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JP2007319232 (A)

{Machine translated text)
Title: Biological information Measurement Apparatus

Abstract: PROBLEM TO BE SOLWVED: 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 sensor is arranged within the sensor window.

Description:

Provided is a biclogical 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 puise
wave sensor and a skin, The present invention relates to a wristwatch-type
biological information measuring apparatus 10 that measures a puise wave by
attaching a casing 100 to a user's wrist, and the bottom surface of the casing 100
has a concave shape. The sensor window 11 is provided in a part of the concave
surface of the lower surface so as to protrude from the peripheral portion, and the
pulse wave sensor is installed inside the sensor window. .The

biological information measuring device

[0001] The present invention relates to a 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 bioclogical 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
transiucent plate on the surface of the pulse wave sensor has been devised
(Japanese Patent No. 3722203). -Patent Document 1).

[0003] On the other hand, conventionally, it is said that the palm part is more
sensitive to pulse wave measurement than the wrist part, and the pulse wave
sensor part is attached to a finger or the like, and is connected to a body attached in
a wristwatch shape with a cable or the like. An information measuring device is 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 bioclogical information measuring device,
when the pulse wave is measured with the wrist by the pulse wave sensor arranged
on the back side of the body housing, the pulse wave sensor is not used because
the shape of the human wrist is not flat. There is a problem that it is difficult to
stabilize the contact state between the skin and the wrist.

[0005] Further, in a biological information measuring apparatus that performs
measurement with a human palm for improving accuracy, a connector pin of a
cable that transmits a measurement signal from a pulse wave sensor is inserted
into a pin jack on the main body side. There has been a problem that the shape of
the biological information measuring device becomes thick due to the thickness of
the connector.

[0006] Furthermore, pulse wave measurement with the wrist and pulse wave
measurement with the palm have different preference or measurement
characteristics depending on the user, and if only one of them can be used, the user
is dissatisfied or the measurement accuracy cannot be ensured. There was a
probiem that was inevitable.

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

[0007]1 The present invention has been made in view of the problems of the prior art
described above, in the shape to fit the wrist of the user It is an object of the present
invention to provide a biological information measuring apparatus that can be
stably mounted, can reliably contact the pulse wave sensor and the skin of the
apparatus mounting site, and can accurately measure biological information.

[0008] Another object of the present invention is to provide a biological information
measuring apparatus having a thin shape and good wearability.

[0009] The present invention can further cope with a user who is dissatisfied with
either wrist measurement or finger measurement by adopting a structure capable
of easily switching between wrist measurement and palm measurement of the
pulse wave. It is an object of the present invention to provide a biological
information measuring apparatus that can perform measurement with higher
accuracy as a whole by using both wrist measurement and palm measurement
together.

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

information measuring apparatus that measures a pulse wave by attaching a
casing to a user's wrist, wherein the casing has a concave bottom surface, and the
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casing has a concave shape. In the biological information measuring device, a
sensor window is provided in a part of the concave surface of the lower surface of
the sensor window so as to protrude from the peripheral portion, and a pulse wave
sensor is installed inside the sensor window.

[0011] In the biological information measuring device of the above invention, the
concave surface of the lower surface of the housing can be an analytical curved
surface.

[0012] Further, in the biological information measuring device of the above
invention, the concave surface of the lower surface of the housing can be a
cylindrical concave surface.

[0013] Further, in the biological information measuring device of the above
invention, the concave surface of the lower surface of the housing can be a conical
concave surface,

[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 be filled 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 on the lower surface of
the housing.

[0019] 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.

[0020] In the biological information measuring apparatus according to the invention,
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the pulse wave signal from the external pulse wave sensor is prioritized when the
signal cable is connected to the connector, and the signal cable is connected to the
connector. When there is not, an input pulse wave sighal switching means for
switching a pulse wave signal to be used so as to give priority to the pulse wave
signal from the puise wave sensor built in the housing can be provided.

[0021] The biological information measuring apparatus according to the present
invention may further include a gain adjusting unit that adjusts an 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 lower surface of the housing.

[0023] Another feature of the present invention is a wristwatch-type biological
information measuring apparatus that measures a pulse wave by attaching the
casing to a user's wrist, and includes a first pulse wave installed on the lower
surface of the casing. A sensor, a second pulse wave sensor connected to a
connector provided in the housing via a signal cable, a measurement signal of the
first pulse wave sensor, and a measurement signal of the second pulse wave sensor;
Among the measurement stability determination means for determining whether
the measurement stability is good or not, and the measurement stability
determination means among the first pulse wave sensor and the second pulse wave
sensor, The biological information measuring apparatus includes an analysis unit
that performs puise wave detection using a measurement signal from a pulse wave
sensor that outputs the determined measurement signal.

[0024] According to the present invention, since the bottom surface of the housing
is concave to fit the wrist and the pulse wave sensor is convex, the bioclogical
information measuring device can be stably fixed to the user's wrist. In addition, the
contact state between the pulse wave sensor and the skin can be ensured, the
pulse wave can be measured reliably, the casing can be made thin, and the
wearability can be improved.

[0025] Further, according to the present invention, it is possible to cope with a user
who is dissatisfied with either wrist measurement or finger measurement by
adopting a structure capable of easily switching between pulse wave wrist
measurement and palm measurement. By using both wrist measurement and pailm
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 according to a first embodiment of 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 beilt 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. in addition, the connector 110 for connecting the signal cable
12A for transmitting the signal of the external second pulse wave measurement
unit 12 is a side surface that is 90 degrees away from the belt connection surface,
and the side surface 102 that comes to the user's hand side in a normal wearing
state. It is installed.

As shown in FIG. 1, the biological information measuring device 10 of the present
embodiment is installed on the lower surface of the housing 100, and a first pulse
wave measuring unit 11 that measures pulse waves, and the biological information
measuring device. 10 is connected to the outside with a cable 124, 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 The filter unit 14, the gain adjusting unit 15 that
adjusts the amplification factor of the amplifier / filter unit 14 according to the
measurement state, the static acceleration due to the dynamic acceleration
generated by the movement of the user's wrist and the gravitational acceleration
accompanying the posture. Measurement to detect both dynamic acceleration Unit
16, A/ D conversion unit 17 for A / D converting the output of first pulse wave
measturement unit 11 or second pulse wave measurement unit 12 and the output of
acceteration 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, puise
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 puise 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 puise wave is measured
by capturing the fluctuation of reflected light that changes due to the change in
blood flow in the blood vessel with a photodiode. The amplifier / filter unit 14
converts the output current from the photodiode of the first pulse wave
measurement unit 11 or the second pulse wave measurement unit 12 into a voltage
by the current-voltage conversion unit, amplifies the voltage by the amplifier, and a
high-pass filter. (For example, cut-off frequency: 0.1 Hz) and a low-pass filter {for
example, cut-off frequency: 50 Hz), and then output to the A/ D converter 17. The A
/ D conversion unit 17 performs 10-bit A / D conversion on the input from the
ampilifier / filter unit 14 to convert it into a digital quantity and inputs it to the
control unit 26. The gain adjusting unit 15 calculates the amplitude of the pulse
waveform input to the control unit 26, and controls the amplification factor of the
amplifier / filter unit 14 based on the relationship between the amplitude and the
set threshold value.

The analysis unit 18 performs body movement amount detection based on the
triaxial acceleration waveform input to the control unit 26 after being measured by
the acceleration measurement unit 16 and A / D converted by the A / D conversion
unit 17. . Further, as the awakening / sleep determination at the end of the
measurement, it is determined whether or not the subject is awake based on the
body movement data, and the sleep time is calculated. Further, the analysis unit 18
performs measurement with the first pulse wave measurement unit 11 or the
second pulse wave measurement unit 12, performs A / D conversion with the A/ D
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conversion unit 17 via the amplifier / filter unit 14, and inputs the resuilt to the
control unit 26. The pulse wave interval data is detected for the pulse wave
waveform thus obtained.

[0034] Further, the analysis unit 18 obtains the amount of body movement from the
acceleration data in the three-axis directions acquired from the acceleration
measurement unit 16, further performs awakening / sleep determination based on
the amount of body motion, and based on the result of the awakening / sleep
determination, After the start of measurement, the time at which the transition
from awakening to sleep is detected as the sleep onset time, and the time at which
the transition from the awakening to sleep after going back to the end of the
measurement is detected as the awakening time.

Further, the analysis unit 18 samples pulse wave data from the pulse wave
measured by the first pulse wave measurement unit 11 or the second pulse wave
measurement unit 12, and acquires pulse interval data from the series of pulse
wave data. And stored in the data storage unit 19.

The communication unit 16 is a part that performs data communication with a
personal computer, a PDA terminal, a mobile phone, or the like. If the device 10
measures and accumulates data for sleeping on multiple days and the free space in
the data storage unit 19 decreases, for example, the USB port of the personal
computer is connected to the USB port of the personal computer using the USB
cable. By connecting, data is saved in a hard disk on a personal computer in a
format that can be analyzed with the specified analysis software, and analyzed with
the analysis software.

[0037] The power supply of the biological information measuring apparatus 10 of
the present embodiment is always ON, and when the biological measurement is not
performed, the internal clock is greatly reduced to reduce power consumption, and
only the time display is performed as in a normal wristwatch. Do. When performing
biometric measurement, the operation unit 21 switches the mode to the biometric
measurement mode. in addition, the sleep time display and the like are displayed
by setting the result mode. The communication mode is switched by connecting a
USB cable to the communication unit 23 and connecting to an external device via
USB. Since charging is performed using the power line of the USB cable, charging is
performed simultaneously in the communication mode.

[0038] Modes that can be set by the operation unit 21 include a time mode, a
biological measurement mode, and a result display mode. The display information
of the display unit 20 includes date, pulse rate, time, puise wave level meter,
memory accumulation amount, battery remaining amount, communication display
as each status, and a heart symbol blinking in synchronization with the pulse. .
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The battery voltage monitoring unit 25 monitors the power supply voltage from the
capacity-voltage characteristics of the battery 24 to obtain and display the
remaining battery level.

[0040] As described above, the first pulse wave measurement unit 11 and the
second pulse wave measurement unit 12 use a photoelectric pulse wave sensor
configured by a combination of a light emitting diocde (LED) and a photodiode (PD).
ing. In this photoelectric pulse wave sensor, a pulse wave is detected by irradiating
the inside of the skin with light from an LED and capturing the intensity of reflected
light that changes with blood flow change by PD by the light absorption
characteristics of hemoglobin.

[0041] The first pulse wave measurement unit 11 is disposed on the lower surface
of the casing of the biological information measurement device 10, but it is
necessary to make a firm contact with the skin in order to measure the pulse wave
accurately and stably. If the shape of the lower surface of the apparatus housing is
flat, the human wrist is not flat, and the contact state of the pulse wave sensor with
the skin is not stable. Therefore, in the biological information measuring apparatus
10 of the present embodiment, as shown in detail in 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 measurement unit 11 simply by making it
concave, a transparent window composed of a convex curved surface and a plane is
instalied 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 1st pulse wave measurement part 11
can be made to contact skin stably.

[0042] In consideration of the ease of processing the housing and the like, it is
desirable that the concave surface on the lower surface of the housing 100 be an
analytical curved surface. For example, a cylindrical concave surface as shown in
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 to the wrist when the device 10 is
arranged at the center of the lower surface of the housing 100. in other words, it
hits the position of the long palmar muscle tendon of the user, the contact state is
not stable, and is greatly affected by the movement of the wrist. Therefore, the
position where the first pulse wave measurement unit 11 is provided is shifted from
the central part of the lower surface of the apparatus housing 100 in the bending
direction (the circumferential direction of the wrist to be worn or the belt direction)
so that the influence can be reduced. | have to. Further, the long palmar tendon of
the user's wrist is positioned in the gap formed by the convex curved surface of the
first puise 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 the first 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 measurement is not possible with the wrist, it is desirable to perform
measurement with the palm by wrapping the second puise wave measurement unit
12 around the finger. In that case, it is bothersome to let the user connect the
connector 110 to the second 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 10 pin of the CPU is pulled up to the power supply voltage.
Then, the power supply voltage is applied to the 10 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 10 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 S12). if so, it is
determined that the second pulse wave measurement unit 12 is used (step S13).

Here, the shape of the connector 110 is not limited to this, and the connector 110
may be pulled down in advance and set to the H level when connected. Further,
when the PD and LED pins can be made common {for example, when the PD is used
at zero bias) (for example, the LED cathode and the PD anode), the number of lead
wires 12A to the second pulse wave measurement unit 12 can be reduced. it can.
Further, the pulse wave switching unit 13 dynamically responds to insertion /
removal of the second pulse wave measurement unit 12 during measurement by
monitoring the connection state of the connector periodically during measurement
as well as at the start of measurement. be able to.

[0049] The second example is a method of determining whether or not the second
pulse wave measurement unit 12 is connected from the measurement waveform.
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 lapse of a certain time, the pulse wave
switching unit 13 checks whether there is a pulse wave fluctuation that exceeds a
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threshold value set on both sides of the offset voltage or one (step $23), and if there
is no fluctuation, the second pulse wave It is determined that the measurement unit
12 is not connected (or is not correctly measured even if connected), and thereafter,
it is determined that the first pulse wave measurement unit 11 is used (step 526).

On the other hand, if there is a pulse wave fluctuation exceeding the threshold
value in step 523, the peak interval exceeding the threshold value is an interval
that seems to be a pulse wave (for example, 0.5 seconds to 1.5 seconds or less).
Whether the second pulse wave measuring unit 12 is connected or not if it is
detected more than a certain number of times, for example, 5 times or more in 10
seconds (step S24). It is determined that the two pulse wave measurement unit 12
is used {step S25), 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 S26).

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 o 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 shown in
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 ampilifier / filter unit 14.
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[0053] Basically, it is said that the accuracy of pulse wave measurement is better in
the palm part than in the wrist part, but the opposite may occur depending on the
user's situation (cooling, posture, etc.). Therefore, the measurement accuracy is
further improved by such a method.

[0054] At the start of measurement, based on the flowchart of FIG. 12, the pulse
wave switching unit 13 selects the second puise wave measurement unit 12 (step
S21), and for a certain period of time sufficient to count at least a plurality of pulse
waves, For example, a pulse wave for 10 seconds is measured (step 522). Then,
based on the same determination as in the first embodiment, it is checked whether
there is a pulse wave fluctuation exceeding the threshold value set on both the
upper and lower sides of the offset voltage (step 523). It is determined that the
wave measurement unit 12 is not connected (or is not correctly measured even if
connected), and it is determined that the first pulse wave measurement unit 11 is
preferentially used (step 526).

On the other hand, if there is a pulse wave fluctuation exceeding the threshold
value in step 523, the peak interval exceeding the threshold value is an interval
that seems to be a pulse wave (for example, 0.5 seconds to 1.5 seconds or less).
Whether the second pulse wave measuring unit 12 is preferentially used {step S25).
Otherwise, it is determined that the first pulse wave measurement unit 11 is
preferentially used (step 526).

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 S31). 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 number of 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 s0, the measurement at the pulse wave measurement
unit that is determined to be used preferentially is continued as being correctly
measured. Otherwise, the pulse wave switching unit 13 switches to the other pulse
wave measurement unit as not being measured correctly {step 534).

[0057] Then, in the same manner as described above, the analysis unit 18 detects
the pulse wave interval {step 535), 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 measurement unit 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 bioclogical
information analysis is possible,

[0059] FIG. 2 is a block diagram showing a functional configuration of the biological
information measuring apparatus according to the first embodiment of the present
invention. The top view and side view which show the external appearance of the
biological information measuring device of the said embodiment. The bottom view
and side view which show the housing | 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 shows the installation place of the connector which connects the signal cable
of the 2nd pulse wave measurement part in the biological information measuring
device of the said embodiment. Explanatory drawing of the pin assignment of the
connector by the side of the signal cable of the 2nd pulse wave measurement part
in the biological information measuring device of the said embodiment, and the
connector by the side of a housing | casing. The flowchart of an example of the
selection judgment process of the 1st 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 1st pulse wave measurement part and the 2nd pulse wave
measurement part in the bioclogical information measuring device of the said
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embodiment. The graph of the regular pulse wave measurement signal input from
the 2nd pulse wave measurement part in the living body information measuring
device of the above-mentioned embodiment. The graph of the pulse wave
measurement signal input from the connector for a 2nd pulse wave measurement
part connection in the state where the 2nd puise 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 measurement part
in the living body information measuring device of a 2nd embodiment of the
present invention.

Claim{s):

1. A wristwatch-type biological information measuring apparatus for measuring a
pulse wave by attaching a housing to a user's wrist,

wherein the shape of

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

A biologicatl information measuring device , wherein a sensor window is provided so
as to protrude from a peripheral portion, and a pulse wave sensor is installed inside
the sensor window.

2. The biological information measuring apparatus according to claim 1, wherein
the concave surface of the lower surface of the housing is an analytical curved
surface.

3. The biological information measuring apparatus according to claim 2, wherein
the concave surface of the lower surface of the housing is a cylindrical concave
surface.

4. The biological information measuring device according to claim 2, wherein the
concave surface of the lower surface of the housing is a conical concave surface.

5. The biological information measuring device according to claim 2, wherein the
concave surface of the lower surface of the housing is an elliptical concave surface.

6. The biological information measuring device according to any one of claims 1to 5,
wherein the sensor window has a flat top surface.

7. The biological information measuring device according to claim 1, wherein the
height of the convex top portion of the sensor window is a height that does not

protrude outward from the lower surface of the housing.

8. The biological information measuring apparatus according to claim 1, wherein
the sensor window is configured by a flat surface that can be formed by filling a part
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of a concave surface of the lower surface of the housing.

9. The biological information measuring apparatus according to claim 1, wherein
the sensor window is provided at a position shifted in a bending direction from a
position of a curved center line on the lower surface of the housing.

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

housing, and an external pulse wave sensor provided at a position shifted from the
center position on the side surface of the housing where the belt is not connected.
The bioclogical information measuring device according to claim 1, further
comprising: a connector for connecting a signal cable that transmits the puilse 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 biologicatl information measuring device according to claim 10,
further comprising an input pulse wave signal switching unit that switches a puise
wave signal used so as to prioritize the wave signal.

12. The biological information measuring apparatus according to claim 11, further
comprising gain adjusting means for adjusting an amplification factor according to
an input pulse wave signal selected by the input pulse wave switching means.

13. The biological information measuring apparatus according to claim 10, wherein
the sensor window is provided at a position closer to the connector than a center
point on the lower surface of the housing.

14. A wristwatch-type biological information measuring device for measuring a
pulse wave by attaching a housing to a user's wrist,

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

The second pulse wave sensor connected to the connector provided in the housing
via a signal cable,

the measurement signal of the first pulse wave sensor and the measurement signal
of the second pulse wave sensor are compared. Among the measurement stability
determining means for determining the quality of the measurement stability and
the first pulse wave sensor and the second pulse wave sensor, the measurement
stability determining means determines that the measurement stability is good. A
biological information measuring apparatus comprising: an analysis unit that
performs pulse wave detection using a measurement signal from a pulse wave
sensor that outputs a measurement signal.
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SIZING AND POSITIONING TECHNOLOGY FOR AN IN-THE-EAR
MULTI-MEASUREMENT SENSOR TO ENABLE NIBP CALCULATION

BACKGROUND

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

in-the-ear structure that is inserted in the ear canal to suitably position one or more
physiological sensors within the inner ear to capture information indicative of
physiological phenomena including blood pressure, respiration, perfusion index, blood
oxygen, pulse rate, and body temperature, for example.

Physiological signals have been measured from within the ear. However, there are
no multi-parameter physiological measurement devices that non-invasively measure blood
pressure from within the ear. Examples of barriers that frustrate such development include
the varying size and shape of the human ear canal from person to person, an inability to
strategically position sensors within the ear canal to optimally receive physiological
signals, and an inability to protect sensing devices from contamination through contact

with inner ear tissue while measuring physiological signals.

In one aspect, an in-the-ear physiological measurement device includes a structure
formed for insertion into an ear canal. One or more sensors are operatively coupled to a
portion of the structure that is positioned in the ear. An inflatable balloon is operatively
coupled to the portion of the structure positioned in the ear and inflates to position the one
or more sensors proximate to tissue within the ear canal. Once suitably positioned, the one
or more sensors sense physiological signals from the surrounding tissue and bone structure.

One advantage includes measuring physiological signals from within the ear.

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

Another advantage is continuously measuring non-invasive blood pressure from
with the ear.

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

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

receive physiological signals therefrom.
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Another advantage is positioning the sensor within the ear canal with ideal force
and pressure to ensure close coupling of sensors with tissue without causing blanching of
the tissue.

Another advantage is positioning the sensor within a well perfused physiological
site even if the body is experiencing peripheral shutdown due to shock or other conditions.

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

Another advantage is measuring physiological signals through a sheath that
mitigates contamination of the physiological sensors.

Another advantage resides in an in-the-ear physiological signal measuring device
that equalizes ear pressure with ambient pressure, especially during balloon inflation and
deflation.

Still 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.

FIGURE 2 illustrates an in-the-ear physiological measurement apparatus with a
single channel for housing sensor wiring and inflating/deflating an inflatable balloon to
position sensors proximate to inner ear tissue.

FIGURE 3 illustrates an in-the-ear physiological measurement apparatus with
separate channels for housing sensor wiring and inflating/deflating an inflatable balloon.

FIGURE 4 illustrates an in-the-ear physiological measurement apparatus with an
air passage channel for equalizing air pressure between the ear and the environment when
inflating and deflating the balloon.

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

FIGURE 6 illustrates a connection point between an in-the-ear physiological
measurement apparatus, a supporting behind-the-ear device, and a protective sheath that
mitigates contamination of the physiological sensors.

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

to a behind-the-ear supporting device.
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FIGURES 8-12 illustrate various views of a suitable tip for holding sensors
associated with an in-the-ear physiological measurement apparatus.

FIGURE 13 is a perspective view in partial section illustrating an uninflated
balloon for insertion into the ear canal.

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

FIGURE 1 illustrates an in-the-ear (ITE) physiological measurement apparatus 2
(hereafter “the ITE apparatus 2”°) for measuring one or more physiological signals (e.g.,
blood pressure, pulse, blood oxygen, perfusion, temperature, respiration...) from within an
ear canal. The ITE apparatus 2 includes a structure 4 that inserts into the ear canal. The
structure 4 is dimensioned to enter the ear canal to a suitable depth and adapts to various
shaped ear canals (e.g., different curvatures). That is, the structure 4 is small in diameter
compared to the diameter of the ear canal. In a preferred embodiment, the structure 4
projects into the ear canal such that an end portion is positioned proximate to a bony region
of the ear or other relatively quiet zone of the ear canal.

The end portion of the structure 4 residing in the ear canal includes an annular
inflatable balloon 6. The inflatable balloon 6 surrounds the end portion of the structure 4
(as illustrated) or suitable portions thereof. The inflatable balloon 6 ideally supports one or
more sensors 8 that are operatively coupled to a surface of the balloon 6 and that measure
physiological signals. Suitable sensors include light emitting diodes (LEDs), an infrared
(IR) source, light detectors, a pressure transducer, a microphone, and a thermistor, for
example. The sensors 8 are strategically positioned on the balloon 6. For example, a light
detecting sensor typically is positioned to minimize or prevent absorption of light not
indicative of the physiological process under measurement (e.g., light from outside the ear,
light emitted from another sensor located on the balloon 6...). Although depicted as
circular in FIGURE 1, the one or more sensors 8 can be any shape. Alternatively, the
sensors could be mounted within the end portion of the structure 4 and could be moved
into contact with the tissue once inserted into the ear.

The inflatable balloon 6 is inflated to position the one or more sensors 8 proximate
to appropriate tissue within the ear canal with ideal force and pressure to ensure close

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

-3-
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tissue. For adult humans, this includes inflating the balloon 6 to conform to the widely
varying ear canal diameters from about 6 mm to about 13 mm. For neonates and small
pediatrics, where the ear canal diameter various from about 4 mm in diameter to about 7
mm in diameter, smaller and shorter ITE devices are used. Typically, sensors for
measuring blood oxygen are positioned proximate to ear canal tissue that is perfused with
arterial blood supplied by branches of the External as well as the Internal Carotid Arteries,
thus serving as a well perfused physiological site even if the body is experiencing
peripheral shutdown due to shock or other conditions. Such sensors include an energy
emitting means (e.g., an LED, an IR source...) and an energy detecting means that detects
energy transmission through the vascular tissue. In another example, a temperature sensor
(e.g., a thermistor) is also positioned proximate to vascular tissue. In yet another example,
sensors for sensing audio signals (e.g., a microphone) indicative of pulse pressure sounds,
and/or respirations are suitably positioned in relatively quite regions of the ear canal to
mitigate sensing extraneous audio signals (noise).

The inflatable balloon 6 is also used to facilitate non-invasively measuring blood
pressure. For a non-invasive blood pressure measurement, the inflatable balloon 6 is
inflated until it occludes blood flow in a portion of the ear proximate a blood pressure
sensor(s) (e.g., a pressure transducer) operatively connected to the inflatable balloon 6.
The pressure in the inflatable balloon 6 is then suitably released to deflate the inflatable
balloon 6. A systolic and a diastolic blood pressure are obtained during inflation and/or
deflation using an auscultatory approach (e.g., via a microphone operatively connected to
the balloon 6) and/or an oscillometric approach (e.g., via optical sensing components
attached to the balloon).

A continuous non-invasive blood pressure is measured by obtaining an initial blood
pressure measure as describe above and then re-inflating the balloon 6 to a mean pressure.
A servo mechanism periodically adjusts balloon pressure to locate a maximum pulse
waveform amplitude indicative of mean blood pressure. As long as the derived mean
pressure is relatively close to the initial pressure and/or the pulse waveform amplitudes are
relatively close, the derived continuous systolic, diastolic, and mean blood pressure are
calculated with high accuracy.

The structure 4 includes one or more passageways (as illustrated in FIGURES 2-4
infra) that extend through the structure 4. Such passageways house sensor data, power,

-4 -
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and control wires, provide a hermetically sealed channel for inflating/deflating the balloon
6, and/or allow pressure inside the ear to equalize with the environment during balloon
inflation/deflation. FIGURE 2 depicts an aspect in which the structure 4 includes a
channel 10 for both housing sensor wiring and inflating/deflating the balloon 6. The
channel 10 isolates the wires from the inner ear environment, mitigating contamination of
both the ear and the sensor wiring and provides a pressurized air conduit to the balloon 6.
FIGURE 3 depicts an aspect in which the structure 4 includes separate channels for sensor
wiring and inflating/deflating the balloon 6; one or more first channels 12 house sensor
wiring and a second channel 14 provides the pressurized air conduit for inflating/deflating
the balloon 6. FIGURE 4 depicts an aspect in which an optional channel 16 provides an
ear pressure stabilizing mechanism that allows ear pressure to equalize with the
environment during balloon inflation and/or deflation. The channel 16 mitigates pressure
build-up in the ear during balloon inflation and/or deflation and potential pain therefrom.
The examples in FIGURE 2-4 depict the structure 4 and the passageways 10-16 with
circular shaped cross-sections. These particular shapes are not limitative and are provided
for explanatory purposes. It is to be understood that the structure 4 and/or the passageways
10-16 can be essentially any shape (e.g., oval, rectangular, irregular...) conducive to the
ear canal.

FIGURE 5 illustrates the ITE apparatus 2 inserted into an ear canal. The structure
4 is inserted such that the end portion with the balloon 6 residing in the ear canal is in a
bony region of the ear. The balloon 6 is inflated to position the sensors 8 proximate to
inner ear tissue to sense signals indicative of physiological states, including blood pressure,
temperature, pulse, respiration, and blood oxygen, for example.

FIGURE 6 illustrates the ITE apparatus 2 with an optional sheath 9 placed over the
structure 4 and balloon 6 to protect the ear and the structure/balloon/sensor assembly from
contamination. In one aspect, the sheath can be semi-permeable to allow air flow, but
prevent fluid from moving from one side of the sheath to the other side. In another aspect,
the sheath prevents substantially all matter from moving from one side of the sheath to the
other side. The structure/balloon/sensor assembly can be disposable, washable, and/or
sterilizeable.

The structure 4 is shown supported in the ear by a (BTE) ear piece 18. The
structure 4 can be operatively attached to the ear piece 18. Such attachment can be through

-5-

549



10

15

20

25

30

WO 2007/004083 PCT/IB2006/051892

a fastening means including a threaded connector, a snap, a set screw, an adhesive, a rivet,
etc. FIGURE 6 shows an exemplary connection region 20 between the structure 4 and the
optional ear piece 18. A protective sheath 9 may be used to mitigate contamination of the
physiological sensors if desired. In another aspect, the structure 4 and the ear piece 18 can
be formed as a single unit.

FIGURE 7 shows the BTE device 18 connected to the ITE device 2. The ITE
device 2 includes a battery 21 which powers both devices. With this embodiment, the ITE
device 2 and battery 21 are low cost and disposable.

FIGURES 5-7 above illustrate the optional ear piece 18 as a behind-the-ear
supporting device. In a preferred embodiment, the ITE apparatus is connected to a behind-
the-ear (BTE) device (18) by means of a semi-rigid connector tube that is formed to fit
over and/or around the ear to prevent over insertion and to hold in position the ITE device
with optimised orientation and positioning. It is to be understood that other types of
supporting devices are contemplated. For example, the structure 4 can be mounted to
supporting devices that attach to a region of the head, neck, shoulders, etc.

The BTE device 18 can house various electronics that receive physiological signals
from the sensors 8 (e.g., via sensor wire extending through the passageways 10 and 12
briefly described above) and transmit the physiological signals to another transceiver (not
shown) worn by the subject (e.g., a transceiver worn around the neck or waist) or to a
remote device (not shown) such as a monitoring device, a database, a computer, and a
graphical display. The BTE device 18 can optionally include a processor (not shown),
memory (not shown), and a battery (not shown). The processor is used to control the
sensors and electronics, process raw data, and read data from the sensors; the memory is
used to store data and/or configuration; and the battery powers the processor, active
sensors, and the transceiver.

In the embodiment of FIGURES 8-11, the one or more sensors 8 are located on a
soft, pliable tip 22 (rather than directly on the inflatable balloon 6, or on the ITE device tip
on a side opposite the inflatable balloon 6) that is operatively connected to the end of the
structure 4 inserted into the ear. The balloon 6 is shown in FIGURE 8, but has been
removed from the FIGURES 9-11 for clarity of illustration. Upon inserting the structure 4

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

FIGURE 12-14 depict the tip 22 as an expandable mushroom shaped element. In
this embodiment, inflating the balloon 6 from the insertion level of FIGURE 13 expands
the soft, pliable tip 22, which positions the sensors 8 proximate to inner ear tissue (See
FIGURE 14). The tip 22 and/or balloon 6 also serve as an optical reflector, helping to
reflect light from a light emitter through the tissue, from the bone, through the tissue,
reflectively and transmissively, to the reflector, from the reflector back through the tissue
and so forth, until it finally reaches the light detector. The back side of the tip 22 is opaque
which blocks unwanted ambient light coming from within the ear canal. The tip (22)
and/or the balloon (6) also serves as buffer between external ambient airflow and
thermistor (8) that is measuring a surrogate of core body temperature. Flex-circuit
connectors 26 each extend through the structure 4, bend around the balloon 6, and flexibly
interconnect with an associated sensor 8.

The invention has been described with reference to the preferred embodiments.
Modifications and alterations may occur to others upon reading and understanding the
preceding detailed description. It is intended that the invention be constructed as including
all such modifications and alterations insofar as they come within the scope of the

appended claims or the equivalents thereof.
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CLAIMS

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

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

one or more sensors (8) operatively coupled to a portion of the structure that is
inserted in the ear; and

an inflatable balloon (6) operatively coupled to the portion of the structure inserted
in the ear, the inflatable balloon (6) inflates to position the one or more sensors (8)
proximate to tissue within the ear canal such that the one or more sensors (8) can sense

physiological signals from the surrounding tissue and bone structure.

2. The ITE physiological measurement device (2) according to claim 1,
wherein the one or more sensors (8) non-invasively sense signals indicative of blood
pressure, continuous blood pressure, a pulse, a blood oxygen level, perfusion, body

temperature, and respiration.

3. The ITE physiological measurement device (2) according to claim 1,
wherein the structure (4) is inserted to position the one or more sensors (8) proximate to at

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

4. The ITE physiological measurement device (2) according to claim 1,
wherein the structure (4) is inserted to position the one or more sensors (8) proximate to
surrounding deep ear canal tissue which is perfused with arterial blood supplied by
branches of at least one of External and Internal Carotid Arteries and serves as a well
perfused physiological site even if the body is experiencing peripheral shutdown due to

shock or other conditions.

5. The ITE physiological measurement device (2) according to claim 1,
wherein the inflated balloon (6) positions the one or more sensors (8) located thereon
proximate to the vascular tissue with ideal force and pressure to ensure close coupling of

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

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

7. The ITE physiological measurement device (2) according to claim 1, further
including a tip (22) operatively connected to a region of the structure (4) inserted in the

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

8. The ITE physiological measurement device (2) according to claim 7, the tip
(22) and/or the balloon (6) serves as a reflector to reflect and direct sensor sourced light
through the tissue of the ear, reflectively and transmissively, into a light detector while

blocking ambient light.

9. The ITE physiological measurement device (2) according to claim 7, the tip
(22) and/or the balloon (6) serves as buffer between external ambient airflow and

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

10. The ITE physiological measurement device (2) according to claim 7,
wherein the balloon (6) is disposed between the structure (4) and the tip (22) to inflate and
expand the tip (22) in order to position the one or more sensors (8) located thereon

proximate to the vascular tissue.

11. The ITE physiological measurement device (2) according to claim 1,
wherein the one or more sensors (8) include one or more of: a light emitting diode, an IR

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

12. The ITE physiological measurement device (2) according to claim 1,
wherein the inflatable balloon (6) expands to position the one or more sensors (8) within an
adult ear canal from about 6 mm in diameter to about 13 mm in diameter, and within a

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

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

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

14. The ITE physiological measurement device (2) according to claim 1, the
structure (4) including:

a passageway (10, 12) that extends through the structure (4) to the one or more
sensors (8) for housing sensor wires (26) for carrying power or control signals to the

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

15. The ITE physiological measurement device (2) according to claim 1, the
structure (4) including:
a passageway (16) that extends through the structure (4) for equalizing ear pressure

within the ear canal with ambient air pressure.

16. The ITE physiological measurement device (2) according to claim 1, further
including a sheath (9) that protects the structure (4), the balloon 6, the one or more sensors

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

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

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

18. The ITE physiological measurement device (2) according to claim 1,
wherein the ITE physiological measurement device (2) is operatively connected to the BTE
device (18) by means of a semi-rigid connector tube that is formed to fit over and/or
around the ear to prevent over insertion and to hold in position the ITE device (2) with

optimised orientation and positioning.

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

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

-10 -

554



WO 2007/004083 PCT/IB2006/051892

inflating an inflatable balloon (6) operatively connected to an end portion of the in-
the-ear structure (4) to position one or more sensors (8) proximate to vascular tissue of the
ear canal; and

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

surrounding tissue and bone structure.

20. The method according to claim 19, 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
expands the tip (22); and

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

ear canal.

25. The physiological measurement device (2) according to claim 24, the sensor
(8) senses one or more of blood pressure, continuous blood pressure, pulse, blood oxygen

level, 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.

217. 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 of CRNIZTITER (A

A non-trauma continuous measwring blood-pressure method s as follows: the volume
puise wave is first detecled and a pressurizing devics s controlied 1o pressurize tested
artery externally 1o make the average volume reach no-load state. In the subsequent
closed-loon operation state, the volume pulse wave is amplified, and s used
control the pressure of the pressunizing device. When the volume of the tested artery is
lirmited o the volume of no-oad siate, a pressure sensor is ussd o measwre the
oressurs of pressurizing bag repressenting the artery blood pressurs continuously, The
presant nvention features that the volume detection 8 for the arlery and the extemal
pressurizad position is on the proper part of wrist, and only one wist radial artery and
ong of ulnar arteries aredstected and pressurized.
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CLAIMS CN1270793

I,

A non-invasive continuous blood pressure measurement method, which uses a blood vessel volume detection
device to detect the volume pulse of the measured artery, and first controls a pressure device to perform external
pressure on the measured artery in an open-loop working state, so that Measure the average volume of arterial
blood to an unloaded state without any circumferential tension, and then enter a closed-loop working state.
Connect a servo amplifier circuit to amplify the volume pulse and use it to further control the pressure of the
pressure device. When the amplitude of the volume pulse of the measured artery tends to zero and its volume is
completely embedded in its unloaded state, a pressure sensor is used to continuously measure the pressure value
of the pressurized capsule to continuously represent the inside of the measured artery. The blood pressure value
is characterized in that the volume measurement of the arterial blood vessels and the external pressure are located
on the appropriate part of the wrist, and only one artery of the wrist arteries and ulnar arteries is detected and
compressed: the operation process of this method is as follows:

A. The fixing device is used to press the above-mentioned pressurizing device against the skin surface 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 measured artery remains unchanged;

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

2~

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

11-12-2018 1
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the compression center of the arterial compression device should be aligned with the superficial flexor artery or
ulnar artery at the wrist.

3~

The non-invasive continuous blood pressure measurement method according to claim 1, characterized in that
the diameter of the compression area to compress the arteries to be measured should be 1/2-1/ 3 of the
diameter of the wrist to be measured to ensure that The pressure can be fully transmitted to the depth of the
measured artery, while avoiding compressing to another artery and causing the volume of the capsule to be too
large, so that the pressure in the capsule cannot be quickly controlled.

4.

A non-invasive continuous blood pressure measurement method according to claim 1, characterized in that said
arterial compression device should be fixed on said wrist position by a fixing device having a certain hardness and
a certain elasticity.

5.

The non-invasive continuous blood pressure measurement method according to claim 4, characterized in that
the effective contact area of the fixation device and the wrist should be more than three times the compression
area of the compression device.

6~

The non-invasive continuous blood pressure measurement method according to claim 1, characterized in that
the center of the detection range of the blood vessel volume detection deviee is also unsuccessfully aligned with
the most supetlicial surface that is compressed by the back pressure device. Arteries.

7~

A non-invasive continuous blood pressure measurement method according to claim 1, characterized in that the
angle of the palm relative to the wrist and the angle of the wrist closer to the elbow joint relative to the forearm
should be fixed.

8+

A non-invasive continuous blood pressure measurement method according to claim 1, characterized in that the
volume detection and external compression of the arterial blood vessels can be performed alternately on the two
arteries of the arterial artery and the ulnar artery.

11-12-20198 2
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An apparatus based on the method for continuously measuring blood pressure according to claim 1, comprising
a device for volume measurement and external compression of the measured artery, and a measurement-
feedback control system, characterized in that The device for measuring the volume of the measured artery is a
photoelectric probe for volume detection of the arteries of the wrist and the ulnar artery, and the device for
externally pressing the measured artery is the wrist of the opponent. The same artery detected by the above-
mentioned photoelectric volume probe is a locally pressurized capsule with external compression.

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

10.

The non-invasive continuous blood pressure measuring device according to claim 9, characterized in that the
compression capsule is flat and its diameter can be selected from 1/2 to 1/3 of the wrist diameter, and the
compression capsule The inner wall of the body facing the wrist is made of a 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.

11.

The non-invasive continuous blood pressure measuring device according to claim 9, characterized in that the
fixing device of the pressurized capsule body is a fixing strap with a certain hardness and a certain elasticity.
Fixation shall use non-stretchable devices.

12.

The non-invasive continuous blood pressure measuring device according to claim 9 or 11, characterized in that
the width of the strap should be greater than 50 mm for an average adult, and the surface facing the wrist should
have a concave-convex shape that fits the wrist. .

13.

The non-invasive continuous blood pressure measuring device according to claim 9 or 11, characterized in that
the pressurized bladder can be integrated with a strap, that is, on the side of the strap facing the wrist,
corresponding to A flat recess having the same diameter as the diameter of the capsule is processed at the position
of the pressurized capsule, and the edge of the inner wall of the capsule body made of the translucent material is
sealed with the edge of the recess of the strap.
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14,

The non-invasive continuous blood pressure measurement device according to claim 9, wherein the
photoelectric volume probe is a reflective photoelectric sensor composed of a light emitting device and a
photoelectric device, and the light emitting device and the photoelectric device The inner surface of the inner
wall of the pressurized capsule body is fixed along the length direction of the bag fixing strap at an interval of 5-10
mm, and the midpoint of the line connecting the two devices is aligned with the center of the inner sidewall.

15.

The non-invasive continuous blood pressure measuring device according to claim 9, wherein the fixing device
further comprises a wrist fixing bracket.

The wrist fixed support is a support plate made of a hard material with a certain strength. Its length and width
should ensure that it covers the entire back of the hand from the base of the finger to the elbow joint, the back of
the wrist, and the back half of the forearm. Its shape should ensure that its inner side matches the shape of the
back of the hand, the back of the wrist, and the back of the forearm.

16.

The non-invasive continuous blood pressure measuring device according to claim 9 or 15, characterized in that
several small straps are fixed on the wrist fixing bracket, and a layer of soft material is adhered to the inner side of
the fixing bracket. pad.

17.

The non-invasive continuous blood pressure measuring device according to claim 9 or 15, characterized in that
the wrist fixing bracket can be formed by using multiple brackets, and the brackets are connected to each other
by an adjustable connection mechanism. .

18.

The non-invasive continuous blood pressure measurement device according to claim 9, wherein the
measurement-feedback control system is a measurement-feedback control system that continuously measures
blood pressure based on the vascular no-load method.
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19.

The non-invasive continuous blood pressure measuring device according to claim 9 or 14, characterized in that
the pressurized capsules embedded in the photoelectric volume probe can be respectively fixed on the flexural
artery and the ulnar artery of the wrist respectively. One and use a switching device to make them alternately
perform volume detection and external compression on the arterioles and ulnar arteries.

20.

A non-invasive continuous blood pressure measurement device according to claim 9, characterized in that the
measurement-feedback control system or a part thereof is integrated with the fixing device of the compression
capsule.
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based on machine-transtation output.

DESCRIPTION CN1270793

Method and device for non-invasive continuous blood pressure measurement

The invention relates to a method and a device for detecting blood pressure or blood flow, in particular to a
method and a device for continuously and non-invasively measuring the arterial blood pressure of a human body
based on the principle of the vascular no-load method.

In order to continuously measure the arterial blood pressure of the human body at all times, in order to
continuously monitor and track the instantaneous changes of human blood pressure, for many years, it has been
traditionally used clinically to insert a catheter into a superficial arterial blood vessel (inostly the flexor artery of
the wrist). A method of directing arterial blood into a pressure sensor for direct pressure measurement. Because
this traditional method is traumatic, there are always complicated operations and pain to patients (so this method
of pressure measurement can only be performed under anesthesia}, especially after use, it is easy to cause
bleeding, infection, thrombosis, Complications such as embolism and nerve damage or sequelae.

For this reason, in recent years, a variety of non-invasive continuous blood pressure measurement methods have
been studied, the most notable of which is the so-called "vascular no-load method" (or "volume embedding
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 of which have also been commercialized (such as Finapres TM2300, Ohmeda). When using
this method to continuously measure blood pressure without trauma, a photoelectric probe is generally used to
detect the volume pulse of the measured artery (that is, the change in the arterial volume caused by the arterial
wall following the blood pressure wave pulse)}, and at the same time control a fixed Measure the pressure in the
airbag (or water sac) on the surface of the skin above the artery, so that the blood vessel wall of the artery under
test is not only affected by the original blood pressure wave on the inside, but also by the external pressure on the
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outside, which makes the measured The arterial volume pulse changes. When this feedback control makes the
volume pulse of the measured artery change to a certain characteristic (for example, its amplitude or the
amplitude of the small vibration wave artificially superimposed on the volume pulse reaches the maximum, or the
descending section of its curve shows a downward depression When its baseline height (average value) drops to
1/3 of the baseline height when the artery begins to empty, etc.), it means that the vessel wall of the measured
artery is at its softest, that is, without any circumferential direction. Pulsing in the so-called "unloaded state" of
tension. At this time, a servo amplifier circuit is connected to amplify the volumetric pulse wave and use it to
further control the pressure of the balloon {or water balloon), so that the pressure applied to the outside of the
vessel wall of the measured artery is not only in the shape of the waveform, but also in The size of the waveform is
exactly the same as the blood pressure wave in the artery, that is, when the forces on the inner and outer sides of
the blood vessel wall of the measured artery reach dynamic equilibrium, the blood vessel wall of the measured
artery will no longer pulsate with the blood pressure wave in the blood vessel. Its vascular volume will be
embedded in its volume when unloaded. At this time, as long as the pressure value of the airbag (water bladder) is
continuously measured with a pressure sensor, continuous blood pressure measurement can be achieved.

Because this method is easy to operate, does not require calibration, and the measurement results are not easily
affected by the patient's body motion interference, it is refatively a non-invasive continuous blood pressure
measurement method suitable for clinical applications. However, this method also has the following problems:
() This method is generally used on fingers to measure finger arterial pressure. This is mainly because it is
convenient to realize photoelectric blood vessel volume wave detection on the finger, and it is also convenient to
fix, and at the same time, it has less impact on limb compression. However, the finger arteries are peripheral small
arteries that have high resistance to blood flow, so the blood pressure in the finger area is compared with the so-
called "systemic blood pressure” (that is, the blood pressure of the large arteries close to the heart) that is generally
used to determine whether the patient's blood pressure is normal. Under normal circumstances, it should be
about 10mmHg lower. If arteriosclerosis occurs, the difference can reach tens of mmHg. What's more important
is that the smooth muscle components in the walls of small arteries are larger than those in the walls of large
arteries, and these vascular smooth muscle components are easily affected by various factors (such as cold,
anesthesia, etc.) to cause contraction or relaxation, resulting in small arteries. The blood pressure varies so much
that the blood pressure measured with 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 measared on the fingers. ) When this method is used to compress the finger arteries, a
round tube-shaped balloon (water sac) is generally used to press the entire middle or base of the finger. During
continuous blood pressure measurement, the pressure in the balloon (water sac) is always maintained between
the systolic and diastolic blood pressure of the finger artery, although this pressure will only cause a certain
decrease in blood flow to the arteries in the compressed part. It will not cause the blood flow to be blocked, but it
will completely block the blood flow of all the venous and capillary blood vessels in the compressed part, causing
congestion of the finger downstream of the measured part, so it is not suitable for continuous use for a long time.
In response to the above problem (D, there have been attempts to apply this vascular no-load principle to the
upper arm to measure the blood pressure of the brachial artery. The results show that although this can measure
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the systemic blood pressure close to the aorta, because the position of the brachial artery in the upper arm is very
deep, to fully compress the brachial artery, the upper arm must be pressurized at or near the entire circumference.
In a short period of time, the blood circulation of the entire forearm and hand downstream will be seriously
affected; in addition, in response to the above problem (2), some people have also used this vascular no-load
principle to measure the temporality of the head An attempt at arterial blood pressure. The basic starting point is
that the head has a rich network of arteries and veins. If a small airbag (water sac) is used to compress the
temporal artery only, continuous blood pressure measurement will not affect the blood circulation in the head.
However, in practice, it is difficult to fix the airbag at the temporal artery, especially the fixed bandage will
compress the occipital artery and occipital vein at the back of the head. Long-term continuous use will also cause
headache, dizziness and other symptoms. Moreover, the temporal arteries are also peripheral arterioles, and the
blood pressure measured on the temporal arteries cannot be used to reflect the systemic blood pressure of the
patient.

An object of the present invention is to provide a method and a device for continuously and non-invasively
measuring blood pressure, which 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 order to achieve the above object, the solution adopted by the present invention is to change the measurement
site of the existing vascular no-load method, that is, the site for volume detection and external compression of
arterial blood vessels to an appropriate part of the wrist, and use a local The compression device only compresses
one of the two arteries of the wrist (the flexor artery and the ulnar artery).

The present invention is based on: (U Although the diameter of the flexor artery or ulnar artery is slightly smaller
than the diameter of the brachial artery at the upper arm, it is much larger than the small arteries such as the finger
artery and the temporal artery, and the smooth muscle component in the vessel wall of the flexure artery or ulnar
artery is small. Because of the finger arteries and temporal arteries, the blood pressure of the flexor arteries or
ulnar arteries is closer to the body's blood pressure than the finger arteries and temporal arteries, which are much
less affected by various factors. And even when the patient's circulatory function is poor, the blood vessel volume
wave can always be measured on the flexor artery or ulnar artery without the situation that blood pressure
measurement cannot be performed. In particular, due to the aforementioned characteristics of the wrist arteries
and ease of operation on the wrist, invasive direct pressure measurement of the flexor arteries on the wrist has
been used as the most commonly used blood pressure measurement method in surgery and critical care in
countries around the world for many years. As for the blood pressure value of the wrist artery, it has always been
used by clinical medical personnel as the most reliable and accurate criterion for the whole-body blood pressure
of the human body. Therefore, continuous measurement of blood pressure using the blood vessel no-load
method without trauma at the wrist has a high clinical value. {2) In normal people, there are more than two
arteries and veins on the wrist. Two of them (the arterioles and ulnar arteries) are connected to each other
through two arterial arches inside the palm. Several veins are also on the back of the hand. Connected through
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the dorsal vein network. The interconnectedness of these blood vessels ensures that even if one artery or / and
part of the veins of the wrist are blocked for a long time, the blood of the hand is still flowing when the other
artery and most of the veins can still low. The circulation is also largely unaffected. Therefore, long-term non-
invasive continuous blood pressure measurement can be achieved by using the vascular no-load method on one
of the arteries of the wrist torsion and the ulnar artery. In fact, because the radial and ulnar arteries are superficial
when passing through the wrist, and they are far apart, the distribution of several veins in the wrist is also
scattered. It is necessary to fully compress only one artery in the wrist. At the same time, it can ensure the smooth
flow of blood in another artery and most other veins. In addition, if such a non-invasive continuous blood
pressure measurement is performed on the wrist, it is obvious that there are also advantages such as convenient
operation and easy fixing of the pressure device.

Drawing description:

FIG. 1is a general block diagram of an embodiment of the present invention.

FIG. 2 is a schematic diagram of a wrist device in the embodiment shown in FIG. 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 a schematic structural diagram of a fourth embodiment of the present invention

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

FIG. 1 is a general block diagram of an embodiment of the present invention. It shows that this embodiment
includes two parts, of which the first part is a wrist device 1, which is mainly a device for volume detection and
external compression of the wrist arteries; the second part is a measurement-feedback control system 2. In order
to highlight how the present invention achieves continuous blood pressure measurement using the vascular no-
load method without trauma on the wrist, the second part of the measurement-feedback control system 2 in this
embodiment directly uses the measurement in the existing early product Finapres TM 2300. -Feedback control
system.
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First, the first part of the embodiment-the wrist device 1 will be described. As shown in FIG. 2 and FIG. 3, in this
embodiment, volume measurement and external pressure are performed on the flexural artery 11 and the ulnar
artery 12 of the wrist, so as to realize continuous blood pressure measurement of the flexural artery. This wrist
device | includes four parts: a flexor artery compression balloon 3, a balloon fixation band 4, a flexure volume
probe 5 and a wrist fixation support 6.

The arterial compression balloon 3 is a flat, circular balloon. In order to ensure that the pressure of this airbag can
be fully transmitted to the depth of the radial artery 11, on the one hand, the position of the airbag should be
fixed so that its center can be aligned with the superficial radial artery of the wrist; on the other hand, The
diameter of this balloon should be sufficiently large, but too large pressure on the other ulnar artery 12 and other
venious vessels simultaneously will increase the volume of the balloon, making it difficult to quickly control the
pressure in the balloon, so this diameter can be selected as Half the diameter of the wrist (for example, 30-40mm
for the average adult). In addition, in order to ensure that this airbag 3 does not generate circumferential tension
in its wall due to inflation and affect the effective compression of the flexural artery, the inner wall (wrist) of this
airbag 3 is thin, soft, and has A certain elastic translucent material is made to have a shape protruding inward, and
the wall of the airbag with one circumference and the wall facing outward are made of a material having a certain
hardness.

The airbag fixing strap 4 is used to fix the pressurized airbag 3 at the above-mentioned wrist position. In fact, in
order to simplify the structure, the present embodiment integrates the airbag 3 and the strap 4, that is, a diameter
with a cerfain thickness and hardness is used, and a diameter is processed on the surface of the wrist facing the
position corresponding to the airbag. A flat round pit having the same diameter as the airbag 3, and then the edge
of the above-mentioned airbag inner wall 7 made of the film is bonded to the edge of the recess of the strap 4 so
that the airbag inner wall 7 made of the film and the The cavity with a certain rigidity on the strap 4 constitutes the
airbag 3 described above. When the blood pressure is continuously measured by the non-invasive method of
blood pressure, the internal pressure of the balloon 3 will be pulsated according to the blood pressure of the
arterial artery 11, in order to ensure that the position of the balloon does not occur in any direction under the
action of this large pulsed internal pressure. The self-excited oscillation of the feedback control system is caused
by the beating of the belt. The strap 4 as a whole should have a certain degree of rigidity, and its two ends should
be fixed with non-scalable devices. In this embodiment, both ends of this strap 4 are fixed to the wrist fixing
bracket 6 by Velcro 8. In addition, the material of this strap 4 should also have a certain elasticity, so that when
the wrist is slightly thinned after being continuously pressed for a long time, its resilience can also enable it to
fasten the airbag on the wrist without happening Loose. On the other hand, in order to ensure that the measured
arterial artery is fully compressed by the airbag 3 only, the pressure of the bandage 4 on the other part of the wrist
is reduced as much as possible, so as not to block the other ulnar artery and most of the veins and affect it. For the
blood circulation of the downstream hand, the effective contact area of the strap with the wrist should be greater
than 3 times the compression area of the airbag 3. For this reason, the width of the strap should be as large as
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possible (greater than 50mm for ordinary aduits) and the strap should be tied. The skin-facing surface has a
concave-convex shape that fits the wrist.

The arterial volume probe 5 is a reflective photoelectric sensor. In order to facilitate the use of the strap 4 to fix the
probe to the wrist together with the airbag 3, and not to prevent the airbag from clinging to the wrist watch face,
this probe is built into the inside of the airbag. This probe is composed of a light emitting device Y and a
photoelectric device 10. These two devices 9 and 10 are attached to the inner surface of the inner side wall 7 of the
airbag 3 made of a translucent {ilm at intervals of 5-10 mm. When pasting, the light-emitting surface of the light-
emitting device 9 and the light-receiving surface of the optoelectronic device 10 should face the inner surface of
the inner wall 7 of the film, and the line between the two devices 9 and 10 should be perpendicular to the
direction of the tortuous artery, that is, Along the length of the strap: at the same time, align the midpoint of the
line with the center of the inner wall 7 of the film to ensure that when the center of the airbag 3 is aligned with the
superficial flexure 11 of the wrist, the two devices 9 and 10 It can be located on both sides of the radial artery on
the skin surface of the wrist, so that the center of the detection range of the volume probe is exactly aligned with
the radial artery. When the volume probe 5 is used to detect changes in the blood vessel volume of the arteries 11,
the light emitted by the light emitting device 9 therein passes through the inner wall 7 of the airbag 3 made of a
translucent film and enters the inside of the wrist. The surrounding soft tissue is reflected into the optoelectronic
device 10. The change in the volume of the arterial artery 11 will cause the light intensity reflected to the
optoelectronic device 10 to change, so that the output current of the optoelectronic device 10 will change. Thus,
the volume probe 5 will convert the volume of the arterial artery with the change of the blood pressure wave into
The arterial volume pulse wave signal is output.

The wrist fixing support 6 is used to fix the angle of the palm relative to the wrist and the angle of the wrist close to
the elbow joint relative to the forearm, so as to ensure that the subject pressurizes the airbag 3 when any physical
movement occurs during the continuous measurement of blood pressure for a long time. The position of the
sum volume probe 5 relative to the arterial artery 11 remains unchanged. At the same time, the use of this fixing
bracket can also distribute the pressure on the back of the wrist of the strap 4 for fixing the airbag. This wrist fixing
bracket 6 is a pallet made of a hard material with a certain strength. Its length and width should ensure that it
covers the entire back of the hand from the base of the finger to the elbow joint, the back of the wrist, and the
back half of the forearm. Its shape should ensure that its inner side can match the shape of the back of the hand,
the back of the wrist, and the back of the forearm (thus, in order to adapt to the forearm of different lengths and
thicknesses, several fixed supports need to be made separately). The wrist fixing bracket 6 is fixed with several
small straps 15 with velcro stitches at the ends for binding the forearm, wrist and hand of the subject to the wrist
fixing bracket 6. In order to avoid the uncomfortable subject caused by the rigid support, a pad 16 of soft material
can be glued on the inner side of the support, but this pad should not be too thick and too soft, otherwise it will
affect the wrist fixing effect. At the same time, when the internal pressure of the balloon changes greatly with the
blood pressure, the wrist beats under the pulsating internal pressure of the balloon, so that the feedback control
system generates self-excited oscillation.
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The following describes how the above-mentioned wrist device 1 is used in this embodiment to perform
continuous blood pressure measurement of the arterial artery without trauma. As shown in FIG. 1, when the
above-mentioned wrist device 1 is used to measure the arterial blood pressure, the wrist device must be
connected to a measurement-feedback control system 2 for the purpose of controlling vascular no-load. In this
embodiment, this measurement-feedback control system 2 uses an early measurement-feedback control system
in the Finafres product for continuous and non-invasive measurement of finger blood pressure based on the
principle of the vascular no-load method. The method of combining is very simple, that is, the leads of the light-
emitting device 9 and the photoelectric device 10 in the arterial volume probe 5 in the wrist device 1 are
respectively used with the finger-arterial volume probe in the measurement-feedback control system of Finapres.
The output end of the light-emitting device power supply (the output end is omitted in FIG. 1) is connected to
the volume signal input end 17 of the photoelectric device, and the airway of the flexor arterial compression
balloon 3 in the wrist device 1 is measured with Finapres -A voltage-pressure conversion device in a feedback
control system is connected to an air tube 18 that was originally used to supply air to the finger arterial
compression balloon.

When the embodiment consisting of the above-mentioned wrist device 1 and the measurement-feedback control
system 2 in Finapres is used for non-invasive continuous measurement of the arterial blood pressure, the subject's
back, wrist and forearm are first fixed on the wrist In the wrist fixing bracket 6 in the device 1, and then align the
center of the airbag 3 in the wrist device with the shallowest part of the wrist arterial artery 11, the airbag fixing
strap 4 is wound around the wrist, and The two ends of the fixing strap are fixed together with the wrist fixing
bracket 6 by a Velcro 8. After the above fixation and connection are completed, the measurement-reversing
control system 2 enters an automatic working state. Among them, at the beginning of continuous blood pressure
measurement, in order to find and record the volume of the subject's arterial flexure in the unloaded state, the
measurement-feedback control system 2 first connects the operating state switch 19 to the "open loop” position.
In this open-loop working state, the volume probe 5 in the wrist device 1 converts the blood vessel volume of the
flexor artery with the change in blood pressure wave into the flexure artery volume wave, and at the same time,
the airbag pressure setting circuit 20 in the system starts to automatically adjust the supply The voltage of the
voltage-to-pressure converter 21 causes the airbag 3 in the wrist device 1 to begin to pressurize the outside of the
arteral artery 11. As the external pressure of the arterial artery increases, the amplitude and shape of the arterial
volume wave will change. When the amplitude of the arterial volume wave reaches a maximum, it means that the
volume of the arterial artery's blood volume with the blood pressure wave has changed up and down in the
volume of the unloaded state of the vessel. At this time, the system will cause the airbag pressure setting circuit 20
to stop the pressure adjustment of the airbag 3, and cause an unloaded volume memory circuit 22 to record the
mean value (DC component) of the flexural artery volume wave at this time as the subject’s flexural artery. No-
load state volume V0. After finding and memorizing the unloaded state volume V0 of the subject ” s arterial
artery, the measurement-feedback control system 2 automatically connects the working state switch 19 to the
“closed loop" position, and gradually increases the gain of the servo amplifier circuit 23, The difference between
the volume wave detected by the volume probe 5 and the volume wave near the unloaded state volume and the
unloaded volume V0 recorded by the unloaded volume memory circuit 22 is subtracted by a comparison circuit
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24 (i.e., the arterial blood vessel volume) The AC component of the wave is amplified, and the voltage-to-
pressure converter 21 is driven to control the airbag 3 to further apply the same pressure to the flexural artery 11
from the outside as the internal blood pressure waveform, so that the amplitude of the volume wave generated by
the flexural artery with the internal blood pressure wave Began to get smaller. Since the gain of the servo amplifier
circuit 23 is adjusted so that the pressure applied by the balloon 3 to the outside of the flexible artery 11 is not
only in the shape of the waveform, but also the waveform size is completely the same as the blood pressure
waveform inside the flexible artery, that is, the flexible artery blood vessel When the forces on the inner and outer
sides of the wall reach dynamic equilibrium, the vessel wall of the flexural artery will no longer pulsate with the
blood pressure wave in the vessel, and the volume of the flexural artery will be completely embedded in its
unloaded volume V0. Therefore, in the closed-loop working state, as long as the system gradually increases the
gain of the servo amplifier circuit 23 and finds the time point when the amplitude of the volume wave of the radial
artery 11 eventually reaches zero, it can be sure that the pressure in the airbag 3 starts to increase. At any time, the
blood pressure in the arterial artery 11 is equal. At this time, the pressure sensor 25 connected to the pressurized
balloon 3 is used to continuously measure the internal pressure of the pressurized balloon 3 to achieve a non-
invasive continuous measurement of the arterial blood pressure.

The above list is only one embodiment of the present invention. In fact, the present invention can be
implemented and improved in various ways.

For example, selecting one of the two arteries of the wrist for continuous measurement of blood pressure does
not necessarily require selection of the flexural artery. As a second embodiment of the present invention, the
ulnar artery of the wrist can also be selected as the measured artery, and its measurement method It is the same as
Embodiment 1, and is not repeated here.

A third embodiment of the present invention is to place a pressurized balloon with a vascular volume probe in it
at a position corresponding to the flexor artery and ulnar artery of the wrist, and a switching device so that they
are arranged at intervals Alternate the volume and external compression of the flexural and ulnar arteries. The
wrist device is shown in Figure 4. This method is more conducive to continuous blood pressure measurement
over a long period of time, because the use of two arteries alternately can avoid the pain and numbness caused by
prolonged compression on one place.

A fourth embodiment of the present invention is shown in FIG. 5. In this embodiment, the wrist fixing bracket is
formed by using multiple brackets. These pallets are connected to each other by an adjustable connection
mechanism (such as a universal joint), so that the wrist fixed pallets assembled by these pallets can be adjusted
into various shapes for subjects with different fat, thin, long and short forearms. Share without having to make
them separately.
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On the other hand, in the above-mentioned embodiment, we have used a measurement-feedback control system
in Finapres, a device for continuously measuring blood pressure based on the vascular no-load method that is
originally used for fingers, in which the measured arterial volume pulse wave is used Whether the amplitude
reaches the maximum is used as a criterion for judging whether the arterial vessel under test is in an unloaded
state, and a control air pressure is used to control the external pressure applied to the arterial being tested. In fact,
the measurement-feedback control system in the present invention can be other measurement-feedback control
systems that continuously measure blood pressure based on the no-load method of blood vessels. For example, it
can use other criteria {such as the shape of arterial volume waves) to determine The unloaded state of the
measured artery can also be controlled hydraulic pressure to control the external pressure applied to the
measured artery.

In the above-mentioned embodiment, the wrist device including the externally pressurized balloon of the
measured artery and the volume detecting probe is a separate device. In fact, because the wrist has a large load-
bearing capacity, the pressure sensor, voltage-pressure converter, and even the entire control system in the
measurement-feedback control system can be integrated with the above-mentioned wrist device, which can
greatly increase the pressure. The speed of feedback control can further improve the accuracy of blood pressure
measurement, and can reduce the connection and pipeline during use, which is more convenient for clinical

application.
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