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DEVICE AND METHOD FOR PULSE
DIAGNOSIS MEASUREMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/683,626 filed on Jun. 11, 2018,
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a pulse diagnosis
of an organism, and more particularly, to a device and a
method for a pulse diagnosis measurement.

2. Description of the Prior Art

[0003] When a pulse diagnosis device or an electronic
blood pressure monitor is used for measuring a blood
pressure wave of an organism (e.g., a human or another
animal) or for performing a pulse diagnosis, a tourniquet is
touched to a position of a pulse for performing the mea-
surement to understand a physiological condition of the
organism. However, accuracy of the measurement is affected
by the tourniquet, especially when it is needed to measure
harmonics of the blood pressure wave with high accuracy.
Quality of the tourniquet has a major impact. Thus, design
of a proper tourniquet is an important problem to be solved.
[0004] In the prior art, a pressure of the tourniquet is
increased until the pressure is greater than a systolic blood
pressure to block a blood flow of an arterial, and the pressure
of the tourniquet is decreased until a Korotkoff sound (e.g.,
corresponding samples of the Korotkoff sound in an elec-
tronic blood pressure monitor) exists, such that the systolic
blood pressure and a diastolic blood pressure can be
obtained. Not only more time is needed for completing the
measurement, but also the accuracy of the measurement is
reduced due to that the blood flow of the arterial is blocked
and the arterial is affected. Thus, performing a proper pulse
diagnosis is also an important problem to be solved.

SUMMARY OF THE INVENTION

[0005] The present invention therefore provides a device
and a method for a pulse diagnosis measurement to improve
a pulse diagnosis of an organism to solve the abovemen-
tioned problem.

[0006] A pulse diagnosis measurement device comprises a
sensing device, for sensing a blood pressure wave of an
organism, to generate a pulse signal; a pulse-holding device,
for applying a pressure on a pulse of the organism, wherein
the pulse-holding device has a first elasticity coeflicient, the
first elasticity coeflicient is corresponding to a first fre-
quency of a first harmonic of the blood pressure wave, and
the first harmonic is a first integer harmonic or a first
fractional harmonic; and a processing device, for generating
pulse diagnosis information of the first harmonic according
to the pulse signal.

[0007] A method of pulse diagnosis measurement com-
prises applying a pressure to a pulse of an organism via a
pulse-holding device; sensing a blood pressure wave of the
organism via a sensing device, to generate a first pulse
signal; computing a pulse pressure according to the first
pulse signal; continuing adjusting the pressure of the pulse-
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holding device until the pulse pressure is not increased, at
which time the pressure has a most suitable pressure value;
and sensing the blood pressure wave according to the most
suitable pressure value, to generate a second pulse signal.

[0008] A pulse diagnosis measurement device comprises a
sensing device, for sensing a blood pressure wave of an
organism, to generate a first pulse signal; a pulse-holding
device, for applying a pressure to a pulse of the organism;
and a processing device, for calculating a pulse pressure
according to the first pulse signal, for continuing adjusting
the pressure of the pulse-holding device until the pulse
pressure is not increased, at which time the pressure has a
most suitable pressure value, and for sensing the blood
pressure wave according to the most suitable pressure value,
to generate a second pulse signal.

[0009] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic diagram of a pulse diagnosis
measurement device according to an example of the present
invention.

[0011] FIG. 2 is a correspondence table of harmonics of
frequencies and human meridians according to an example
of the present invention.

[0012] FIG. 3 is a correspondence table of frequencies of
harmonics and pressure-strain modulus according to an
example of the present invention.

[0013] FIG. 4 is a correspondence table of frequencies of
harmonics and pressure-strain modulus according to an
example of the present invention.

[0014] FIG. 5 is a schematic diagram of a pulse diagnosis
measurement device according to an example of the present
invention.

[0015] FIG. 6 is a flowchart of a pulse diagnosis measure-
ment method according to an example of the present inven-
tion.

[0016] FIG. 7 is a correspondence table of frequencies of
harmonics {(*2") and a time interval T according to an
example of the present invention.

[0017] FIG. 8 is a flowchart of a pulse diagnosis analysis
method according to an example of the present invention.

DETAILED DESCRIPTION

[0018] FIG. 1 is a schematic diagram of a pulse diagnosis
measurement device according to an example of the present
invention. In FIG. 1, a pulse diagnosis measurement device
100 may be a pulse diagnosis device, an electronic blood
pressure monitor, a finger diagnosis device or other blood
pressure wave measurement device. As shown in FIG. 1, the
pulse diagnosis measurement device 100 includes a sensing
device 110, for sensing a blood pressure wave of an organ-
ism (e.g., a human or another animal), to generate a pulse
signal. The pulse diagnosis measurement device 100 further
includes a pulse-holding device 120, for applying a pressure
on a pulse of the organism, to facilitate the sensing device
110 to sense the blood pressure wave. For example, the
pulse-holding device 120 may be a tourniquet. When a
position of the pulse is a wrist, an arm, a finger or a neck,
the tourniquet can enclose the pulse to apply a pressure. For
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example, the pulse-holding device 120 may be designed as
a clip for performing a measurement by clamping the pulse,
e.g., a finger diagnosis device, which can perform the
measurement by clamping a finger tip. For example, the
pulse-holding device 120 may include an elastic material
such as elastic cloth and is made as an elastic wearable
device, e.g., a finger cot, a watch, a bracelet, a wristband, an
armband, an ankle ring, a headscarf or a collar, to sense the
pulse at different parts of a body. In one example, the sensing
device 110 is a pressure sensor such as a piezoelectric
element, to sense a pressure, and the sensed pressure can be
converted into an electronic signal. The sensing device 110
can contact the position of the pulse, and the pulse-holding
device 120 applies a pressure on a top of the sensing device
110, such that the sensing device 110 can accurately sense
beats of the pulse. In another example, the sensing device
110 is a pressure sensor and the pulse-holding device 120 is
an inflatable cuff or bag. The sensing device 110 may be
inflated or deflated to adjust a pressure on the pulse. The
sensing device 110 is coupled to the pulse-holding device
120, to sense a change of an internal air pressure of the
pulse-holding device 120 caused by beats of the pulse.
Operation of this type of the pulse-holding device 120 is
known by those skilled in the art, and is not repeated herein.
In another example, the sensing device 110 is a photopl-
ethysmography (PPG) module including a light emitting
diode (LED) and a photo detector (not shown). A change of
a blood volume can be detected via a photoelectric means
when beats of the pulse occur, so as to measure the blood
pressure wave. The pulse-holding device 120 secures the
PPG module to the position of the pulse, and provides an
effect of resonance with the pulse.

[0019] The pulse diagnosis measurement device 100 fur-
ther includes a processing device 130 for performing a
signal processing on the pulse signal generated by the
sensing device 110, such as a Fourier transform, to generate
pulse diagnosis information. According to a theory of a
Fourier analysis or the Fourier transform, any periodic wave
in a time domain can be converted into harmonics (or
harmonic components) in a frequency domain. Since the
blood pressure wave can be regarded as a periodic wave, the
processing device 130 can perform the Fourier transform on
the pulse signal which is obtained by the sensing device 110
sensing the blood pressure wave, to generate harmonics of
the blood pressure wave. The pulse diagnosis measuring
device 100 is designed to obtain accurate information of
specific harmonics by measuring the blood pressure wave.
That is, the pulse diagnosis measuring device 100 can
accurately measure one or some specific harmonics of the
blood pressure waves. To accurately measure a specific
harmonic, the pulse-holding device 120 should have specific
physical conditions to resonate with the specific harmonic.
Specifically, the pulse-holding device 120 (such a tourni-
quet) may oscillate (e.g., vibrate) with beats of the pulse,
when measuring the blood pressure wave. Thus, the pulse-
holding device 120 should have an appropriate elasticity
coeflicient to oscillate to fully match relaxation and con-
traction of the pulse. If the elasticity coeflicient is too small
or too large, the pulse-holding device 120 may be too soft or
too hard, which results that no data is generated or damping
is too high. As a result, an inaccurate measurement result is
obtained. For example, a pulse diagnosis measurement
device using a pressure sensor cannot measure variation of
pressure accurately due to an inappropriate elasticity coef-
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ficient of the pulse diagnosis measurement device. A pulse
diagnosis measurement device using a PPG technique can-
not measure volume variation of light accurately caused by
relaxation and contraction of a blood vessel due to an
inappropriate elasticity coeflicient of the pulse diagnosis
measurement device. Furthermore, a harmonic of a higher
frequency needs a larger elasticity coeflicient to achieve a
resonance, o as to obtain accurate harmonic information.
Conversely, a harmonic of a lower frequency needs a smaller
elasticity coeflicient to achieve the resonance. In other
words, an elasticity coeflicient of the pulse-holding device
120 has a specific correspondence with a frequency of a
harmonic to be measured. It can also be said that the
elasticity coefficient of the pulse-holding device 120 is
selected or determined according to the frequency of the
harmonic to be measured. For example, the pulse-holding
device 120 has a first elasticity coeflicient corresponding to
a first frequency of a first harmonic of the blood pressure
wave. The processing device 130 can process a measured
pulse signal (including its Fourier transform), to generate
pulse diagnosis information of the first harmonic. The first
harmonic may be a first integer harmonic or a first fractional
harmonic. It should be noted that in the present specification,
the first harmonic and the second harmonic are simply
general terms for harmonics to distinguish with each other,
and are not specifically referred to the first harmonic and the
second harmonic in the signal analysis theory. In general, an
amplitude of an integer harmonic of a blood pressure wave
decreases as a frequency of the integer harmonic increases.
Thus, it is difficult to measure an integer harmonic of a high
frequency accurately. In addition, it is difficult to measure a
fractional harmonic of a low frequency. Therefore, it is
extremely important to determine elasticity coefficients of
the pulse-holding device 120 for the harmonics difficult to be
measured.

[0020] In one example, an elasticity coefficient of the
pulse-holding device 120 is adjustable or switchable. For
example, the pulse-holding device 120 can be switched to
have a second elasticity coeflicient different from the first
elasticity coefficient. The second elasticity coeflicient may
be corresponding to a second frequency of a second har-
monic of the blood pressure wave. The second harmonic
may be a second integer harmonic or a second fractional
harmonic.

[0021] The processing device 130 processes a measured
pulse signal to generate pulse diagnosis information of the
second harmonic. In other words, the elasticity coeflicient of
the pulse-holding device 120 can be adjusted in response to
the frequency of the harmonic to be measured. Specifically,
the second elasticity coeflicient is greater than the first
elasticity coefficient, when the second frequency of the
second harmonic is greater than the first frequency of the
first harmonic. It should be noted that a correspondence
between an elasticity coefficient and a frequency of a har-
monic may not be one-to-one, and an elasticity coefficient
may be corresponding to a frequency band. In other words,
the pulse-holding device 120 of a same elasticity coefficient
can be suitable for measuring harmonics of a specific
frequency band. Therefore, whether the elasticity coefficient
of the pulse-holding device 120 needs to be adjusted
depends on whether the frequency of the harmonic to be
measured falls within the frequency band in which the
elasticity coefficient is suitable for performing a measure-
ment. In one example, the pulse-holding device 120 includes
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a plurality of tourniquets for adjusting or switching an
elasticity coefficient. For example, the tourniquets can be
used separately when the tourniquets have different elastic-
ity coefficients, or several tourniquets can be connected in
series or in parallel to produce different elasticity coeffi-
cients.

[0022] In one example, when the first harmonic is a first
integer harmonic, the first frequency of the first harmonic is
n times the fundamental frequency (i.e., heart rate) of the
blood pressure wave, where n is an integer and 1=n<10. In
this example, the first elasticity coeflicient is corresponding
to a pressure-strain modulus Ep. When the fundamental
frequency of the blood pressure wave is f Hz, 0.8<f<1.5, the
first elasticity coefficient is not smaller than 3.5%10° dyn/
em’, or the first elasticity coefficient is not smaller than
3.5%10° dyn/cm? and not lager than 9.82%10° dyn/cm?.

[0023] In hemodynamics, the pressure-strain modulus Ep
is used for representing an elasticity coeflicient of a blood
vessel, which is defined as Ep=AP*R /AR, where Ep is in
aunit of dyn/cm?, R,, is a radius of the blood vessel, and AR,
is a length difference compared with R,, and AP is the
amount of change of a pressure. The above equation can be
rewritten as Ep=AP/(AR/R,), and AR,/RO is the length
difference per unit radial length. Thus, Ep can be regarded
as a radial elasticity coeflicient of the blood vessel. Further-
more, AP is a pressure applied by harmonics and AR, is a
change of a radial length caused by the pressure, if the blood
pressure wave is decomposed into the harmonics. In other
words, each harmonic has its corresponding pressure-strain
modulus Ep. Therefore, a better resonance with the blood
vessel can be obtained, and a more accurate measurement
result can be obtained, if the first elasticity coeflicient of the
pulse-holding device 120 can be matched to the pressure-
strain modulus Ep of each harmonic. In other words, in this
example, the first elasticity coeflicient of the pulse-holding
device 120 is used for measuring a relation between a radial
stress and a radial strain. For example, the radial elasticity
coeflicient can be calculated, when the pulse-holding device
120 is a tourniquet which surrounds the pulse position (e.g.,
a wrist, an arm, a finger, etc.) to form a circle or an arc. A
circle or an arc is formed when the pulse-holding device 120
is worn, if the pulse-holding device 120 is made into a
wearable device such as a finger cot, a watch, a bracelet, a
wristband, an armband, a foot ring, a headscarf or a collar,
and a radial elasticity coefficient can be calculated. For
another example, the portion of two ends of a clip contacting
to an organism can be regarded as an arc, when the pulse-
holding device 120 is the clip, and a radial elasticity coef-
ficient can be also calculated. Thus, the numerical range of
the first elasticity coeflicient as mentioned above includes
numerical values of a radial elasticity coeflicient suitable for
measuring a n-order integer harmonic (1<n<10).

[0024] In one example, when the first harmonic is a first
fractional harmonic, the first frequency of the first harmonic
is n times the fundamental frequency of the blood pressure
wave, where n is a fraction and 0<n<1. In this example, the
first elasticity coeflicient is corresponding to a pressure-
strain modulus Ep. When the fundamental frequency of the
blood pressure wave is f Hertz, 0.8<f<1.5, the first elasticity
coefficient is not smaller than 0.16*10° dyn/cm? and is not
greater than 3.5%10° dyn/cm®. This example shows that not
only the integer harmonic but also the fractional harmonic of
the lower frequency have their applicable range of radial
elasticity coefficients.
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[0025] 1In one example, the pulse diagnosis measurement
device 100 is used for measuring the harmonic of the
fundamental frequency of the blood pressure wave of the
human body and harmonics of frequencies of n times the
fundamental frequency (there are a total of 10 integer
harmonics, where n=1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and n=1 is
the harmonic of the fundamental frequency) and 10 frac-
tional harmonics of frequencies below the fundamental
frequency (i.e., 15, V4, 14, Yis, Va2, Yea, Vizs, Vass, Ys12, Yiooa
times of the fundamental frequency), which can be
expressed as ¥4"'-th harmonics, where m=1, 2, 3, 4, 5, 6, 7,
8, 9, 10. The twenty harmonics are corresponding to the
twelve standard meridians and the eight extraordinary
meridians, respectively, described in a theory of Chinese
medicine, as shown in FIG. 2. FIG. 2 includes correspon-
dence tables 20 and 22. The correspondence table 20 shows
the meridians corresponding to the 10 integer harmonics
above the fundamental frequency (inclusive). The corre-
spondence table 22 shows the meridians corresponding to
the 10%2™-th harmonics. Each harmonic can display an
energy state of a corresponding meridian, which has physi-
ological significance and pathological significance. Thus,
the pulse diagnosis measurement device 100 greatly helps
the analysis and diagnosis of Chinese medicine by measur-
ing these harmonics of the human body. FIG. 3 is a corre-
spondence table 30 of the twenty harmonics and elasticity
coeflicients of the pulse-holding device 120, wherein a umt
of the elasticity coefficient is dyn/cm®. After determining a
frequency range (i.e., frequency group of the harmonic)
belonged to a frequency of a harmonic to be measured, the
pulse-holding device 120 can be switched to a correspond-
ing elasticity coefficient according to the correspondence
table 30, to perform the measurement. Compared with a
conventional measurement device where an elasticity coef-
ficient needed for a tourniquet part is not considered, this
method can improve the accuracy of the measurement. FIG.
4 is another correspondence table 40 of the twenty harmon-
ics and elasticity coeflicients of the pulse-holding device
120, wherein the unit of the elasticity coeflicient is also
dyn/cm®. Compared with the correspondence table 30, the
correspondence table 40 simplifies the number of groups of
frequencies of harmonics, which simplifies a design of the
pulse-holding device 120. It should be noted that the cor-
respondence tables in FIG. 3 and FIG. 4 are only for
exemplifying the present invention, and a scope of the
present invention is not limited hereto.

[0026] In another example, since different organisms have
different numbers of meridians, values of n and m described
above may be adjusted according to the organism to be
measured, to measure n integer harmonics and m fractional
harmonics of the organism. As for elasticity coefficients of
the pulse-holding device 120 corresponding to these har-
monics, those skilled in the art can evaluate and select the
elasticity coeflicients by referring to the pressure-strain
modulus Ep of the blood vessel of the organism, according
to the examples of the present invention.

[0027] It should be noted that those skilled in the art are
familiar with the fact that elasticity coeflicients may change
slightly due to various factors. Therefore, the scope of the
present invention is not limited to the specific ranges of the
abovementioned elasticity coeflicients, but includes an
adjustment space. For example, the upper limit and the
lower limit of the range of values may be adjusted from 10%
to 20%. In addition, the range of the fundamental frequency
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of the blood pressure wave mentioned above may have an
adjustment space according to actual situations. For
example, the upper limit and the lower limit of the frequency
range may allow an adjustment of 10% to 20%.

[0028] The present invention also provides a method of
designing the pulse-holding device 120. According to the
above description, in order to accurately measure the har-
monics of different frequencies of the blood pressure wave,
the pulse-holding device 120 needs to have matched reso-
nance conditions, wherein the matched elasticity coeflicient
of the pulse-holding device 120 is the most critical one. One
of main factors for determining the elasticity coeflicient is a
material used for the pulse-holding device 120, particularly
a portion contacted to the organism (such as the pulse and its
surrounding area). Thus, in one example, an appropriate
pulse-holding material is determined based on a result of the
Fourier analysis of the blood pressure wave. Specifically, the
blood pressure wave is measured by using the pulse-holding
device 120 made of a certain material, and amplitudes of
harmonics of the blood pressure wave are obtained by using
the Fourier analysis and are recorded. Then, the pulse-
holding device 120 made of various materials (or mixed
materials) repeats the processes described above, and per-
formances of the materials when measuring the harmonics
can be compared. For a specific harmonic, the larger the
amplitude, the elasticity coeflicient of the material is to
cause the pulse-holding device 120 to generate a greater
resonance with the harmonic, and thus the more suitable for
measuring the harmonic. Thus, for a specific harmonic, a
material capable of generating a maximum amplitude of the
harmonic can be selected to make the pulse-holding device
120. In another example, a maximum area of the harmonic
can be used for selecting the appropriate pulse-holding
material. An area of a harmonic here refers to an area
covered by a waveform of one or more periods of the
harmonic. Thus, the maximum area of the harmonic is used
as a reference standard. That is, in the measurement process,
the maximum areas that can be generated by harmonics of
different frequencies under different pulse-holding materials
are compared to select a pulse-holding material that can
generate the maximum area of the harmonic at a specific
frequency/band.

[0029] In one example, if the blood pressure wave is
measured by the pulse-holding device 120 being gently
pressed on the arterial, a pulse-holding material is selected
according to the maximum amplitude of the harmonic. In
this situation, when a harmonic has the largest amplitude, the
most suitable measurement state is achieved, and at this time
the pressure of the pulse-holding device 120 is the diastolic
blood pressure. In another example, if the blood pressure
wave is measured by the pulse-holding device 120 of an
inflatable type being pressed on the arterial, the pulse-
holding material is selected according to the maximum area
of the harmonic. In this situation, when a harmonic has the
largest area, the most suitable measurement state is
achieved, and at this time the pressure of the pulse-holding
device 120 is the diastolic blood pressure.

[0030] In addition to the pulse-holding material described
above, the factor of determining the elasticity coeflicient of
the pulse-holding device 120 may also include an external
form of the pulse-holding device 120. For example, if the
pulse-holding device 120 is a tourniquet, even with the same
material, an elasticity coeflicient of the tourniquet enclosing
one circle is different from an elasticity coeflicient of the
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tourniquet enclosing two circles (enclosing two circles is
equivalent to connecting two tourniquets with the same
material in parallel). For another example, an elasticity
coeflicient of the tourniquet made into a mesh is different
from an elasticity coeflicient of the tourniquet with a solid
form with the same material. However, one of main features
of the present invention, i.e., when designing a pulse-
holding device, it is possible to generate a matched radial
elasticity coeflicient corresponding to a pressure-strain
modulus of a blood vessel (which varies with frequencies of
different harmonics). In other words, there should be a
suitable correspondence between the frequency of a har-
monic to be measured and the elasticity coefficient of the
pulse-holding device. No matter which material or which
external form is used by the pulse-holding device, if the
correspondence is ignored, problems occur when measuring
a certain harmonic such as an integer harmonic of a high
frequency or a fractional harmonic ofa low frequency. Thus,
as long as those skilled in the art keep the main feature, a
pulse-holding device with a matched elasticity coefficient
can be designed according to practical applications, without
being limited to the material and the external form described
above. For example, for practical applications, due to dif-
ferent depths of pulses within the body, different measured
parts of an organism may have different dampings. A pulse
from a superficial part, such as a finger or a wrist, has a lower
damping, while a pulse covered by thicker tissue of the
organism, such as an arm, has a higher damping. Thus, when
measuring a part with a higher damping, a lighter material
can be selected to reduce the damping. In addition, due to a
longer wavelength, a low-frequency harmonic is not easily
affected by tissue of the organism. Thus a suitable measured
part can be selected according to the frequency of a har-
monic to be measured.

[0031] To accurately measure a blood pressure wave and
its harmonics of different frequencies, a pulse-holding
device may need to have suitable resonance conditions. In
addition to the most critical matched elasticity coefficients
described above, the resonance conditions also include a
suitable pressure applied by the pulse-holding device to a
pulse. The harmonics are difficult to be measured accurately,
if one of the following situations happens: the pressure is too
small to form a resonance, and the pressure is too large and
is larger than a diastolic blood pressure. Thus, the present
invention provides an example for another pulse diagnosis
measurement device, which may dynamically adjust a pres-
sure of the pulse-holding device to change a resonance
condition during a measurement process, to match a blood
pressure wave and its harmonics to be measured, so as to
achieve a better measurement result. FIG. 5 is a schematic
diagram of a pulse diagnosis measurement device according
to an example of the present invention. In FIG. 5, a pulse
diagnosis measurement device 500 may be a pulse diagnosis
device, an electronic blood pressure monitor, a finger diag-
nosis device or other blood pressure wave measurement
device. As shown in FIG. 5, the pulse diagnosis measure-
ment device 500 includes a sensing device 510, for sensing
a blood pressure wave of an organism, to generate a first
pulse signal. The pulse diagnosis measurement device 500
further includes a pulse-holding device 520, for applying a
pressure on a pulse of the organism. The pulse diagnosis
measurement device 500 further includes a processing
device 530, for computing a pulse pressure according to the
first pulse signal, and continuing adjusting the pressure of
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the pulse-holding device 520 until the pulse pressure is not
increased, at which time the pressure of the pulse-holding
device 520 has a most suitable pressure value. The process-
ing device 530 further senses the blood pressure wave
according to the most suitable pressure value, to generate a
second pulse signal. There are various ways to dynamically
adjust the pressure of the pulse-holding device 520. For
example, the pulse-holding device 520 may include an air
bag, and the pressure of the pulse-holding device 520 may
be adjusted by controlling the amount of air inflated into the
air bag.

[0032] In the above examples, a magnitude of the pulse
pressure is used for determining a suitable measurement
state. The pulse pressure may be defined as a difference
between a systolic blood pressure and a diastolic blood
pressure. During the measurement process, the processing
device 530 continuously increases the pressure of the pulse-
holding device 520, and detects a maximum value and a
minimum value of each blood pressure wave of the first
pulse signal measured by the sensor device 510. Then, the
processing device 530 subtracts the maximum value and the
minimum value to obtain the pulse pressure. When the
pressure of the pulse-holding device 520 is increased and the
pulse pressure is not increased, a suitable measurement state
is achieved. Thus, a pressure value applied by the pulse-
holding device 520 to the maximum pulse pressure is the
suitable pressure value, which represents a suitable reso-
nance condition of the blood pressure wave, such that the
pulse diagnosis measurement device 500 achieves the suit-
able measurement state. At this time, pulse diagnosis infor-
mation of the second pulse signal generated is more accurate
than that of the first pulse signal generated before the
suitable measurement state is achieved. Thus, in one
example, the processing device 530 further generates pulse
diagnosis information of the organism according to the
second pulse signal, wherein the pulse diagnosis information
includes at least one of following information: a heart rate,
asystolic blood pressure, a diastolic pressure and at least one
harmonic of the blood pressure wave. For example, the most
suitable pressure value described above is the diastolic blood
pressure, and at that time, the systolic blood pressure is a
sum of the diastolic blood pressure and the pulse pressure.

[0033] In the prior art, when measuring the blood pressure
wave, a pressure of the tourniquet is continuously increased
until the pressure is greater than a systolic blood pressure to
block a blood flow of an arterial, and the pressure of the
tourniquet is decreased until a Korotkoff sound (correspond-
ing samples of the Korotkoff sound in an electronic blood
pressure monitor) exists, such that the systolic blood pres-
sure and a diastolic blood pressure can be obtained. Not only
more time is needed for completing the measurement, but
also the accuracy of the measurement is reduced due to that
the blood flow of the arterial is blocked and the arterial is
affected. In comparison, according to the examples in the
present invention, not only less time is needed for complet-
ing the measurement, but also an influence on the arterial is
reduced. Thus, the blood pressure wave and its harmonics
are measured accurately, which facilitates further analysis.

[0034] Furthermore, in order to get a more accurate mea-
surement result, pressure values of the pulse-holding device
120 needed for harmonics of different frequencies are
slightly different. In general, a high frequency harmonic
needs a higher pressure value, and a low frequency harmonic
needs a lower pressure value. In one example, when the
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processing device 530 senses the blood pressure wave
according to the optimal pressure value, the pressure of the
pulse-holding device 520 is further adjusted according to a
fine-tuned value to measure a specific harmonic (e.g., a
fractional harmonic) of the blood pressure wave. The fine-
tuned value is corresponding to a frequency of the specific
harmonic. For example, when the frequency of the harmonic
is lower than the fundamental frequency of the blood
pressure wave, the pressure of the pulse-holding device 520
is reduced according to the fine-tuned value to measure the
harmonic. For example, when the frequency of the harmonic
is higher than the fundamental frequency of the blood
pressure wave, the pressure of the pulse-holding device 520
is increased in according to the fine-tuned value to measure
the harmonic. After the pressure of the pulse-holding device
520 is finely adjusted, the resonance of the pulse-holding
device 520 with the harmonic is improved and a better
measurement result is obtained. For example, when per-
forming a Fourier transform on the measured blood pressure
wave, it is observed that an amplitude of a specific harmonic
becomes larger or an area covered by a waveform of at least
one cycle of the specific harmonic becomes larger. In one
example, the abovementioned fine-tuned value may be
determined or dynamically adjusted according to a result of
the Fourier analysis on the blood pressure wave. For
example, the fine-tuned value may be selected (or dynami-
cally adjusted to) such that the amplitude of the specific
harmonic or the area covered by the waveform of the
specific harmonic becomes larger. Specifically, the ampli-
tude of the specific harmonic H can be obtained from the
result of the Fourier analysis on the blood pressure wave. By
slightly increasing or decreasing the pressure of the pulse-
holding device 520, a measurement state is the most appro-
priate measurement state when the amplitude of the har-
monic H is maximized. At this time, the pressure of the
pulse-holding device 520 has the most suitable pressure
value for measuring the harmonic H. Comparing this pres-
sure value with the abovementioned most suitable pressure
value, the fine-tuned value corresponding to the harmonic H
can be obtained. The above method of determining the
fine-tuned value according to the maximum amplitude of the
harmonic may also be performed according to the maximum
area of the harmonic (i.e., the area covered by the waveform
of the at least one period is maximized).

[0035] The above examples can be summarized as FIG. 6,
which is a flowchart of a process 60 according to the
examples of the present invention. The process 60 states a
pulse diagnosis measurement method performed by the
pulse diagnosis measurement device 500, and includes the
following steps:

[0036] Step 600: Start.

[0037] Step 602: The pulse-holding device 520 applies a
pressure to a pulse of an organism.

[0038] Step 604: The sensing device 510 senses a blood
pressure wave of the organism, to generate a first pulse
signal.

[0039] Step 606: The processing device 530 computes a
pulse pressure according to the first pulse signal.

[0040] Step 608: The processing device 530 continues
adjusting the pressure of the pulse-holding device 520 until
the pulse pressure is not increased, at which time the
pressure has a most suitable pressure value.
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[0041] Step 610: The sensing device 510 senses the blood
pressure wave according to the most suitable pressure value,
to generate a second pulse signal.

[0042] Step 612: End.

[0043] The present invention further provides a pulse
diagnosis analysis method, which can be applied to the pulse
diagnosis measurement device 100 and the pulse diagnosis
measurement device 500, or other pulse diagnosis devices
such as a pulse instrument, an electronic blood pressure
monitor, a finger diagnosis device, other blood wave mea-
surement devices, etc. If the method is applied to the pulse
diagnosis measurement device 100 (or the pulse diagnosis
measurement device 500), a measurement of a blood pres-
sure wave is performed by the sensing device 110 (or the
sensing device 510) and the pulse-holding device 120 (or the
pulse-holding device 520). The processing device 130 (or
the processing device 530) performs subsequent data analy-
sis and processing according to the measurement result. In
one example of the pulse diagnosis analysis method, a heart
rate HR is obtained according to a wave length (e.g., the
number of covered samples) of the blood pressure wave
which is measured stably and well for t seconds (a preferred
value of t is 6) and a sampling rate. Then, a Fourier analysis
is performed on the blood pressure wave, and harmonic
amplitudes An and harmonic phase differences en of 10
integer harmonics (fn, n=1, 2, 3, 4, 5, 6, 7, 8, 9, 10) above
a fundamental frequency fl (inclusive) are obtained. In one
example, “a stable and good measurement” means that a
premature contraction of a heart is filtered out from the
blood pressure wave.

[0044] Then, the heart rate HR, the harmonic amplitudes
An and the harmonic phase differences en are averaged
respectively to obtain means and standard deviations (SDs).
The SDs are divided by the averages to obtain variation
coefficients which include a heart rate variation coefficient
HRCYV and variation coefficients of the harmonic amplitudes
HCVn and variation coeflicients of the harmonic phase
differences HPCVn. The HCVn and the HPCVn are divided
respectively by the HRCV, to obtain failure indices of the
harmonic amplitudes and the harmonic phase differences.
Failure indices of the harmonic amplitudes FIAn represent
pathological conditions of a gas phase, and failure indices of
the harmonic phase differences FIPn represent pathological
conditions of a blood phase. Higher values of the failure
indices FIAn and FIPn mean more dangerous conditions of
a measured organism (e.g., patient). If the values of the
failure indices FIAn and FIPn are reduced by using a
handling or a treatment on the organism, it means that the
handling or the treatment is effective.

[0045] For ease of understanding, calculation of the above
parameters is organized as follows. The failure indices F1An
of the harmonic amplitudes An and the failure indices FIPn
of the harmonic phase differences en are expressed as
follows:

FIAn=HCVi/HRCV, where n=1,2,3,4,5,6,7,8,9,10; (Eq. 1)

FIPn=HPCVw/HRCV, where n=1,2,3,4,5,6,7,8,9,10.

[0046] Some parameters regarding the mean of a heart rate
HRM and the standard deviation of the heart rate HRV are
expressed as follows:

(Eq. 2)

HRCV=HRV/HRM; (Fq. 3)

HRVM=HRV*HRM. (Eq. 4)
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[0047] Variation coefficients of the harmonic amplitudes
HCVn and variation coefficients of the harmonic phase
differences HPCVn are expressed as follows:

HCVn=Standard Deviation of »#-th harmonic ampli-
tude/Mean of #-th harmonic amplitude, where

n=1,2,3,4,5,6,7,8,9,10; (Eq. 5)
HPCVn=Standard Deviation of #-th harmonic phase

difference/Mean of #-th harmonic phase differ-

ence, where #=1,2,3,4,5,6,7,8,9,10. (Eq. 6)

[0048] Regarding the above parameters, the HRCV and
the HRVM in the equations (Eq. 3) and (Eq. 4) are related
to a brain death. The fundamental frequency (n=1) and the
4-th harmonic (n=4) are related to a heart failure. Thus, the
failure indices of the harmonic amplitudes of the fundamen-
tal frequency and the 4-th harmonic (i.e., HCV1 and HCV4)
and the failure indices of the harmonic phase differences of
the fundamental frequency and the 4-th harmonic (i.e.,
HPCV1 and HPCV4) can be used for assisting the diagnosis
and the treatment.

[0049] In one example, according to the abovementioned
parameters, a pathological matrix is defined as follows:

Eq. 7)

[0050] wheren=1,2,3,4,5,6,7,8,9,10. Mean[An] and
Mean[6n] are average values of the harmonic amplitudes An
and the harmonic phase differences en, respectively. P is
energy of entrails (five organs are a heart, a liver, kidney(s),
a spleen and lung(s), and six organs are a stomach, a gall
bladder, a large intestine, a small intestine, a urinary bladder
and a triple energizer), and is defined as follows:

[Mean[4#]/PMean[0n)|HC Ve HPCVn Fldn FIPn],

P=3,_,1%i.

[0051] Then, in a time interval T (e.g., within that a blood
pressure is measured), a Fourier analysis is performed on a
plurality of blood pressure wave sequences measured in
each t consecutive seconds (a preferred value of t is 6).
Accordingly, harmonic amplitudes A(*2”) and harmonic
phase differences 8(%2") of 10 fractional harmonics f(34")
(n=1, 2, 3, 4, 5, 6, 7, 8, 9, 10) below the fundamental
frequency fl are obtained. The heart rate HR, the harmonic
amplitudes A(Y2”) and the harmonic phase differences 0(Y2")
are averaged respectively to obtain means and a deviation.
The deviation is divided by the means to obtain variation
coeflicients which include a heart rate variation coefficient
HRCV and variation coeflicients of harmonic amplitudes
HCV(Y2") and variation coeflicient of harmonic phase dif-
ferences HPCV(%%2"). The HCV(/%2") and the HPCV(14") are
divided respectively by the HRCV, to obtain failure indices
of the harmonic amplitudes and the harmonic phase differ-
ences. Failure indices of the harmonic amplitudes FIA('4")
represent pathological conditions of a gas phase, and failure
indices of the harmonic phase differences FIP(%2") represent
pathological conditions of a blood phase. Higher values of
the failure indices FIA(Y2") and FIP(¥2") mean more dan-
gerous conditions of a measured organism (e.g., patient). If
the values of the failure indices FIA(Y2”) and FIP(%") are
reduced by using a handling or a treatment on the organism,
it means that the handling or the treatment is effective.

[0052] In one example, according to the abovementioned

parameters, a low-frequency pathological matrix is defined
as follows:

(Eq. ®)

[Mean[4(15")}/ OMean[0(14") JHCV (Y2 HPC V(2"

FIA(VFIP(AM], (Eq. 9)
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[0053] wheren=1,2,3,4,5,6,7,8,9, 10. Mean [A(Y2")]
and Mean [0('2")] are average values of the harmonic
amplitudes A(Y2") and the harmonic phase differences
0(%2"), respectively. Q is energy of a heart and an aorta, and
is defined as follows:

0=3,_ 104015,

[0054] Then, in a time interval T (e.g., within that a blood
pressure is measured), low-frequency pathological matrices
in each t consecutive seconds (a preferred value of t is 6) are
averaged, and an averaged low-frequency pathological
matrix Mean [Low f Pathological Matrix] is obtained. The
time interval T may be determined according to a frequency
of a harmonic (i.e., varies with n). For example, when n is
larger. the time interval T needed is larger. FIG. 7 is a
correspondence table of frequencies of harmonics f(*4") and
the time interval T according to an example of the present
invention. The correspondence table 70 illustrates the time
interval T corresponding to each harmonic frequency f(12").
[0055] The pathological matrix and the low-frequency
pathological matric can be combined to analyze basic con-
ditions and variations of physiology, pathology, pharmacol-
ogy and psychology of an organism. The above examples
may be analyzed via artificial intelligence, and are served as
a basis of a human interface platform.

[0056] In one example, two parameters related to a pulse
diagnosis are defined as follows:

(Eq. 10)

R=3,_41%4(1%"),energy of a heart and an aorta; (Eq. 11)

S=4(1519) energy of the heart.

[0057] The above examples can be summarized as FIG. 8,
which is a flowchart of a process 80 according to the
examples of the present invention. The process 80 states a
pulse diagnosis measurement method, and includes the
following steps:

[0058] Step 800: Start.

[0059] Step 802: Measure a blood pressure wave of an
organism in a time interval to obtain a wavelength of the
blood pressure wave and a sampling frequency.

[0060] Step 804: Obtain a heart rate of the organism
according to the wavelength and the sampling frequency.
[0061] Step 806: Perform a Fourier analysis on the blood
pressure wave to obtain a harmonic amplitude and a har-
monic phase difference of at least one harmonic of the blood
pressure wave.

[0062] Step 808: Obtain a variation coeflicient of the heart
rate, a variation coeflicient of the harmonic amplitude and a
variation coefficient of the harmonic phase difference of the
at least one harmonic according to the heart rate, the
harmonic amplitude and the harmonic phase difference.
[0063] Step 810: Obtain a first failure index of the at least
one harmonic according to the variation coeflicient of the
harmonic amplitude and the variation coeflicient of the heart
rate.

[0064] Step 812: Obtain a second failure index of the at
least one harmonic according to the variation coeflicient of
the harmonic phase difference and the variation coeflicient
of the heart rate.

[0065] Step 814: End.

[0066] There are various applications for the pulse diag-
nosis measurement device, the pulse diagnosis measurement
method and the pulse diagnosis analysis method of the
present invention. For example, a medical cloud may be
realized accordingly. In detail, the pulse diagnosis measure-

(Eq. 12)
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ment device 100 or the pulse diagnosis measurement device
500 may be used at a user end to obtain pulse diagnosis data
of a patient. The pulse diagnosis data is uploaded to the
medical cloud, and is analyzed and diagnosed according to
the pulse diagnosis analysis method in the present invention.
Then, prescription is generated according to results of the
analysis and the diagnosis, and is provided to the user end
to complete the medical procedure. The results of the
analysis and the diagnosis and the prescription may be
provided jointly, or only the prescription is provided. In one
example, the present invention can be applied to condition
monitoring. For example, a condition monitoring system
(including, e.g., the pulse diagnosis measurement device 100
or the pulse diagnosis measurement device 500) is designed
to generate pulse diagnosis data of a patient, to perform a
condition monitoring. An alert is issued when abnormal data
are detected, e.g., a variation coeflicient or a failure index of
a specific harmonic is abnormal.

[0067] Those skilled in the art should readily make com-
binations, modifications and/or alterations on the abovemen-
tioned description and examples. The abovementioned
description, steps and/or processes including suggested steps
can be realized by means that could be hardware, software,
firmware (known as a combination of a hardware device and
computer instructions and data that reside as read-only
software on the hardware device), an electronic system, or
combination thereof.

[0068] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A pulse diagnosis measurement device, comprising:

a sensing device, for sensing a blood pressure wave of an

organism, to generate a pulse signal;

a pulse-holding device, for applying a pressure on a pulse

of the organism, wherein the pulse-holding device has
a first elasticity coeflicient, the first elasticity coeflicient
is corresponding to a first frequency of a first harmonic
of the blood pressure wave, and the first harmonic is a
first integer harmonic or a first fractional harmonic; and
a processing device, for generating pulse diagnosis infor-
mation of the first harmonic according to the pulse
signal.

2. The pulse diagnosis measurement device of claim 1,
wherein the pulse-holding device switches to have a second
elasticity coefficient different from the first elasticity coef-
ficient, the second elasticity coeflicient is corresponding to a
second frequency of a second harmonic of the blood pres-
sure wave, and the second harmonic is a second integer
harmonic or a second fractional harmonic.

3. The pulse diagnosis measurement device of claim 1,
wherein the second frequency of the second harmonic is
greater than the first frequency of the first harmonic, and the
second elasticity coeflicient is greater than the first elasticity
coeflicient.

4. The pulse diagnosis measurement device of claim 1,
wherein the first elasticity coefficient is a radial elasticity
coeflicient which is corresponding to a pressure-strain
modulus of a blood vessel of the organism.

5. The pulse diagnosis measurement device of claim 4,
wherein the first frequency of the first harmonic is n times
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a fundamental frequency of the blood pressure wave and n
is an integer where 1=n<10, when the first harmonic is the
first integer harmonic.

6. The pulse diagnosis measurement device of claim 5,
wherein when the first harmonic is the first integer harmonic
and the fundamental frequency is f Hz where 0.8<f<1.5:

the first elasticity coefficient is not smaller than 3.5%10°

dyn/em?; or

the first elasticity coefficient is not smaller than 3.5%10°

dyn/em” and is not greater than 9.82%10° dyn/em”.

7. The pulse diagnosis measurement device of claim 4,
wherein the first frequency of the first harmonic is n times
a fundamental frequency of the blood pressure wave and n
is a fraction where 0<n<1, when the first harmonic is the first
fractional harmonic.

8. The pulse diagnosis measurement device of claim 7,
wherein when the first harmonic is the first fractional
harmonic and the fundamental frequency is f Hz where
0.8=f<1.5:

the first elasticity coefficient is not smaller than 0.16%10°

dyn/em? and is not greater than 3.5%10° dyn/cm?.

9. The pulse diagnosis measurement device of claim 1,
wherein the first elasticity coeflicient is corresponding to an
area covered by a waveform of at least one period of the first
harmonic, or is corresponding to an amplitude of the first
harmonic.

10. A method of pulse diagnosis measurement, compris-
ing:

applying a pressure to a pulse of an organism via a

pulse-holding device;

sensing a blood pressure wave of the organism via a

sensing device, to generate a first pulse signal;
computing a pulse pressure according to the first pulse
signal,

continuing adjusting the pressure of the pulse-holding

device until the pulse pressure is not increased, at
which time the pressure has a most suitable pressure
value; and

sensing the blood pressure wave according to the most

suitable pressure value, to generate a second pulse
signal.

11. The method of claim 10, further comprising:

generating pulse diagnosis information of the organism

according to the second pulse signal, wherein the pulse
diagnosis information comprising at least one of fol-
lowing information: a heart rate, a systolic blood pres-
sure, a diastolic pressure and at least one harmonic of
the blood pressure wave.

12. The method of claim 10, wherein the step of sensing
the blood pressure wave according to the most suitable
pressure value comprises:

adjusting the pressure of the pulse-holding device accord-

ing to a fine-tuned value, to measure a harmonic of the
blood pressure wave, wherein the fine-tuned value is
corresponding to a frequency of the harmonic.

13. The method of claim 12, wherein the step of adjusting
the pressure of the pulse-holding device according to the
fine-tuned value comprises at least one of following steps:

decreasing the pressure of the pulse-holding device

according to the fine-tuned value to measure the har-
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monic, when the frequency of the harmonic is smaller
than a fundamental frequency of the blood pressure
wave; and

increasing the pressure of the pulse-holding device

according to the fine-tuned value to measure the har-
monic, when the frequency of the harmonic is greater
than the fundamental frequency of the blood pressure
wave.

14. The method of claim 12, wherein the fine-tuned value
is corresponding to an area covered by a waveform of at
least one period of the harmonic, or is corresponding to an
amplitude of the harmonic.

15. A pulse diagnosis measurement device, comprising:

a sensing device, for sensing a blood pressure wave of an

organism, to generate a first pulse signal;

a pulse-holding device, for applying a pressure to a pulse

of the organism; and

a processing device, for calculating a pulse pressure

according to the first pulse signal, for continuing
adjusting the pressure of the pulse-holding device until
the pulse pressure is not increased, at which time the
pressure has a most suitable pressure value, and for
sensing the blood pressure wave according to the most
suitable pressure value, to generate a second pulse
signal.

16. The pulse diagnosis measurement device of claim 15,
wherein the processing device generates pulse diagnosis
information of the organism according to the second pulse
signal, wherein the pulse diagnosis information comprising
at least one of following information: a heart rate, a systolic
blood pressure, a diastolic pressure and at least one har-
monic of the blood pressure wave.

17. The pulse diagnosis measurement device of claim 15,
wherein when sensing the blood pressure wave according to
the most suitable pressure value, the processing device
adjusts the pressure of the pulse-holding device according to
a fine-tuned value to measure a harmonic of the blood
pressure wave, wherein the fine-tuned value is correspond-
ing to a frequency of the harmonic.

18. The pulse diagnosis measurement device of claim 17,
wherein the processing device adjusts the pressure of the
pulse-holding device according to the fine-tuned value by
performing at least one of following steps:

decreasing the pressure of the pulse-holding device

according to the fine-tuned value to measure the har-
monic, when the frequency of the harmonic is smaller
than a fundamental frequency of the blood pressure
wave; and

increasing the pressure of the pulse-holding device

according to the fine-tuned value to measure the har-
monic, when the frequency of the harmonic is greater
than the fundamental frequency of the blood pressure
wave.

19. The pulse diagnosis measurement device of claim 17,
wherein the fine-tuned value is corresponding to an area
covered by a waveform of at least one period of the
harmonic, or is corresponding to an amplitude of the har-
monic.
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