to the surface of the living body.

Therefore, it is possible to more efficiently irradiate and receive light with respect to the living
body, and improve detection accuracyof living body information.

[OG 19}

Moreover, the biological information measuring device according to the present inventionis

characterized in that, in any ane of the biclogical infarmation measuring devices according to the

present invetition, a display unit for displaying detected biclugical information is provided on the
upper surface of the main body. To de.

(0620)

In the biological information measuring apparatus according to the present invention, since the
biological information displayed on the display unit can be easily visually confirmed, the detected

biological Information can be confirmed whenever necessary, or the biological information is
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correctly detected, His easy to use and simple.

[O02 1

Further, thebiclogical information measuring apparatus according to the present invention is the

biological information measuring apparatus according io any one of the presertt invention
described abave, wherein the fixing means includes atiret bandthat is attached to the armand

has a proximal end attached to the main body. A second band is provided. and the first band and

the secand band are arranged so as to face each other with the main bady interposed
therebetween, and are forrnedof a stretchable elastic material. is there.

in the biolagical information measuring apparatus accordinp to the present invention, the main

body can be easily and reliably attached to the wrist ke a wristwatch by the first handarid the
second bard.

in particular, since both bands are made of clastic material that can be stretched, ever Wfthe

thickness of the wrist changes slightly dae to muscle movement, the amount of change can be

absorbed. Can be preverited.

Therefore, it is nol necessary to tighten both barels, and long-time wearing is possible.

[DOZS}

Moreover, the biological infarmation measuring device according to the present inventianis the

biological information measuring device according to any one of the present invention described

above wherein the biological sensor uniftis connected to the first band or the second band from

the center pasitien of the main bady, lt is arranged at 4 pasition shifted ta the base endside.

(0024)
in the biological information measuring apparatus accordingto the present invention, when. the
main body is attached to the wrist like a wristwatch bythe first band and the second band, there

is some play between the wrist and the main bady due to this play. Shifted due ta gravity Gor
example, when the armis shifted dowsward (groundside}, or when the upper surface of the

main bodyis held in fron of the eyes with the back of the hand inside and the arm horlzontal} In
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this case, the blusensor unit is disposedai a pasitionshifted Tram the center pasition of the main
bary to the base endside of the first band or the second band, se that the adhesion of the

biosensor unit is reduced, Can be prevented,

[0025]
Moreover, the biological information measuring device according to the present invention is the

biological information measuring device according te any one of the present invention, wherein

the main body includes a rechargeable batlery that can be charged, and a charging unit that

charges the recharpeable battery with electric pawer, It is characterized by that.

[ONZ6)

in the biolagical information measuring apparatus accordinp to the present invention, since the

external battery can be charged with the rechargeable battery via the charging means, it is not
necessary to prepare @ normal battery or the Hke separately.

Therefore, the cost for Imaintalwnge the praduct- can be reducer,

(0027)

in the biological information measuring device according to the present invention, in-any one of
the biological information measuring devices according to the present invention, a distance

between the lower surface of the protruding portion and the lower surface of the mainbody is
set to 2 to 4mm. itis characterized by.

[0028]

In the biological information measuring apparatus according ta the present invention, the

orotrusion is attached to. the wrist with the lower surface of the protrusion pretruding from the

lower surface of the main body by 2 to 4 mm.

Thereby, a protrusion part can be made to contact a biological bodysurface reliably, and the
adhesiveness of a biosensor part canbe ensured.
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That is, when the distance between the lower surface of the protrusion and the lowersurface of

the main body is 2 mm or less, there are few steps and a pap is formed between the living body
surface and external light is lkely to enter.

In addition, when the distance between the lower surface of the protruding portion. and the lower

surface of the main body is 4 mmor more, a feeling of pressure is generated between the
attachments and there is a height, so thai the state becomes unstable. Tt becarmes Gasy for outside

Heht te enter between.

{0029}

As described above, by making the distance between the lower surface of the protruding portion
and the lower surface of the main body 2 to 4 mim, itis possible to prevert a feeling of pressure

and the incidence of external light.

10030)

Moreover, the bielogical information measuring device according to the present inventionis
characterized in that, in arry one of the biological information measuring devices according tu the

present Invention, the prajecting portion is formed so as to have acircular outer periphery...

l0O31)

In the biclagical information measuring apparatus according ta the present invention, since the
protruding portion is circular, when the main bodyis attached to the wrist, itis pushed into the

surface ofthe biological body with an equal farce.

‘Therefore, the adhesion is good.

(0032)
Moreover, the biological infarmnation measuring device according to the present Javentionis

characterized in that, in any ane of the biclogical information measuring devices according to the

presentinvention, the protruding portionis formed suchthat an outer edge is a curvedsurface. .
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ln the biological information measuring apparatus according to the present Invention, since the

outer edge af the projecting portion is formed ina curved surface, the adhesion can be further

improved when the main bodyis attached ta the wrist.

Moreover, even ifit is worn for a leng time, ibis easy to wear because dt is dificult to havea

compression mark,

(0034)

The biological information measuring apparatus according te the present inventionis

characterized in that, in the biological information measuring apparabis according to the present

invention, the projecting portion is farmed to be a curved surface from the renter of the lower

surface toward the outer edge. It is.

[OO3S5}

in the biological information measuririg apparatus according to the present invention, since the
curved surfaceis farmed fren the center af the lower surface of the projecting portion taward

the outer edge, the biological surface is smoothly deformed when the body is attached to the

wrist, and-the center of the lower surface fis mounted in-a State where the contact pressure af

the part is increased. andthe adhesion canbe further improved,

Moreover, even iit is worn for a long ime,it is easy to wear because fl is difficult to have a

compression mark.

{0036}
Moreover, the biological information measuring device according to the present inventionis

characterized in that, in any one of the biological information measuring devices according to the

present Invention, a diameter of the protruding portion is.set to 20 nim or less,

(0037)
In the biological information measuring device according to the present invention, since the
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diameter af the protrusion is 20 num or less, Che protrusion can -beeasily pressedagainst the

surface of the living bady with alight force.

[G038)

Moreover, the biological information measuring device according to the present invention is the

biological Information measuving device according to any one of the present invention described

above, wherein the protruding portionis provided at a position spaced 8 minfrom the side

surface of the protrucing portion. The distance between the lower surface of the part and the

lower surface of the main bodyis set fo 4 mm.

(0039)

in the biolagical information measuring apparatus accordinp to the present invention, the ridge

portion can be formed in the vicinity of B mm fromthe side surface of the protruding portion,
and cart be suppressed to a height of 4 mm.

As described above, since the ridges can be formed in a small space, the main body can be

downsized, that is, the entire apparatus can be downsized.

(0040)

According to the biological information measuring apparatus of the present invention, when the
main body is attachedto the wrist by the fixing means, the protruding portion protrudes fram

the lower surface of the main body, sa that the living body surface and the lower surface of the

protruding portion are reliably in contact with each other. The adhesion ofthe biosensorunit is

improved.

Therefore, it is not necessary to fix the main bodyso as to strongly press (squeeze) the bedy

against the surface afthe living body as in the prior art.

Therefore, even if itis worn for along time, there is no discomfart.
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Moreover, since the adhesiveness of the biosensor unit is Improved, light irradiation and light
reception can be performed efficiently, and biometric information can be detected with high

ACCHPACY.

[004.1]
Hereinafter, an embodiment of a biological informatian measuring apparatus according to the

present invention will be described with reference ta FIGS,

[O042)

As shown in FIGS. 1 to 7, the biological information measuring apparatus L according to the

present embodiment Is a wristwatch type and detects a pulse rate which is biological information
ina state of being worn on a wrist (arm) A.

(0043)

The biological information measuring apparatus J includes a housing (main body) 2 containmg
various clectric parts and electronic parts, and fixing means for attaching the housing 2to the
wrist A with the lower surface 2a of the housing 2 facing the biolagical surface B side. 3 is

providest,

Further, the lowersurface 2a of the housing 24s formed with a protruding portion 4 protruding
from the lower surface Za.

(0044)

An LED (ight Emitting Diode) 5 that irradiates ight toward the living hody while being in

contact with the surface B of the living body, and thelight emitted by the LED S Whether PD

(Phaiodetector) (ight receiving unit) 6 that receives reflected light fromthe living bedy and
gererates a pulse signal (biological information signal corresponding to the arnount oflight

received and LED 5 and PDO are in contact with living bedy surface B A biosensor unit 8 having

a contact detection means 7 for detecting the above is disposed.

{0045}
in the housing 2, a data processing unit (biological information detection unit) 9 that detects the

pulse rate based on the generated pulse signal is provided.
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[O046)

The housing 2 is made of a metal material such as plastic ar aluminam, and has a predetermined

thickness, for example, a substantially rectangular shape when viewed fromabove.

A.cover glass 10 having a substantially square shapeis fitted In a. central portionof the wpper

surface 2b of the housing 2, and a display unit 11 fordisplaying the detected pulse rate and

other various information is provided inside the cover glass 10. [tis arranged.

(0047)

Further, as shown in FIGS. 6 and 7. a main board 12 is provided in the housing 2, and the data

processing unit 9, the display unit 11, the rechargeable battery 13, The memory 14 for recording
the pulse rate, the sub-board 15 and athervarious electronic cormponents are electrically

connected by mounting or wiring.

(0048)

The data pracessing unit 9 includes an IC component such as a CPU, and after the pulse signal
generated by the PD 6 is once amplified by an arnplifler or thelike, a predetermined process

such as a fast Fourier transform process (FFT process) is perfermed.It has a function of detecting
the pulse rate by analyzing the processing result.

The data processing unit 9 records the detected pulse rate in the memory 14 and displays ton

the display unit 71 based on input from cach button 20 described later.

Further, the data processing unit 9 has a function of camprehensively controlling other

COMPONENTS.

(0049)
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