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(57) ABSTRACT

A mobile information terminal includes: a directional micro-
phone provided with a front port, a diaphragm and an elec-
trode, wherein the microphone includes a front air chamber
formed between a flexible thin film which covers an opening
of the front port and the diaphragm, and a rear air chamber
formed between a case and the electrode by hermetically
covering a rear of the electrode with the case.
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PORTABLE INFORMATION TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2012-232317 filed on Oct. 19, 2012, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present disclosure relates to a mobile informa-
tion terminal that can detect a biometric signal.

BACKGROUND

[0003] As thesociety is becoming more aging in developed
countries, elderly people tend to pay more attention to their
health. As a result, blood pressure meters capable of moni-
toring the blood pressure and the heart rate are widely dis-
tributed and mobile information terminals are also equipped
with a pedometer so as to monitor health conditions. As an
example, a device has been known in which a sensor unit
provided with a low frequency condenser microphone and
attached to a hollow frame is laid under the beddings of an
experimental subject in sleeping so that the heart rate and the
breathing rate, a rolling over time during sleep, and the fre-
quency of snoring of the subject may be detected. See, for
example, Japanese Laid-Open Patent Publication No. H11-
28195.

[0004] Further, Japanese Laid-Open Patent Publication No.
2010-207553 discloses a mobile phone terminal equipped
with a built-in microphone for communication capable of
detecting a low frequency vibration and a health condition
monitoring system which uses the mobile phone terminal as a
pressure vibration detection unit detecting the pressure vibra-
tions in a low frequency region such as a biometrical signal. In
the mobile phone terminal and the health condition monitor-
ing system disclosed in Japanese Laid-Open Patent Publica-
tion No. 2010-207553, in the microphone having a screen,
and an electrode and a partitioning wall having a through-hole
disposed in this order from the opening side within a housing,
an air chamber is formed at the rear side of the partitioning
wall so that the pressure variations in the low frequency
region can be detected. In general, although a built-in micro-
phone in the mobile phone terminal is able to detect only
voice sound having a frequency range of 20 Hz or more, a rear
chamber formed with a partitioning wall having the through-
hole between a counter-electrode and a sealed end of a casing
is provided in Japanese Laid-Open Patent Publication No.
2010-207553. With the rear chamber, the terminal and the
system disclosed in Japanese Laid-Open Patent Publication
No. 2010-207553 are able to detect the frequency up to a
region of about 0.1 Hz in addition to voice signal. Moreover,
the pressure change in indoor or inside the vehicle and bio-
metric signals such as, for example, heart rate, breathing rate,
rolling over time during sleep and the frequency of snoring
may be detected as well.

SUMMARY

[0005] According to one aspect of the present disclosure,
there is provided a mobile information terminal including a
directional microphone provided with a front port, a dia-
phragm and an electrode. The microphone includes a front air
chamber formed between a flexible thin film which covers the
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opening of the front port and the diaphragm, and a rear air
chamber formed between a case and the electrode by hermeti-
cally covering the rear side of the electrode with the case.
[0006] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims. It is to be under-
stood that both the foregoing general description and the
following detailed description are exemplary and explanatory
and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1A is a perspective view illustrating an
example of a mobile information terminal to which the
present disclosure is applied, FIG. 1B is a perspective view
illustrating the structure of a condenser microphone provided
in amouthpiece of the mobile information terminal illustrated
in FIG. 1A, and F1G. 1C is a cross-sectional view illustrating
the structure of the condenser microphone illustrated in FIG.
1B.

[0008] FIG. 2A is a perspective view illustrating an exem-
plary structure of the condenser microphone provided with a
front air chamber and a rear air chamber, and provided in the
mobile information terminal of an embodiment, FIG. 2Bisa
longitudinal cross-sectional view of the microphone illus-
trated in FIG. 2A, and FIG. 2C is a cross-sectional view of the
mobile information terminal illustrating the structure of the
microphone of an embodiment of the present disclosure pro-
vided in the mouthpiece of the mobile information terminal.

[0009] FIG. 3A is a perspective view illustrating a mobile
information terminal attached with a microphone according
to a specific embodiment of the present disclosure, and FIG.
3B is a partial cross-sectional view illustrating a part of the
microphone of the mobile information terminal illustrated in
FIG. 3A.

[0010] FIG. 4A is a perspective view illustrating a mobile
information terminal attached with a microphone according
to another embodiment of the present disclosure, and FIG. 4B
is a longitudinal cross-sectional view illustrating the mobile
information terminal of FIG. 4A.

[0011] FIG. 5A is a perspective view illustrating the mobile
information terminal according to an embodiment where a
pulse wave detection sensor is provided at a location at which
a thumb is placed when the mobile information terminal of
FIG. 3A is held by a left hand, FIG. 5B is a front view
illustrating the configuration of the pulse wave detection sen-
sor as an embodiment, and FIG. 5C is an explanatory view
illustrating the operation of the pulse wave detection sensor of
FIG. 5B.

[0012] FIG. 6A is a view illustrating a usage example when
the mobile information terminal of FIG. 5A is placed on the
chest to measure the blood pressure, and FIG. 6B is a view
illustrating a usage example when the mobile information
terminal of FIG. 5A is placed on the neck to measure the
blood pressure.

[0013] FIG. 7 is a diagram illustrating the configuration of
a circuit measuring the blood pressure in the mobile informa-
tion terminal of FIG. 5A.

[0014] FIG. 8 is a flowchart illustrating the operation for
calculating the blood pressure by the signal processing unit of
FIG. 7.

[0015] FIG. 9 is a perspective view of the mobile informa-
tion terminal illustrating an embodiment in which a pulse
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wave detection sensor provided at a location where the thumb
is placed on the mobile information terminal of FIG. 5A is
omitted.

[0016] FIG.10Aisaview illustrating an example where the
mobile information terminal of FIG. 9 is placed on the chest
to measure the blood pressure, and FIG. 10B is a view illus-
trating an example where the mobile information terminal of
FIG. 9 is placed on the neck to measure blood pressure.
[0017] FIG. 11 is a block diagram illustrating the configu-
ration of a circuit that measures the blood pressure in the
mobile information terminal of FIG. 9.

[0018] FIG. 12 is a flowchart illustrating the operation of
the signal processing unit of FIG. 11 for calculating the blood
pressure.

DESCRIPTION OF EMBODIMENTS

[0019] In the mobile phone terminal and the health condi-
tion monitoring system disclosed in the Japanese Laid-Open
Patent Publication No. 2010-207553, since an opening is
formed at the front side of a screen provided within the
housing, there were problems that air which drives the screen
is easy to leak, the screen may not be driven sufficiently, and
the sensitivity in the low frequency region may not be suffi-
ciently obtained.

[0020] According to an aspect of the present disclosure,
there is provided a mobile information terminal capable of
measuring a pulse wave even with an infinitesimal pressure
variation, using a microphone for communication built-in in
the mobile information terminal without being limited to the
part of a human body on which the microphone is to be
placed. According to another aspect of the present disclosure,
there is provided a mobile information terminal in which a
sensor capable of detecting the pressure variation in the low
frequency region of two sites 1s installed to detect the blood
pressure.

[0021] According to yet another aspect of the present dis-
closure, there is provided a mobile information terminal
equipped with a built-in microphone including a front port, a
diaphragm and an electrode. In the microphone, a front sur-
face side of the front port is covered with a flexible thin film
to form a front air chamber between the front port and the
diaphragm and also, a rear of the electrode is covered with a
casing to be hermetically sealed to form a rear air chamber
between the electrode and the casing, such that the pressure
variations in a low frequency region having a frequency of a
voice band or less can be detected.

[0022] According to yet another aspect of the present dis-
closure, there is provided a mobile information terminal
equipped with a built-in microphone including a front port, a
diaphragm and an electrode. In the microphone, the front side
of the front port is covered with a flexible thin film to form a
front air chamber between the front port and the diaphragm,
and at the same time, the rear side of the electrode is covered
with a casing to be hermetically sealed to form a rear air
chamber between the electrode and the casing, such that the
pressure variation may be detected in a low frequency region
having a frequency of a voice band or less. The microphone
may be provided in the mouthpiece of the mobile information
terminal as the first sensor, and at the same time, a sensor
capable of detecting the pulse wave of the finger is provided
as the second sensor in a position of the mobile information
terminal where the user is supposed to hold the housing with
the fingers. The mobile information terminal is also provided
with a signal processing unit configured to detect the time
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difference of the biometric signals detected by the first and
second sensors at the same time range.

[0023] Hereinbelow, embodiments of the present disclo-
sure will be described in detail based on specific embodi-
ments with reference to the accompanying drawings.

[0024] FIG. 1A illustrates an example of a mobile informa-
tion terminal 1 to which the present application is applied. In
the mobile information terminal 1, a display 6 is disposed at
the central part thereof, a microphone 2 is disposed below the
display 6 for sound transmission, and a speaker 7 is disposed
above the display 6 for sound producing. The reference
numeral 9 denotes a functional button.

[0025] FIG. 1B is a perspective view illustrating the con-
figuration of the microphone 2 provided in a mouthpiece of
the mobile information terminal 1 as illustrated in FIG. 1A,
and F1G. 1C illustrates the cross-section of the microphone 2
as illustrated in FIG. 1B. The microphone 2 is generally a
directional electret condenser microphone, and the outside air
vibration (sound wave) through a front port 21 disposed atthe
front end of a casing 20 causes a diaphragm 22 to vibrate such
that a gap between the diaphragm 22 and an electrode 23
varies. When the diaphragm 22 is vibrating, the capacitance
between the electrode 23 and the diaphragm 22 varies and the
capacitance variation is converted into an electrical signal. As
aresult, the sound wave is converted into an electrical signal
and the electrical signal in turn is amplified by an amplifier 29
such as an FET to be extracted outside. A back port 24 is
provided at the rear end portion of the casing 20 of the micro-
phone 2.

[0026] In the microphone 2 having the configuration as
described above, as illustrated in FIGS. 2A and 2B, the front
and rear of the microphone 2 is partitioned with a partitioning
wall 19 and, the front side of the partitioning wall 19 is
covered with a flexible thin film (hereinafter, referred to as a
flexible film) 25 to form a front air chamber 26 between the
flexible film port and the diaphragm. Further. the rear side of
the partitioning wall 19 is covered with a case 27 to be
hermetically sealed to form a rear air chamber 28 between the
electrode and the case. The partitioning wall 19 is not flexible.
The variation of outside air is transmitted to the diaphragm
through the front air chamber 26 and the front port 21. The
rear air chamber 28 becomes a space separated from the front
air chamber 26 by the partitioning wall 19 and the case 27.
[0027] Inthe microphone 2, the outside air vibration (sound
wave) reaches the diaphragm 22 along with each of the front
port 21 and the back port 24. When the frequency of sound is
low as in the ultra low frequency sound less than the audible
frequency band, the atmospheric pressure variation is slow
and thus, the atmospheric pressure variation from the front
port 21 and the atmospheric pressure variation from the back
port 24 are generated almost in phase to pressurize the dia-
phragm 22 each other from the frontward and rearward, caus-
ing the vibration of the diaphragm 22 to become smaller. As
aresult, the sensitivity of the microphone 2 is reduced. In the
present disclosure, the rear air chamber 28 is enclosed to be
sealed and separated from the front air chamber 26 and thus,
the atmospheric pressure variation through the front port 21
becomes independent from the atmospheric pressure varia-
tion through the back port 24. Therefore, even for ultra low
frequency sound, a phenomenon that the diaphragm 22 is
pressurized each other from the frontward and rearward in
phase does not happen and a phenomenon that the sensitivity
of the microphone 2 is reduced does not happen. Further, due
to the presence of the front air chamber 26, the flow rate of the
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air to be supplied to the front port 21 may be increased and the
vibration of the diaphragm 22 in the ultra low sound range
may be increased. Therefore, the pressure variation may be
detected in a low frequency region which is lower than a voice
band.

[0028] FIG. 2C illustrates an embodiment in which the
microphone 2 having a structure illustrated in FIGS. 2A and
2B is built in the mobile information terminal 1. The micro-
phone 2 provided in a mouthpiece of the mobile information
terminal 1 is used as a microphone which detects the pressure
variation of sound in a low frequency region. In the present
embodiment, the front side of the microphone 2 is attached to
the housing 10 through a separator 13. The separator 13 is
configured to prevent air from passing between the housing
10 and the microphone 2 using, for example, a packing made
of rubber or urethane. Also, in the present embodiment, a
flexible film 25a is provided at a microphone hole 12 of the
housing 10. The flexible film 25 is a thin stretchable film such
as a plastic film, and may be made of materials, such as, for
example, vinyl chloride, acrylic or polycarbonate.

[0029] A space surrounded by the flexible film 25, the hous-
ing 10, the separator 13, and a front surface of the microphone
2 corresponds to the front air chamber 26. The rear air cham-
ber 28 is formed at the rear surface side of the microphone 2
using a space within the housing 10. When the mobile infor-
mation terminal 1 is a smart phone, the speaker 7 is also
attached into the housing 10 and the air hole 14 is also dis-
posed at the front surface of the housing 10. Accordingly, in
order to hermetically seal the rear air chamber 28, the speaker
7 is attached to a circuit board 8 within the housing 10 through
the separator 13. According to the present embodiment, even
the smart phone terminal or the mobile phone terminal in
which the air hole 14 is also disposed on the part of the
speaker 7 may be able to detect the ultra low frequency sound
as well. Reference numeral 5 denotes a display.

[0030] FIG. 3A illustrates a perspective view of the mobile
information terminal 1 attached with the microphone 2
according to a specific embodiment of the present disclosure,
and FIG. 3B illustrates a partial cross-sectional view ofa part
at which the microphone 2 of the mobile information terminal
1 illustrated in FIG. 3A is installed. In the present embodi-
ment, the microphone 2 is installed on a part of the housing 10
which corresponds to a further end portion side than the
functional buttons 9 of the mobile information terminal 1. The
microphone 2 having the structure illustrated in FIG. 1C is
used as the microphone 2, and the casing 20 of the micro-
phone 2 is embedded into the housing 10. Accordingly, the
flexible film 25 attached to the upper side of the front port 21
is exposed to the upper surface 10F of the housing 10. The
surface of a flexible film 25 is bulged out from the upper
surface 10F of the housing 10 and is adapted to be easily
adhered to ahuman body. A space between the flexible film 25
and the front port 21 corresponds to the front air chamber 26.
The case 27 which forms the rear air chamber 28 of the
microphone 2 is the housing 10 of the mobile information
terminal 1 in the present embodiment. Further, although not
illustrated, a gap between the functional button 9 of the
mobile information terminal 1 and the upper surface 10F of
the housing 10 is adapted to be hermetically maintained.
[0031] FIG.4A is a perspective view illustrating the mobile
information terminal 1 attached with the microphone 2
according to another embodiment of the present disclosure,
and FIG. 4B is a longitudinal cross-sectional view of the
mobile information terminal illustrated in FIG. 4A. In the
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present embodiment, a flexible film is not attached to the front
air chamber 26, and an annular projection part 11 is disposed
around the microphone hole 12. The annular projection part
11 is formed of a flexible material such as rubber or urethane.
In the present embodiment, the annular projection part 11 is
allowed to directly contact with a target object for detection
such as the skin of a human body B illustrated with the
two-dotted chain line, such that an air chamber is configured
by the annular projection part 11 and the subject, resulting in
the front air chamber 26. Other structure is the same as that of
the mobile information terminal 1 of the embodiment illus-
trated in FIG. 2C and thus, the same reference numerals are
given to the same element members and the descriptions
thereof will be omitted.

[0032] According to the embodiments illustrated in FIGS.
4A and 4B, since the front air chamber 26 is hermetically
sealed against outside air due to the contact of the annular
projection part 11 and the target object, the rear air chamber
28 may not necessarily be hermetically sealed. That is, when
the annular projection part 11 is disposed around the air hole
14 disposed at the front side of the annular projection part 11,
and the annular projection part 11 around the air hole 14 is
allowed to directly contact with a target object for detection
such as the skin ofthe human body B at the time of measuring,
it would not cause any problem even if the separator 13 is not
provided in the speaker 7. According to the present embodi-
ment, in terms of detecting the vibration waveforms, such as
the heartbeat or the breathing in a state where the object which
is vibrating can be directly touched, the detection of vibration
waveforms may be implemented with a configuration simpler
than the embodiment 1 described above.

[0033] FIG. 5A is a perspective view of the mobile infor-
mation terminal illustrating an embodiment where a pulse
wave detection sensor 3 is provided on a position on which the
fingertip of a thumb T is placed when the mobile information
terminal 1 illustrated in FIG. 3A is held by the left hand H of
a user. When the mobile information terminal 1 is held by the
left hand H of a user, the position on which the thumb T is
placed corresponds to a left side surface 1L of the housing 10
and thus, the pulse wave detection sensor 3 is installed at the
left side surface 1L. The microphone 2 having the same
configuration as the microphone 2 described with respect to
FIG. 3B may be used as the pulse wave detection sensor 3, but
an infrared sensor 5 using infrared ray as illustrated in FIG.
5B may be used as well, instead of the microphone 2. The
infrared sensor 5 includes a light emitting element 51 pro-
vided with an LED which corresponds to a light source and a
light receiving element 52. The pulse wave detection sensor 3
may be provided at a right side surface.

[0034] FIG. 5C is an explanatory view illustrating opera-
tions of an infrared sensor Se which is a pulse wave detection
sensor which is an infrared sensor Se illustrated in FIG. 5B.
The light emitting element 51 and the light receiving element
52 are provided on a circuit board 50. Infrared ray light is
irradiated from the light emitting element 51 toward the
human body B and the reflected light from the human body B
is received by the light receiving element 52. The flow rate of
blood “A” flowing through the artery 53 changes with the
heartbeat from the heart, and a part of the artery 53 where a
large amount of blood flows is dilated. Hemoglobin HG is
present in blood “A” flowing through the artery 53, and has a
characteristic to absorb the light that was introduced from the
light emitting element 51. Therefore, it is possible to detect
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the quantity of the reflected light by the light receiving ele-
ment 52 in a time sequence to acquire a pulse wave flow.
[0035] Here, the wavelength appropriate for identifying the
degree of light absorption in hemoglobin corresponds to the
near infrared wavelength region of 700 nm to 900 nm. In the
near infrared wavelength region, the light absorption by water
or hemoglobin or other living organism compound is small
and thus light easily passes through the living organism. In the
meantime, the wavelength used in the IrDA infrared commu-
nication device provided in the mobile phone is similarly near
infrared wavelength region of 850 nm to 900 nm. However,
the light emitting element and light receiving element accord-
ing to IrDA method is formed in an module structure opti-
mized for IrDA infrared communication device, but is not
formed in a structure where the light is emitted to a living
organism and reflected from blood in blood vessels to be
received. Therefore, the light emitting element and light
receiving element according to an IrDA method may not
detect the pulse wave. Accordingly, an IrDA infrared sensor
may not be used as a sensor to see a pulse wave. The infrared
sensor 5 which is a pulse wave detection sensor is separately
provided from an infrared sensor used for an IrDA infrared
communication device.

[0036] The mobile information terminal 1 equipped with
two pulse wave detection sensors 2, 3 as illustrated in FIG. 5A
is used such that the pulse wave of a part of a human body on
which the pulse wave detection sensor 2 of the mobile infor-
mation terminal 1 is placed and a pulse wave of the thumb T,
that is, two pulse waves of the parts of human body spaced
apart from each other, may be detected. Also, when the parts
of human body spaced apart from each other can be mea-
sured, the blood pressure may be computed and obtained by
obtaining the time difference in detection between the
detected pulse waves.

[0037] FIG. 6A is a view illustrating an example when the
mobile information terminal 1 illustrated in FIG. 5A is held
by the left hand H of a user and the mouthpiece is placed on
the chest to measure the blood pressure, and FIG. 6B is a view
illustrating an example when the mobile information terminal
1illustrated in FIG. 5A is held by the left hand H of a user and
the mouthpiece is placed on the neck to measure the blood
pressure. In these examples, the thumb T is needed to be
placed on the pulse wave detection sensor 3 disposed on the
left side surface 1L of the mobile information terminal 1, and
the mouthpiece is needed to be placed on a position where the
pulse wave of the human body B can be detected.

[0038] FIG. 7is a diagram illustrating the configuration of
a circuit measuring the blood pressure in the mobile informa-
tion terminal 1 illustrated in FIG. 5A. The outputs of the first
sensor (microphone) 2 and the second sensor (infrared sen-
sor) 5 are input to the signal processing unit 4. The signal
processing unit 4 computes the blood pressure based on the
time difference in detection between pulse wave signals input
from two sensors 2, 3 and displays a blood pressure level
obtained by computation on the display 6. The second sensor
may be the microphone 2 as well.

[0039] FIG. 8is a flowchart illustrating the operation of the
signal processing unit 4 illustrated in FIG. 7 for calculating
the blood pressure. When measuring starts, pulse wave data is
input from the first sensor and the second sensor at step 801.
Data input may be made regardless of whether data is input in
real time or by reading the buffered data. At step 802, the
signal processing unit 4 calculates the time difference
between the waveforms of data from the first sensor and the
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second sensor. The time difference between the waveforms of
data may be calculated by comparing the feature points of a
waveform, for example, peaks or zero crossing points
between two data. Further, the time difference may be
obtained based on a timing at which the value of signal is
reduced from the peak of the waveform of data by a certain
ratio. For example, the time difference may be calculated
based on a time point which corresponds to 50% ofamplitude
from an upper peak to a lower peak.

[0040] Also, at step 803, the signal processing unit 4 cal-

culates the parameter of the cardiovascular system obtained

based on the calculated time difference. For example, when

the first sensor (microphone of the mouthpiece) detects a

pulse wave at a position in the vicinity of the heart and the

second sensor detects a pulse wave in the fingertip of the
thumb, the time it takes for blood pumped out of the heart to
reach the fingertip of the thumb may be determined. There-
fore, the parameters correlated to the blood pressure may be
calculated. Finally, the signal processing unit 4 outputs the
parameter of the cardiovascular system (blood pressure level)
calculated at step 804 on a display provided on the mobile
information terminal, and the process routine ends. Further,
the calculated parameter of the cardiovascular system (blood
pressure level) may be transmitted to other medical equip-
ment via radio waves from the mobile information terminal.

[0041] Further, a method for obtaining the blood pressure

from the change of pulse wave arrival time between two

points of human body is described in the following reference

literature 1.

[0042] (Reference literature 1) W. Chen, T. Kobayashi, S.
Ichikawa, Y. Takeuchi, T. Togawa, “Continuous estimation
of systolic blood pressure using the pulse arrival time and
intermittent calibration,” Medical & Biological Engineer-
ing & Computing vol. 3, pp. 569-574, 2000.

[0043] According to the reference literature 1, the blood

pressure Pb of the reference state and the arrival time Tb is

obtained in advance and then, the blood pressure Pe may be
calculated using a change ratio AT of an arrival time to the
arrival time Tb (see formula (10) of the of reference literature

1). According to the reference literature 1, the blood pressure

Pe may be obtained in such a manner that the time difference

calculated at step 802 of FIG. 8, that is, the arrival time is set

to T, and the change of the arrival time AT is set as AT=T-Th,
and the formula (10) of the of reference literature 1 is used at

step 803.

[0044] FIG. 9 is a perspective view of the mobile informa-

tion terminal illustrating an embodiment where the blood

pressure is obtained using only the pulse wave detection
sensor 2 in the mobile information terminal 1 equipped with
the pulse wave detection sensors 2, 3 illustrated in FIG. 5A
and thus, the pulse wave detection sensor 3 is omitted. For
example, when the waveform of the pulse wave of a position

of a human body on which the pulse wave detection sensor 2

of the mobile information terminal 1 is placed is used in an

algorithm of obtaining the blood pressure from the waveform
of the pulse wave according to Japanese Laid-Open Patent

Publication No. 2002-320593, the blood pressure may be

obtained with only the pulse wave by the first sensor (micro-

phone of the mouthpiece) and thus, the second sensor
becomes unnecessary.

[0045] FIG. 10A is a view illustrating an example when the

mobile information terminal 1 illustrated in FIG. 9 1s held by

the left hand H of a use and the mouthpiece is placed on the
chest to measure the blood pressure, and FIG. 10B is a view
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illustrating an example when the mobile information terminal
illustrated 1 in FIG. 9 is held by the left hand H of a user and
the mouthpiece is placed on the neck to measure the blood
pressure. In these examples, as opposed to the embodiments
illustrated with respect to FIGS. 6A and 6B, the position of
the thumb becomes free.

[0046] FIG.11isadiagram illustrating the configuration of
a circuit measuring the blood pressure in the mobile informa-
tion terminal 1 illustrated in FIG. 9. The output of the pulse
wave detection sensor (first sensor; microphone) 2 is input to
the signal processing unit 4. The signal processing unit 4
computes the blood pressure based on a signal waveform of
pulse wave signal input from the pulse wave detection sensor
2 and displays the blood pressure level obtained by compu-
tation on the display 6.

[0047] FIG. 12 is a flowchart illustrating the operation of
the signal processing unit 4 illustrated in FIG. 11 for calcu-
lating the blood pressure. When measuring starts, the pulse
wave data is input from the first sensor (pulse wave detection
sensor) at step 1201. Data input may be made regardless of
whether data is input in real time or by reading the buffered
data. At step 1102, the signal processing unit 4 calculates the
parameter of the cardiovascular system from waveforms of
data from the first sensor based on a specific algorithm deter-
mined in advance. Data from the first sensor is a pulse wave
data, and the blood pressure may be calculated from the
waveforms of the pulse wave data by the specific algorithm.

[0048] Finally, the signal processing unit 4 outputs the
parameter of the cardiovascular system (blood pressure level)
calculated on a display provided on the mobile information
terminal at step 1203, and the process routine ends. Further,
the calculated parameter of the cardiovascular system (blood
pressure level) may be transmitted to other medical equip-
ment via radio waves from the mobile information terminal.

[0049] Here, a method for obtaining the blood pressure
from change of pulse wave arrival time at one point of the
human body is described in the Japanese Laid-Open Patent
Publication No. 2002-320593

[0050] According to an artery blood pressure measurement
method described in the reference literature 2, it is possible to
calculate the maximum blood pressure and the minimum
blood pressure from artery waveforms and differential artery
waveforms produced by differentiating the artery waveforms,
as described hereinbelow.

[0051] The zero crossing point computational process is
performed for obtaining one period of time T of the artery
differential waveform in each heartbeat, the time Ta from a
Zero crossing point corresponding to the minimum of the
artery waveform to a zero crossing point corresponding to the
maximum of the artery waveform, and the time Tb produced
by subtracting the time Ta from the time T, using the zero
crossing point of the differential artery waveform for each
heartbeat. In the blood pressure computational process, the
number of pulses during one minute “n” is obtained using an
equation n=(60/T) using values ofthe time T, time Ta and time
Tb obtained by the zero crossing point computational pro-
cess. The maximum blood pressure Ph for each heartbeat is
calculated from a relative equation {Ph*n=-A*LOG
(Ta*Th)-B}, where A and B are integers and LOG is a nota-
tion for a common logarithm, and the minimum blood pres-
sure Pl for each heartbeat is calculated from a relative
equation {n*n/PI=C*(Tb*Tb)D}, where C and DB are inte-
gers.
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[0052] As described above, in the present disclosure, the
flexible film which does not let air pass through is installed to
cover the front air chamber of the microphone of the mobile
information terminal and thus, the vibration of the fingers
tightly contacted to the flexible film is converted into a pres-
sure change of air inside the front air chamber by the flexible
film. Also, the microphone detects the pressure change in air
transferred from the front air chamber and it becomes pos-
sible to detect a pulse. Also, the microphones are installed on
the front surface and one side surface of the mobile informa-
tion terminal, such that the blood pressure may be detected by
the mobile information terminal when one of the micro-
phones is placed on and tightly contacted to the carotid arter-
ies and the other of the microphones is placed on and tightly
contacted to the fingers. Further, the pulse wave may be
detected at the fingertip of the thumb even if the infrared
sensor is installed instead of the microphone installed at the
side surface of the housing of the mobile information termi-
nal.

[0053] Further, when an algorithm is used for obtaining the
blood pressure from the waveform of the pulse wave at one
position of the human body, such a microphone is needed to
be installed only one site of the mobile information terminal
in order to detect the blood pressure.

[0054] Further, similarly to the mobile information termi-
nal 1 illustrated in FIG. 5A, the mobile information terminal
1 in which the pulse wave detection sensor 3 is provided on
the position on which the fingertip of the thumb T is placed is
able to detect the blood pressure with the pulse wave detection
sensor 3 by using the algorithm of obtaining the blood pres-
sure from the waveform of the pulse wave at one position of
the human body. That is, it is possible to detect the blood
pressure by the pulse wave detection sensor 3 located at the
position on which the fingertip of the thumb T is placed while
communicating by holding the mobile information terminal 1
by the left hand H.

[0055] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiment(s) of
the present invention has (have) been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. A mobile information terminal comprising:

a directional microphone provided with a front port, a

diaphragm and an electrode,

wherein the microphone includes a front air chamber

formed between a flexible thin film which covers an
opening of the front port and the diaphragm, and a rear
air chamber formed between a case and the electrode by
hermetically covering a rear of the electrode with the
case.

2. The mobile information terminal according to claim 1,
wherein the case is the mobile information terminal of claim
1, and the case adopts an hermetical structure against outside
air.

3. The mobile information terminal according to claim 2,
further comprising:
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a sensor provided in the case; and
a signal processing unit configured to detect a time differ-
ence between biometric signals detected at the same
time zone by the directional microphone and the sensor.
4. The mobile information terminal according to claim 3,
wherein the signal processing unit calculates a blood pressure
level of auser of the mobile information terminal based on the
time difference between the detected biometric signals.
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