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APPARATUS AND METHOD FOR
MEASURING PHYSIOLOGICAL SIGNALS

[0001] A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to any reproduction by
anyone of the patent disclosure, as it appears in the United
States Patent and Trademark Office patent files or records, but
otherwise reserves all copyright rights whatsoever.

BACKGROUND OF THE PRESENT INVENTION

[0002] 1. Field of Invention

[0003] This invention relates to an apparatus for measuring
a physiological signal and, more particularly, to an apparatus
and method for measuring a physiological signal capable of
accurately assessing a physiological condition by simulta-
neously contacting at least two symmetrical portions of a
living being.

[0004] 2. Description of the Related Art

[0005] Arteriosclerosis is a general term for a condition
characterized by thickening, hardening, loss of elasticity of
arterial walls, narrowing of vessel lumens, or hyperplasia.
Age growth is the main risk factor of the arteriosclerosis.
[0006] Usually the arteriosclerosis may take place uncon-
sciously. Any symptom may not be generated before angiem-
phraxis reaches 50%. However, once the angiemphraxis
exceeds 75%, angina pectoris or other symptoms may be
generated, thus posing a threat to life. Accordingly, it is
important for prevention of cardiovascular disease to know
the degree of arteriosclerosis of oneself.

[0007] Currently a pulse wave velocity (PWV) is consid-
ered as one standard method for assessing the degree of
arteriosclerosis using a non-invasive method in the medical
field. Further, research reports point out that the pulse wave
velocity is an important index of preventing heart disease,
apoplexy, and cardiovascular disease.

[0008] FIG.1isaschematic diagram of pulse signals of two
asymmetrical portions (such as a finger and a toe) at a single
side in a prior art. In FIG. 1, a photoplethysmography (PPG)
may be used for simultaneously measuring pulse signals of
two asymmetrical portions (such as a finger and a toe) at a
single side, thus to obtain a pulse wave velocity of the two
asymmetrical portions (such as the finger and the toe) at the
single side based on a pulse transit time (AT) of the two
asymmetrical portions (such as the finger and the toe) at the
single side to indicate the degree of arteriosclerosis using the
following formula (1).

[0009] FIG. 2 is a schematic diagram of pulse signals in
different degrees of arteriosclerosis of two asymmetrical por-
tions (such as a finger and a toe) at a single side in a prior art.
In FIG. 2, when the arteriosclerosis of the finger of a tested
body is more serious than that of the toe, the pulse signal of
the finger is transmitted faster than that of the toe. Accord-
ingly, a pulse transit time between the pulse signals of the
finger and the toe may increase (from At to At') thus to
decrease a pulse wave velocity, and therefore determination
may be inaccurate.

[0010] FIG. 3 is a schematic diagram of a pulse signal of a
single portion (such as a finger) at a single side in a prior art.
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In FIG. 3, a photoplethysmography may be used for measur-
ing the pulse signal of the single portion (such as the finger).
Characteristic points (such as a first peak and a second peak)
of a systolic wave and a diastolic wave of the pulse signal are
obtained, thus to assess arteriosclerosis. In detail, the peak
height (b) of the diastolic wave is divided by the peak height
(a) of the systolic wave using the formula (2) to obtain a
reflection index (RI), and the body height (m) of a tested body
is divided by atime difference (T ;) between the peak of the
diastolic wave and the peak of the systolic wave using the
formula (3) to obtain a stiffness index (SI). The degree of
arteriosclerosis can be determined based on the reflection
index and the stiffness index.

b @
RI = - %100%
a

o= bodyheight ) 3)

(m/sec
Tpvp

[0011] Compared with the calculation of a pulse wave
velocity, the calculations of the reflection index and the stiff-
ness index are more convenient and can avoid errors caused
by measuring artery distances since they can be obtained just
based on the pulse signal of a single portion (such as a finger)
at a single side. Further, the reflection index and the stiffness
index have been considered as effective reference index of
assessing arteriosclerosis clinically.

[0012] FIG. 4 is a schematic diagram of pulse signals of a
single portion (such as a finger) at a single side of four tested
bodies having different ages and diseases, respectively, in a
prior art. In FIG. 4, a characteristic point (such as a second
peak) of a diastolic wave becomes unobvious due to age
growth and diseases. Either the age growth (Class B and Class
C) or the cardiovascular disease (Class D) may make the
characteristic point (such as the second peak) of the diastolic
wave more and more unobvious, and therefore neither a first-
order differential method nor a second-order differential
method fails to accurately locate the characteristic point (such
as the second peak) of the diastolic wave. Accordingly,
assessment based on the reflection index and the stiffness
index is only effective for the healthy young person (Class A)
and the healthy middle-aged person (Class B).

[0013] Although assessment of the arteriosclerosis based
on the pulse wave velocity or the reflection index and the
stiffness index has a good clinical performance and is pub-
lished by international medical journals as well, it should be
still improved.

[0014] First, when pulse signals of two asymmetrical por-
tions (such as a finger and a toe) at a single side are simulta-
neously measured via a photoplethysmography, if the hard-
ening of one portion is more serious than that of the other
portion, the pulse transit time between the pulse signals of the
finger and the toe may be inaccurate, thus affecting the accu-
racy of the pulse wave velocity.

[0015] Second, when a pulse signal of a single portion
(such as a finger) at a single side is measured via a photopl-
ethysmography, if a pulse signal at the other side of a tested
body is to be measured, the photoplethysmography has to be
reset, thus increasing the measuring time and the operation
complexity.

[0016] Third, only a certain number of pulse wave veloci-
ties are used to assess the degree of arteriosclerosis. However,
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physiological variation is dynamic and complex. Accord-
ingly, it is a development tendency to quantify the complexity
of arteriosclerosis in a dynamic view.

[0017] Fourth, a characteristic point (such as a peak) of a
diastolic wave of a single portion (such as a finger) at a single
side may gradually become smooth due to age growth and
diseases, thus affecting the accuracy of the reflection index
and the stiffness index.

[0018] This invention is to improve the prior art.

SUMMARY OF THE PRESENT INVENTION

[0019] Theinvention provides an apparatus and method for
measuring a physiological signal to improve accuracy of
assessing a physiological condition.

[0020] According to one aspect of the invention, the inven-
tion provides an apparatus for measuring a physiological
signal including a measuring unit and a signal-analyzing unit.
The measuring unit has at least one first signal-measuring end
and atleast one second signal-measuring end. The first signal-
measuring end and the second signal-measuring end contact
at least two symmetrical portions of a living being to obtain at
least one first pulse signal and at least one second pulse signal
of the two symmetrical portions, respectively. The signal-
analyzing unit is coupled to the measuring unit. The signal-
analyzing unit obtains at least one physiological data based
on the first pulse signal and the second pulse signal, respec-
tively, further to determine a physiological condition of the
living being according to the physiological data.

[0021] According to another aspect of the invention, the
invention provides a method for measuring a physiological
signal. The method includes the following steps: contacting at
least two symmetrical portions of a living being to obtain at
least one first pulse signal and at least one second pulse signal
of the two symmetrical portions, respectively; obtaining at
least one physiological data based on the first pulse signal and
the second pulse signal, respectively, further to determine a
physiological condition of the living being according to the
physiological data.

[0022] These and other features, aspects, and advantages of
the present invention will become better understood with
regard to the following description, appended claims, and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1isaschematic diagram of pulse signals of two
asymmetrical portions (such as a finger and a toe) at a single
side in a prior art;

[0024] FIG. 2 is a schematic diagram of pulse signals in
different degrees of arteriosclerosis of two asymmetrical por-
tions (such as a finger and a toe) at a single side in a prior art;
[0025] FIG. 3 is a schematic diagram of a pulse signal of a
single portion (such as a finger) at a single side in a prior art;
[0026] FIG. 4 is a schematic diagram of pulse signals of a
single portion (such as a finger) at a single side of four tested
bodies having different ages and diseases, respectively, in a
prior art;

[0027] FIG. 5 is a schematic diagram of an apparatus for
measuring a physiological signal according to one embodi-
ment;

[0028] FIG. 6isaschematic diagram of calculation of a first
crest-to-cycle ratio of a first pulse signal or a second crest-to-
cycle ratio of a second pulse signal according to one embodi-
ment;
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[0029] FIG. 7is a schematic diagram of calculation of a first
pulse wave velocity based on afirst pulse signal along with an
BCG signal and a second pulse wave velocity based on a
second pulse signal along with an ECG signal according to
one embodiment;

[0030] FIG. 8is aschematic diagram of calculation of a first
multiscale entropy coefficient based on a first pulse signal
along with an ECG signal or a second multiscale entropy
coefficient based on a second pulse signal along with an ECG
signal according to one embodiment;

[0031] FIG. 9 is a schematic diagram of calculation of a
coarse-grained technology according to one embodiment;
[0032] FIG. 10 is a schematic diagram of sample entropy
related to scale variability according to one embodiment; and
[0033] FIG. 11 is a schematic diagram of calculation of a
first pearson correlation coefficient based on a first pulse
signal along with an ECG signal or a second pearson corre-
lation coefficient based on a second pulse signal along with an
BCG signal according to one embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0034] In the prior art, a physiological condition (such as
arteriosclerosis) is assessed according to pulse signals of two
asymmetrical portions (such as a finger and a toe) at a single
side or according to a pulse signal of a single portion (such as
a finger) at a single side. The invention provides an apparatus
for measuring a physiological signal to improve the prior art.
The apparatus includes a measuring unit and a signal-analyz-
ing unit. The measuring unit has at least one first signal-
measuring end and at least one second signal-measuring end.
The first signal-measuring end and the second signal-measur-
ing end contact at least two symmetrical portions of a living
being to obtain at least one first pulse signal and at least one
second pulse signal of the two symmetrical portions, respec-
tively. The signal-analyzing unit is coupled to the measuring
unit. The signal-analyzing unit obtains at least one physi-
ological data based on the first pulse signal and the second
pulse signal, respectively, further to determine a physiologi-
cal condition of the living being according to the physiologi-
cal data. The embodiments of the invention are not limited to
one kind of symmetrical portions (such as ears), and the
embodiments can also be adapted to different kinds of sym-
metrical portions (such as ears and fingers, or ears, fingers,
and toes). In the following embodiments, the ears may be
taken for example.

[0035] FIG. 5 is a schematic diagram of an apparatus for
measuring a physiological signal according to one embodi-
ment. In this embodiment, the apparatus for measuring a
physiological signal 10 includes a measuring unit 11 and a
signal-analyzing unit 12. The measuring unit 11 has a first
signal-measuring end L1 and a second signal-measuring end
L2. The first signal-measuring end L1 and the second signal-
measuring end L2 contact ears (two symmetrical portions) of
atested body (living being 20) to obtain a first pulse signal and
a second pulse signal of the ears (two symmetrical portions),
respectively. The signal-analyzing unit 12 is coupled to the
measuring unit 11. The signal-analyzing unit 12 obtains a first
crest-to-cycle ratio and a second crest-to-cycle ratio (first
physiological data group) based on the first pulse signal and
the second pulse signal further to determine the degree of
arteriosclerosis (physiological condition) of the tested body
(living being 20) according to the first crest-to-cycle ratio and
the second crest-to-cycle ratio (first physiological data
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group). The first signal-measuring end L1 and the second
signal-measuring end L2 include a photoplethysmography
for obtaining the first pulse signal and the second pulse signal
of the ears (two symmetrical portions), respectively, using
infrared light of about 940 nm wavelengths.

[0036] The measuring unit 11 further includes a third sig-
nal-measuring end L3 for measuring an ECG signal of the
tested body (living being 20). The signal-analyzing unit 12
obtains a first pulse wave velocity, a second pulse wave veloc-
ity, a first multiscale entropy coefficient, a second multiscale
entropy coefficient, a first pearson correlation coefficient, and
a second pearson correlation coefficient (second physiologi-
cal data group) based on the first pulse signal and the second
pulse signal along with the ECG signal further to determine
the degree of arteriosclerosis (physiological condition) of the
tested body (living being 20) according to the first pulse wave
velocity, the second pulse wave velocity, the first multiscale
entropy coeficient, the second multiscale entropy coefficient,
the first pearson correlation coefficient, and the second pear-
son correlation coefficient (second physiological data group).
[0037] FIG. 6isaschematic diagram of calculation of a first
crest-to-cycle ratio of a first pulse signal or a second crest-to-
cycle ratio of a second pulse signal according to one embodi-
ment. In this embodiment, the apparatus for measuring a
physiological signal 10 includes a measuring unit 11 and a
signal-analyzing unit 12. The measuring unit 11 has a first
signal-measuring end L1 and a second signal-measuring end
L2. The first sighal-measuring end L1 and the second signal-
measuring end 1.2 contact two symmetrical portions of a
living being 20 to obtain a first pulse signal and a second pulse
signal of the two symmetrical portions, respectively. The
signal-analyzing unit 12 is coupled to the measuring unit 11.
The signal-analyzing unit 12 obtains a first crest-to-cycle
ratio and a second crest-to-cycle ratio based on the first pulse
signal and the second pulse signal further to determine a
physiological condition of the living being 20 according to
the first crest-to-cycle ratio and the second crest-to-cycle
ratio.

[0038] First, the first signal-measuring end .1 and the sec-
ond signal-measuring end .2 contact ears (two symmetrical
portions) of a tested body (living being 20), respectively. In a
certain time (such as 5 minutes), the first pulse signal and the
second pulse signal of the ears (two symmetrical portions) are
measured. Since the waveform of the first pulse signal of the
ears (two symmetrical portions) is similar to that of the sec-
ond pulse signal, the first pulse signal or the second pulse
signal of the ears (two symmetrical portions) is taken for
example.

[0039] Second, the signal-analyzing unit 12 obtains a crest
time (CT) measured from a starting point of a pulse wave to a
peak of a systolic wave and a cycle time based on the first
pulse signal or the second pulse signal of the ears (two sym-
metrical portions), respectively. Afterwards, the first crest-to-
cycleratio (CTR ) and the second crest-to-cycle ratio (CIR )
are obtained by dividing the crest time by the cycle time,
respectively, as shown in the formula (4) and the formula (5).

4
CTR) = ——— x 100%
! Cycle Time 1 XA
CTR x 100% ®)
= o
z Cycle Time 2
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[0040] Ifthe first crest-to-cycle ratio or the second crest-to-
cycle ratio of the tested body (living being 20) exceeds the
crest-to-cycle ratio in a normal state, the tested body (living
being 20) has suffered from arteriosclerosis (physiological
condition). Further, no matter whether the first crest-to-cycle
ratio or the second crest-to-cycle ratio of the tested body
(living being 20) exceeds the crest-to-cycle ratio in the nor-
mal state, if the difference between the first crest-to-cycle
ratio and the second crest-to-cycle ratio of the tested body
(living being 20) is too great, the tested body (living being 20)
has suffered from arteriosclerosis (physiological condition)
as well.

[0041] FIG. 7is a schematic diagram of calculation of a first
pulse wave velocity based on afirst pulse signal along with an
ECG signal and a second pulse wave velocity based on a
second pulse signal along with an ECG signal according to
one embodiment. In this embodiment, the apparatus for mea-
suring a physiological signal 10 includes a measuring unit 11
and a signal-analyzing unit 12. The measuring unit 11 has a
first signal-measuring end L1, a second signal-measuring end
L2, and a third signal-measuring end L3. The first signal-
measuring end L1 and the second signal-measuring end 1.2
contact two symmetrical portions of a living being 20 to
obtain a first pulse signal and a second pulse signal of the two
symmetrical portions, respectively. The third signal-measur-
ing end L3 is used for measuring an ECG signal of the living
being 20. The signal-analyzing unit 12 is coupled to the
measuring unit 11. The signal-analyzing unit 12 obtains a first
pulse wave velocity and a second pulse wave velocity based
on the first pulse signal and the second pulse signal along with
the ECG signal, respectively, further to determine the physi-
ological condition of the living being 20 according to the first
pulse wave velocity and the second pulse wave velocity.

[0042] First, a first distance D1 from the suprasternal notch
to one ear and a second distance D2 from the suprasternal
notch to the other ear of the tested body (living being 20) are
measured, respectively, using a tape (please refer to FIG. 5),
and then the first distance D1 and the second distance D2 are
input into the apparatus for measuring a physiological signal
10.

[0043] Second, the first signal-measuring end L1 and the
second signal-measuring end [.2 contact the ears (two sym-
metrical portions) of the tested body (living being 20). In a
certain time (such as 5 minutes), the first pulse signal and the
second pulse signal of the ears (two symmetrical portions) are
measured. The third signal-measuring end L3 is used for
measuring the ECG signal of the tested body (living being
20).

[0044] Third, the signal-analyzing unit 12 obtains a first
pulse transit time (AT,) between the peak of R-wave of the
ECG signal and the starting point of the first pulse signal
based on the first pulse signal of the ears (two symmetrical
portions) along with the ECG signal, and obtains a second
pulse transit time (AT,) between the peak of R-wave of the
ECG signal and the starting point of the second pulse signal
based on the second pulse signal along with the ECG signal.
Afterwards, a first pulse wave velocity (PWV ) is obtained by
dividing the first distance D1 by the first pulse transit time
(AT, ) as shown in the formula (6), and a second pulse wave
velocity (PWV,,) is obtained by dividing the second distance
D2 by the second pulse transit time (AT,) as shown in the
formula (7).
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D 6
PWV, = ﬁ ©
1

D 7
PWV, = # @

[0045] If the first pulse wave velocity or the second pulse
wave velocity of the tested body (living being 20) exceeds the
pulse wave velocity in a normal state (in an ideal state, the
pulse wave velocity of the ear based on the ECG signal is 1.20
m/sec; the pulse wave velocity of the finger based on the ECG
signal is 4.48 m/sec; the pulse wave velocity of the toe based
on the ECG signal is 4.84 m/sec), the tested body (living
being 20) has suffered from arteriosclerosis (physiological
condition). Further, no matter whether the first pulse wave
velocity or the second pulse wave velocity of the tested body
(living being 20) exceeds the pulse wave velocity in the nor-
mal state, if the difference between the first pulse wave veloc-
ity and the second pulse wave velocity of the tested body
(living being 20) is too great, the tested body (living being 20)
has suffered from arteriosclerosis (physiological condition)
as well.

[0046] According to the embodiments, the first crest-to-
cycleratio, the second crest-to-cycle ratio, the first pulse wave
velocity, and the second pulse wave velocity of the two sym-
metrical portions (such as ears) of the tested body (living
being 20) can be measured in a certain time (such as 5 min-
utes) further to determine the degree of arteriosclerosis
(physiological condition) of the tested body (living being 20)
according to one or all of the first crest-to-cycle ratio, the
second crest-to-cycle ratio, the first pulse wave velocity, and
the second pulse wave velocity.

[0047] FIG.8isaschematic diagram of calculation of a first
multiscale entropy coefficient based on a first pulse signal
along with an ECG signal or a second multiscale entropy
coefficient based on a second pulse signal along with an ECG
signal according to one embodiment. In this embodiment, the
apparatus for measuring a physiological signal 10 includes a
measuring unit 11 and a signal-analyzing unit 12. The mea-
suring unit 11 has a first signal-measuring end L1, a second
signal-measuring end 1.2, and a third signal-measuring end
L3. The first signal-measuring end 1 and the second signal-
measuring end 12 contact two symmetrical portions of a
living being 20 to obtain a first pulse signal and a second pulse
signal of the two symmetrical portions, respectively. The
third signal-measuring end L3 is used for measuring an ECG
signal of the living being 20. The signal-analyzing unit 12 is
coupled to the measuring unit 11. The signal-analyzing umt
12 obtains a first pulse wave velocity and a second pulse wave
velocity based on the first pulse signal and the second pulse
signal along with the ECG signal, respectively. Further, the
signal-analyzing unit 12 obtains a first multiscale entropy
coefficient and a second multiscale entropy coefficient based
on the first pulse wave velocity and the second pulse wave
velocity, respectively, using empirical mode decomposition
(EMD) and a multiscale entropy analysis (complexity analy-
sis), thus to determine the physiological condition of the
living being 20. Since the waveform of the first pulse signal of
the ears (two symmetrical portions) is similar to that of the
second pulse signal, the first pulse signal along with the ECG
signal or the second pulse signal along with the ECG signal of
the ears (two symmetrical portions) is taken for example.
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[0048] First, the signal-analyzing unit 12 gathers succes-
sive pulse wave velocities of the ears (two symmetrical por-
tions)in a certain time (such as 5 minutes) to make up a series
A{PWV ,PWV,, ..., PWV L Since unsteady-state char-
acteristic of physiological signals may increase the degree of
irregularity of the time series thus to affect accuracy of the
multiscale entropy analysis (complexity analysis) for differ-
ent scales, trend is removed from the seties A{PWV |, PWV,,
...,PWV }to obtain a series B {X,,X,, ..., X,} using the
empirical mode decomposition (EMD) before the operation
of the multiscale entropy analysis (complexity analysis) so as
to obtain an accurate result after the operation of the multi-
scale entropy analysis (complexity analysis).

[0049] FIG. 9 is a schematic diagram of calculation of a
coarse-grained technology according to one embodiment.
First, in this embodiment, a series B {X,,X,, . . ., X,} is
transformed into signals in different scales (such as scale 2,
scale 3 and so on) using a coarse-grained technology to show
difference. Second, the time series in different scales {yj(’)}
after the coarse-grained operation are analyzed using sample
entropy (SE). The sample entropies in different scales are
multiscale entropy coefficients of the series B {X,,X,,

X,,} where T is a scale factor 1, 2, 3 and so on. If ©=2,
VAXAX, /2 1 =3, yAX 4K, +X,/2; the rest may be
inferred. The details are shown as the formula (8) and the
formula (9).

@ X+ X (8)
=T
6 X+ X+ X2 ©
YVrETTy

[0050] Third, the series B {X,,X,, . . ., X,,} in different
scales is decomposed into samples consisting of m points by
a length N, and thus N-m+1 different samples can be
obtained. A sample space X can be obtained using the follow-
ing formula (10).

X X, ... X, (10)
x=| x X5 o X
An-mr1 Xn-me2 An

[0051] Fourth, the series B {X,,X,, .. ., X,,} is analyzed
using sample entropy including the following steps (a)-(f).
However, the sequence of the steps is not limited.

[0052] (a) obtaining distances between the samples, which
can be shown as Dij=IXi-Xj| where i=j;

[0053] (b) transforming the distance into similarity
between the samples using the formula Dij(r)=G(Dij),
where G(Dij) is a Heaviside function defined as the for-
mula (11);

_(LDy<r 1y
won={; -,
[0054] (c) obtaining an average value C,, (r) using the for-
mula (12);
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1 N (12)
Culr)= et 24 D

[0055] (d) obtaining an average similarity C,,_, (r) between
the samples with a length m using the formula (13);

i N-m [13)

[0056] (e) repeating the steps (a)~(d) to calculate C,,, ,(r)
with a length m+1;

[0057] (D) obtaining the sample entropy (SE) Sz(m,r) based
on C,(r)and C, ,,(r) using the formula (14);

Cone1 (1) (14
Cn(1)

Se(m, r) = =log

[0058] FIG. 10 is a schematic diagram of sample entropy
related to scale variability according to one embodiment. In
thisembodiment, the sample entropies of the series B {X X,
..., X, }indifferent scales are obtained according to the steps
(a)~(D) (using the formulas (8)~(14)), and thus the curved line
showing the sample entropy related to the scale variability
can be obtained, i.e. the multiscale entropy analysis (com-
plexity analysis).

[0059] According to the schematic diagram of the multi-
scale entropies for a healthy young person, a healthy middle-
aged person, and a diabetic patient (please refer to FIG. 10),
it can be concluded that the healthy young person has the most
complex artery-blood-vessel function and the healthy
middle-aged person and the diabetic patient follow succes-
sively. From FIG. 10 it can be seen that the complexity of the
artery-blood-vessel function for the diabetic patient is rela-
tively low, and therefore diabete mellitus is an important risk
factor of the arteriosclerosis.

[0060] In addition, many patients (such as the diabetic
patients) may easily suffer from autonomic instability as well
as the arteriosclerosis. The embodiments of the invention may
quantify the couping degree between the heart rate and the
vessel thus to indicate the physical condition of the person.
Since the waveform of the first pulse signal of the ears (two
symmetrical portions) is similar to that of the second pulse
signal, the first pulse signal along with the ECG signal or the
second pulse signal along with the ECG signal of the ears
(two symmetrical portions) is taken for example.

[0061] FIG. 11 is a schematic diagram of calculation of a
first pearson correlation coefficient based on a first pulse
signal along with an ECG signal or a second pearson corre-
lation coefficient based on a second pulse signal along with an
ECG signal according to one embodiment.

[0062] First, the signal-analyzing unit 12 gathers succes-
sive RR-interval (RRI) signals of the ears (two symmetrical
portions) in a certain time (such as 5 minutes) to make up a
series A[i] {RR,RR,,RR;, ... RR, }, and gathers successive
pulse transit time (PTT) of the first pulse signal or the second
pulse signal of the ears (two symmetrical portions) ina certain
time (such as 5 minutes) to make up a series B[i] {PTT,,
PTT,, PTT;, . ... PTT,}, where the series A[i] {RR;,RR,,
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RR;, . .. RR,} indicates the heart rate variability and the
series B[i] {PTT,, PTT,, PTT;, . . ., PTT,} indicates the
artery-blood-vessel variability. Second, the signal-analyzing
unit 12 obtains the first pearson correlation coefficient and the
second pearson correlation coefficient based on the series A[i]
{RR,RR,RR;, ... RR } and the series B[i] {PTT,, PTT,,
PTT,,...,PTT,} of the ears, respectively, to help analyzing
the couping degree between the heart rate and the artery-
blood-vessel which is defined as correlation of PTT and RRI
(CPR) obtained using the formula (15).

1000 (15)
> 1A - meanA®)]

CPR= ol

1000 1000
\/Z [A(f) - mean(A(i))* \/ Y L[B(i) - mean({B()]*
pan}

i=1

[0063] According to the analysis of the pearson correlation
coefficients for the healthy young person, the healthy middle-
aged person, and the diabetic patient, it can be concluded that,
the pearson correlation coefficient of the healthy young per-
sonis0.15, presenting a high positive correlation; the pearson
correlation coefficient of the healthy middle-aged person is
0.00, presenting a negative correlation; the pearson correla-
tion coefficient of the diabetic patient is -0.15, presenting a
high negative correlation. Accordingly, age growth and dia-
bete mellitus may indeed affect the couping between the heart
rate and the artery-blood-vessel, and the pearson correlation
coefficient is low as well.
[0064] Further, the invention provides a method for mea-
suring a physiological signal including the following step:
contacting at least two symmetrical portions of a living being
to obtain a first pulse signal and a second pulse signal of the
two symmetrical portions, respectively; obtaining a physi-
ological data based on the first pulse signal and the second
pulse signal, respectively, further to determine a physiologi-
cal condition of the living being according to the physiologi-
cal data. Please refer to FIG. 5 through FIG. 11. Steps (a)~(k)
may be described below while the sequence of the steps is not
limited.

[0065] (a): as shown in FIG. 5, measuring a first distance
D1 and a second distance D2 from the suprasternal notch to
the ears of the tested body (living being 20), respectively,
using a tape, and inputting the first distance D1 and the
second distance D2 into the apparatus for measuring a
physiological signal 10;

[0066] (b): contacting the ears (two symmetrical portions)
of the tested body (living being 20) in a certain time (such
as 5 minutes) further to obtain a first pulse signal and a
second pulse signal of the ears (two symmetrical portions),
respectively;

[0067] (c): measuring an ECG signal of the tested body
(living being 20);

[0068] (d): as shown in FIG. 6, obtaining a first crest-to-
cycle ratio and a second crest-to-cycle ratio (first physi-
ological data group) based on the first pulse signal and the
second pulse signal;

[0069] (e): as shown in FIG. 7, obtaining a first pulse transit
time between the peak of R-wave ofthe ECG signal and the
starting point of the first pulse signal based on the first pulse
signal along with the ECG signal and obtaining a second
pulse transit time between the peak of R-wave of the ECG
signal and the starting point of the second pulse signal
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based on the second pulse signal along with the ECG
signal; obtaining a first pulse wave velocity by dividing the
first distance D1 by the first pulse transit time as shown in
the formula (6) and obtaining a second pulse wave velocity
by dividing the second distance D2 by the second pulse
transit time as shown in the formula (7);

[0070] (f): as shown in FIG. 8, gathering successive pulse
wave velocities of the ears (two symmetrical portions) in a
certain time (such as 5 minutes) to make up a series A
{PWV,PWV,,....PWV, };

[0071] (g): removing trend from the series A {PWV,
PWV,, ..., PWV ! toobtain a series B{X . X,,..., X}
using empirical mode decomposition (EMD);

[0072] (h): as shown in FIG. 9, transforming the series B
{X1: X, . .., X, } into signals in different scales (such as
scale 2, scale 3 and so on) using a coarse-grained technol-
ogy to show difference;

[0073] (i): as shown in FIG. 10, analyzing the time series in
different scales {yj(T)} after the coarse-grained operation
using sample entropy (SE) thus to obtain the curved line
showing the sample entropy SE related to the scale T vari-
ability;

[0074] (j): as shown in FIG. 11, gathering successive RR-
interval (RRI) signals of the ears (two symmetrical por-
tions) in a certain time (such as 5 minutes) to make up a
series A[i] {RR;,RR,,RR, . .. RR, } and gathering suc-
cessive pulse transit time of the first pulse signal or the
second pulse signal of the ears (two symmetrical portions)
inacertaintime (such as 5 minutes) to make up a series BJi]
{PTT,, PTT,, PTT,, ..., PTT,}; obtaining a first pearson
correlation coefficient and a second pearson correlation
coefficient based on the series A[i] {RR,RR,,RR,, . . .
RR,} and the series B[i] {PTT,, PTT,, PTT,, ..., PTT,}
of the ears, respectively, to help analyzing the couping
degree between the heart rate and the artery-blood-vessel
which is defined as correlation of PTT and RRI (CPR)
obtained using the formula (15);

[0075] (k): determining the degree of arteriosclerosis
(physiological condition) of the tested body (living being
20) according to the first crest-to-cycle ratio, the second
crest-to-cycle ratio, the first pulse wave velocity, the sec-
ond pulse wave velocity, the first multiscale entropy coef-
ficient, the second multiscale entropy coefficient, the first
pearson correlation coefficient, and the second pearson
correlation coefficient.

[0076] Although the present invention has been described
in considerable detail with reference to certain preferred
embodiments thereof, the disclosure is not for limiting the
scope of the invention. Persons having ordinary skill in the art
may make various modifications and changes without depart-
ing from the scope and spirit of the invention. Therefore, the
scope of the appended claims should not be limited to the
description of the preferred embodiments described above.

What is claimed is:

1. An apparatus for measuring a physiological signal, com-
prising:

ameasuring unit having at least one first signal-measuring
end and at least one second signal-measuring end, the
first signal-measuring end and the second signal-mea-
suring end contacting at least two symmetrical portions
of a living being to obtain at least one first pulse signal
and atleast one second pulse signal of the two symmetri-
cal portions, respectively; and
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a signal-analyzing unit coupled to the measuring unit, the
signal-analyzing unit obtaining at least one physiologi-
cal data based on the first pulse signal and the second
pulse signal, respectively, further to determine a physi-
ological condition of the living being according to the
physiological data.

2. The apparatus for measuring a physiological signal
according to claim 1, wherein the physiological data com-
prises at least one first physiological data group and at least
one second physiological data group.

3. The apparatus for measuring a physiological signal
according to claim 2, wherein the first physiological data
group comprises at least one first crest-to-cycle ratio and at
least one second crest-to-cycle ratio.

4. The apparatus for measuring a physiological signal
according to claim 2, wherein the measuring unit further
comprises a third signal-measuring end for measuring an
ECG signal of the living being.

5. The apparatus for measuring a physiological signal
according to claim 4, wherein the signal-analyzing umit
obtains the second physiological data group based on the first
pulse signal and the second pulse signal along with the ECG
signal further to determine the physiological condition of the
living being according to the second physiological data
group.

6. The apparatus for measuring a physiological signal
according to claim 2, wherein the second physiological data
group comprises at least one first pulse wave velocity, at least
one second pulse wave velocity, at least one first complexity
coefficient, at least one second complexity coefficient, at least
one first pearson correlation coefficient, and at least one sec-
ond pearson correlation coefficient.

7. The apparatus for measuring a physiological signal
according to claim 6, wherein the signal-analyzing unit
obtains at least one pulse transit time and the first pearson
correlation coefficient based on the first pulse signal along
with the ECG signal further to obtain the first pulse wave
velocity based on the first pulse transit time.

8. The apparatus for measuring a physiological signal
according to claim 6, wherein the signal-analyzing umit
obtains at least one second pulse transit time and the second
pearson correlation coefficient based on the second pulse
signal along with the ECG signal further to obtain the second
pulse wave velocity based on the second pulse transit time.

9. The apparatus for measuring a physiological signal
according to claim 6, wherein the signal-analyzing umt
obtains the first complexity coefficient and the second com-
plexity coefficient based on the first pulse wave velocity and
the second pulse wave velocity, respectively, using empirical
mode decomposition and a complexity analysis.

10. The apparatus for measuring a physiological signal
according to claim 6, wherein the first complexity coefficient
and the second complexity coeflicient comprises at least one
first multiscale entropy coefficient and at least one second
multiscale entropy coefficient, respectively.

11. A method for measuring a physiological signal, com-
prising the steps of’

contacting at least two symmetrical portions of a living
being to obtain at least one first pulse signal and at least
one second pulse signal of the two symmetrical portions,
respectively; and

obtaining at least one physiological data based on the first
pulse signal and the second pulse signal, respectively,
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further to determine a physiological condition of the
living being according to the physiological data.

12. The method for measuring a physiological signal
according to claim 11, wherein the physiological data com-
prises at least one first physiological data group and at least
one second physiological data group.

13. The method for measuring a physiological signal
according to claim 12, wherein the first physiological data
group comprises at least one first crest-to-cycle ratio and at
least one second crest-to-cycle ratio.

14. The method for measuring a physiological signal
according to claim 12, further comprising the step of measur-
ing an ECG signal of the living being.

15. The method for measuring a physiological signal
according to claim 14, further comprising the step of obtain-
ing the second physiological data group based on the first
pulse signal and the second pulse signal along with the ECG
signal further to determine the physiological condition of the
living being according to the second physiological data
group.

16. The method for measuring a physiological signal
according to claim 12, wherein the second physiological data
group comprises at least one first pulse wave velocity, at least
one second pulse wave velocity, at least one first complexity
coefficient, at least one second complexity coefficient, at least
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one first pearson correlation coefficient, and at least one sec-
ond pearson correlation coefficient.

17. The method for measuring a physiological signal
according to claim 16, further comprising the step of obtain-
ing at least one first pulse transit time and the first pearson
correlation coefficient based on the first pulse signal along
with the ECG signal further to obtain the first pulse wave
velocity based on the first pulse transit time.

18. The method for measuring a physiological signal
according to claim 16, further comprising the step of obtain-
ing at least one second pulse transit time and the second
pearson correlation coefficient based on the second pulse
signal along with the ECG signal further to obtain the second
pulse wave velocity based on the second pulse transit time.

19. The method for measuring a physiological signal
according to claim 16, further comprising the step of obtain-
ing the first complexity coefficient and the second complexity
coefficient based on the first pulse wave velocity and the
second pulse wave velocity, respectively, using empirical
mode decomposition and a complexity analysis.

20. The method for measuring a physiological signal
according to claim 16, wherein the first complexity coeffi-
cient and the second complexity coefficient comprises at least
one first multiscale entropy coefficient and at least one second
multiscale entropy coefficient, respectively.

I S S T
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