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(7) ABSTRACT

Disclosed herein is a method for processing a physiological
signal to measure physiological characteristics of a living
organism. The method includes: (a) dividing P,'(t), which is
obtained by differentiating one signal function P, (t) between
two signal functions having different wavelength bands and
representing the physiological characteristics of the living
organism, by P,'(t) obtained by differentiating the other sig-
nal function P,(t); and (b) obtaining a constant b of the fol-
lowing function n,(t) and a cycle of the following function
s,(t) through Math Formula 1:

PP D)l =03, =k,

(where P (0)=s,(0+1,(0). P(0)s,(tn,(0), as,(0)s,(1),
bn, (t=n,(t), a, b and k are constants, t is time, and n, (t)
and n,(t) are signal functions due to noise when measur-

ing the physiological signal).
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METHOD FOR PROCESSING
PHYSIOLOGICAL SIGNAL
BACKGROUND

[0001] 1. Technical Field
[0002] The present invention relates to a method for pro-

cessing a physiological signal, and more particularly, to a
method for processing a physiological signal in which, when
a non-invasive method is used to measure oxygen saturation,
pulse or similar biological characteristics (i.e., physiological
characteristics), a characteristic constant and cycle of a signal
for checking the biological characteristics can be readily
obtained, whereby the biological characteristics can be rap-
idly and easily determined.

[0003] 2. Description of the Related Art

[0004] In general, a signal processor processes a physi-
ological signal based on various physiological characteris-
tics, for example, blood gas saturation such as oxygen satu-
ration or the like, blood pressure, heart rate,
electrocardiogram, and the like, and obtains a physiological
signal by extracting or removing one of a main signal and a
noise signal from a composite signal including the main and
noise signal.

[0005] For instance, the composite signal includes a main
signal component containing desired data on a user, and a
noise signal component generated by noise. At thistime, if the
noise signal occupies a frequency spectrum different from
that of the main signal, it is possible to remove the noise signal
or extract the main signal from the whole signal through
existing filtering methods such as low pass filtering, band pass
filtering, high pass filtering, etc. However, the main signal and
the noise signal may have an overlapping frequency spec-
trum.

[0006] In this case, the existing filtering methods cannot
effectively extract the main signal or remove the noise signal.
Further, if information about one of the two signal compo-
nents is sufficient, a correlation canceller such as an adaptive
noise canceller may be used to extract the signal component.
However, in general, information about the signals is not
sufficient.

[0007] Accordingly, in the case of physiological monitor-
ing, i.e., in monitoring of physiological characteristics, it is
noteasy to determine information about the main signal com-
ponent and the noise signal component. Physiological moni-
toring generally uses a measured signal derived from a bio-
logical system such as a human body in order to monitor
physiological characteristics.

[0008] The subjects of the measurement in physiological
monitoring systems generally include various types such as
electrocardiographs, blood pressure, blood gas saturation
(e.g.: oxygen saturation or the like), capnographs, monitoring
of different blood components, heart rate, respiratory rate,
etc. As an example of oxygen saturation which is a form of
blood gas saturation, there is arterial oxygen saturation.
[0009] Measurements of such various physiological char-
acteristics may be achieved using energy attenuation through
an inspection medium such as a finger in the form of selected
energy. Among these, blood gas monitoring is an example of
physiological monitoring based on the measurement of
energy attenuation due to biological tissues or materials.
[0010] In blood gas monitoring, light for measuring a
physiological signal is emitted to an inspection medium, for
example, a patient’s finger, and an attenuation characteristics
of the light are measured over time. At this time, an output

Mar. 6, 2014

signal of a blood gas monitor susceptible to flow of arterial
blood includes a signal having a waveform reflecting an arte-
rial pulse of a patient.

[0011] Examples of such physiological monitoring tech-
nology are disclosed in patent documents, such as U.S. Pat.
Nos. 6,002,952 and 5,490,505. In the case of using an inspec-
tion medium such as a finger to carry out physiological moni-
toring, venous blood, movement of the finger and similar
noise factors may cause irregular energy attenuation.

[0012] InU.S. Pat. No. 6,002,952, FIG. 1 shows a graph of
a signal waveform (i.e., a waveform of the main signal)
according to regular energy attenuation, and FIG. 2 shows a
graph of a signal waveform according to practical irregular
energy attenuation, i.e., considering a noise component.
[0013] However, if an irregular signal waveform, due to
venous blood, patient movement, and the like, is detected as
described above, complicated operations and processes are
needed to extract a main signal from an irregular signal wave-
form. Therefore, it is difficult to extract information of the
main signal, i.e., the cycle and characteristic constant of the
main signal and to output the physiological characteristics
based on the information.

BRIEF SUMMARY

[0014] The present invention has been conceived to solve
the above problems, and it is an aspect of the invention to
provide a method for processing a physiological signal, in
which information of a physiological signal measured by
(i.e., input by) a detector, particularly, characteristics of a
main signal can be obtained without noise signal through a
simple process.

[0015] In accordance with one aspect of the present inven-
tion, a method for processing a physiological signal to mea-
sure physiological characteristics of a living organism
includes: (a) dividing P, '(t), which is obtained by differenti-
ating one signal function P, (t) between two signal functions
having different wavelength bands and representing the
physiological characteristics of the living organism, by P,'(t)
obtained by differentiating the other signal function P,(t); and
(b) obtaining a constant b of the following function n, (t) and
acycle of the following function s  (t) through Math Formula
1 as follows:

‘:Ply(z)’/Pz‘(z))‘le,tz,ﬁ,. . :k’

[0016] (where P, (t)=s,(t)+n,(t), Po(O)=s,(D)+n,(1), as,(t)
=s,(t), bn, (t)=n,(t), a, band k are constants, tis time, and n ()
and n,(t) are signal functions due to noise when measuring the
physiological signal).

[0017] The step of obtaining a constant b of the function
n, (1) and a cycle of the function s, (t) comprises obtaining the
constant b of the function n, (t) and the cycle of the function
s,(t) by setting the value k of Math Formula 1 such that a
variable t allowing the function P,'(t)/P,'(t) to have the same
value can satisfy a condition of including a value repeated at
aregular cycle.

[0018] The step of obtaining a constant b of the function
n, (1) and a cycle of the function s, (t) may comprise obtaining
the constant b of the function n,(t) and the cycle of the
fanction s, (t) by setting the value k of Math Formula 1 so as
to satisfy a condition that intersecting points between a trans-
verse line (k) parallel to an axis (t) of abscissa of the function
P,'(t)/P,'(t) and the function P,'(t)/P,'(t) include intersecting
points repeated at regular intervals with at least one intersect-
ing point therebetween.

[Math Formula 1]
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[0019] The step of obtaining a constant b of the function
n, (1) and a cycle of the function s, (t) may comprise obtaining
the constant b of the function n,(t) and the cycle of the
function s, (t) by setting the value k of Math Formula 1 so as
to satisfy a condition that intersecting points between a trans-
verse line (k) parallel to an axis (1) of abscissa of the function
P,'(t)/P,'(t) and the function P,'(t)/P,'(t) include intersecting
points repeated in a certain pattern.
[0020] The step of obtaining a constant b of the function
n, (1) and a cycle of the function s, (t) may comprise obtaining
the constant b of the function n () and the cycle of the
function s, (t) by setting the value k of Math Formula 1 so as
to satisfy a condition that intersecting points between a trans-
verse line (k) parallel to an axis (1) of abscissa of the function
P,'(t)/P,'(t) and the function P,'(t)/P,'(t) include intersecting
points of a preset pattern.
[0021] The Math Formula 1 used in extracting the constant
b of the functionn  (t) and the cycle of the function s, (t) can be
obtained based on that s,'(t) obtained by differentiating the
function s,(t) is 0 (zero).
[0022] The physiological characteristics may include pulse
oxygen saturation, and may be measured by an infrared signal
and a red light signal.
[0023] After the constant b is extracted in step (b), it is
possible to extract a reference waveform of the signal func-
tion s, (t) through Math Formula 4 as follows:
PLO)-Po(t)/b=s,(tn (- (as, ©+bn ())/b=(1-a/b)s,
(. [Math Formula 4]
[0024] According to the present invention, the period of
data without noise can be obtained through a simple process
and detection process of the physiological characteristics can
be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other aspects, features, and advan-
tages of the invention will become apparent from the detailed
description of the following exemplary embodiments in con-
Junction with the accompanying drawings, in which:

[0026] FIG. 1 is a graph schematically showing an exem-
plary waveform of an ideal signal (a main signal) free from
any noise factors;

[0027] FIG.2isa graph schematically showing an example
waveform of a practical signal (a composite signal) with
noise;

[0028] FIG. 3 is a flowchart showing a method for process-
ing a physiological signal according to one embodiment of
the present invention;

[0029] FIG. 4 is a graph for explaining a method of extract-
ing a cycle of a main signal in the method for processing a
physiological signal according to the embodiment of the
present invention; and

[0030] FIG.5is a graph for explaining a method of extract-
ing a reference pattern of a main signal in the method for
processing a physiological signal according to the embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0031] Now, exemplary embodiments of the invention will
be described in detail with reference to the accompanying
drawings. In describing the exemplary embodiments, like
terms and numerals refer to like components throughout the
specification and the accompanying drawings, and thus
repeated descriptions thereof will be omitted.
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[0032] Referring to FIGS. 1 and 2, when a non-invasive
method is used to measure physiological characteristics, a
waveform 10 of an ideal signal (i.e., amain signal) at a regular
cycleis detected, as shown in FIG. 1, if there is no noise factor.
On the other hand, if a noise factor is present, an irregular
waveform 20 of a signal in which noise signal is mixed with
the main signal is detected, as shown in FIG. 2.

[0033] The irregular signal waveform 20 shows a result of
adding a noise factor to the ideal signal waveform 10. If such
anoise factor is present in measurement of the physiological
characteristics of a living organism. it can be difficult to
distinguish the main signal having data of the physiological
characteristics even though the noise factor is small.

[0034] To measure the physiological characteristics, sig-
nals detected by a sensor such as a pulse oximeter or the like,
that is, measured signals, include two measured signals. The
two measured signals may belong to different wavelength
bands, and thus the physiological characteristics of the living
organism may be determined through the two signal compo-
nents.

[0035] Each of the two measured signals, that is, the signals
20 (measured signals or input signals) measured by the sen-
sor, includes a main signal 10 and a noise signal. Here, the
main signal is an ideal measured signal when no noise factor
is present, and the noise signal is a signal measured due to a
noise factor, such as movement of a patient, venous blood,
etc.

[0036] As detailed examples of the two measured signals,
there are signals used in measuring the oxygen saturation,
which includes infrared signals measured using infrared (IR)
light and red light signals measured using red light.

[0037] Here, a device (i.e., a sensor) for measuring the
oxygen saturation of arterial blood through a non-invasive
method is called a pulse oximeter, which obtains blood oxy-
gen saturation, which is an indicator of the amount of hemo-
globin present in the arterial blood. The oxygen saturation is
information utilized in heart output or pulmonary function
evaluation, organ specific perfusion or cardiovascular state
evaluation, hypoxia diagnosis, etc., which is applied to vari-
ous fields including not only general medicine but also sports
science.

[0038] The pulse oximeter includes two light emitters for
emitting two kinds of light to abody (e.g., a finger) ofa patient
(e.g., an examinee), and a detector such as a photodiode, in
which two light emitters are installed, for example, ared light
emitting diode (LED) for emitting red light and an infrared
LED for outputting infrared light may be provided.

[0039] Further, each of the two measured signals exhibiting
the foregoing oxygen saturation or similar physiological
characteristics is a composite signal wherein a main signal
and noise signal are mixed, as described above. Hereinafter, a
function representing the waveform 10 of the main signal will
be denoted by s(t), a function representing the waveform 20 of
the noise signal (i.e., a signal with noise in measurement of
the physiological signals) will be denoted by n(t), and a
function of the measured signals (i.e., the composite signals)
in this embodiment will be denoted by P(t) which is repre-
sented by the sum of the functions s(t) and n(t).

[0040] In more detail, one of two signals, i.e., the two
measured signals representing the physiological characteris-
tics of a living organism such as a human body may be
represented by the function P (t), and the other signal may be
represented by the function P,(t). The functions P,(t) and
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P,(t) are not limited to a certain signal. In other words, if one
of the two signals is P, (t), the other signal is P,(t).

[0041] Here, P,(t) and P,(t) are defined as follows.
[0042] P, (t)=s,()+n,(t), P,(t)=s,(D)+n,(1)
[0043] In P,(t) and P,(t), as,(t)=s,(t) and bn, (t}=n,(t), and

aand b are constants. Also, P, (t) and P, (1) are time dependent
functions, in which a variable t refers to time.

[0044] Next, referring to FIGS. 3 and 4, as one embodiment
of the method for processing a physiological signal according
to the invention, a method of obtaining information about the
main signal containing data of physiological characteristics,
in particular, an exemplary method of extracting a cycle of the
main signal will be described.

[0045] In this embodiment, the method for processing a
physiological signal for measuring physiological character-
istics of a living organism includes: step (a) dividing P,'(t),
which is obtained by differentiating one signal function
(hereinafter, referred to as P, (1) between two signal functions
(P(t)) having different wavelength bands and representing the
physiological characteristics of the living organism, by P,'(t)
obtained by differentiating the other signal function (herein-
after, referred to as P,(1)); and step (b) obtaining a constant b
of n, (1) and the cycle of the function s, (t). Here, the step (b) is
processed using Math Formula 1 as follows.

PP D)= ,0m,.. =k

[0046] That is, the function obtained in step (a) may be
represented by Math Formula 2 as follows:
(PP @)=, @n (0)/ (55 (0147 @)-
[0047] Thus, the Math Formula 2 may be represented by
(s,'(t)+n,'(H))/(as, '(t)+bn, (1)), and if s, (1) obtained by differ-
entiating the function s, (t) is 0 (Zero), the value of the Math
Formula 2 becomes (1/b),and (1/b)=k s established under the

same conditions.

[0048] A signal processor, which processes a physiological
signal caused by the physiological characteristics such as
oxygen saturation and the like, generates the function P, (t)
from one signal (e.g., an infrared signal) of the two measured
signals input to the signal processor and generates the func-
tion P,(t) from the other signal (e.g., red light signal). It
should be understood that the functions P, (t) and P,(t) are not
limited to the above description. Alternatively, the function
P,(t) may be a function for a red light signal and the function
P,(t) may be a function for an infrared signal.

[0049] Further, in measurement of the pulse oxygen satu-
ration, s,(t) and s,(t) may be signal functions by arterial
blood, and n,(t) and n,(t) may be signal functions by noise
factors such as venous blood or the like.

[0050] Next, P,(t) and P,(t) are respectively differentiated
to obtain the functions P,'(t) and P,'(t), and one of the func-
tions P,'(t) and P,'(t) is used to divide the other function,
thereby obtaining the Math Formula 2 described above.
[0051] Further, 1o extract the cycle of the function s, (1) at
the step (b), if k of the Math Formula 1 is extracted such that
the values of variable t allowing the function P,'(t)/P,'(t)
defined in Math Formula 2 to have the same value can satisfy
the condition of including a value repeated in a constant
pattern or cycle, a constant b of n,(t) and the cycle of the
function s, (t) can be obtained.

[0052] Referring to FIG. 4, a model for extracting the cycle
of the function s,(t) will be described in more detail. In a
graph according to the function of Math Formula 2 having an
axis of abscissa representing time t, if intersecting points
between a virtual transverse line (k) and the graph of the Math

[Math Formula 1]

[Math Formula 2]
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Formula 2 include points repeated in a certain pattern when
the virtual transverse line (k) is horizontally shifted in a
vertical direction, an inverse of a value on the virtual trans-
verse line (k) becomes k of Math Formula 1.

[0053] At this time, according to the Math Formula 2, the
values t of the intersecting points between the virtual trans-
verse line (k) and the function of the Math Formula 2 include
the values t of coordinates (valleys and peaks of the function
s,(t)) where s,'(t) obtained by differentiating the function
s,(t) becomes 0 (zero), and thus a distance between the val-
leys or between the peaks of the function s (t) is the cycle of
the function s, (t).

[0054] Therefore, if the intersecting points between the
virtual transverse line (k) and the graph of Math Formula 2
include points repeated at regular intervals with at least one
point therebetween, or if the transverse line (k) is determined
such that the intersecting points between the virtual trans-
verse line (k) and the graph of Math Formula 2 can include a
pair of points (e.g., one corresponding to the valley of the
function s, (t) and the other corresponding to the peak of the
function s, (1)) repeated at regular intervals, and the cycle of
the points repeated at regular intervals with at least one point
therebetween or the cycle of a pair of points repeated at
regular intervals is extracted, the cycle of the points becomes
the cycle of the function s, ().

[0055] In more detail, with reference to FIG. 4, if the posi-
tion of the transverse line (k) is determined by shifting the
transverse line (k) up or down such that the intersecting points
between the transverse line (k) and the function of Math
Formula 2 can have points repeated at regular intervals
(L,=L,=...), L, becomes the cycle of's,(1).

[0056] Alternatively, if the position of the transverse line
(k) is determined by shifting the transverse line (k) up or down
such that the intersecting points between the transverse line
(k) and the function of Math Formula 2 can have a pair of
points repeated at regular intervals (m, or m,), the cycle of
repeating the pair of points becomes the cycle of s, (t). Here,
m;=m,=...and, my=m,=.. ..

[0057] Further, if the position of the transverse line (k) is
determined such that a ratio (m,/m,) of distances from one of
the intersecting points between the transverse line (k) and the
function of Math Formula 2 to a certain leftward point and to
a certain rightward point can have periodic characteristics, it
is possible to extract the constant b of the function n, (t) and
the cycle of the function s, (1). That is, if (m, /m,)=(m,/m,)=.
.., it is possible to extract the cycle of s, (t).

[0058] Further, as shown in the graph of FIG. 5, if the
positionof the transverse line (k) is determined by shifting the
transverse line (k) up or down such that the intersecting points
between the transverse line (k) and the function of Math
Formula 2 can have points repeated in a reference pattern that
is set to have a pattern of time t where a value of the differ-
entiated signal s,'(t) of one cycle including no noise n,(t)
becomes 0 (Zero), it is possible to extract the constant b of the
function n,(t) and the cycle of the function s, (t).

[0059] In this embodiment, the method of extracting the
cycle of the function s, (t) is based on the fact that the value of
Math Formula 2 becomes constant at a point (the valley and
the peak of the function s,(t)) where the function s,'(t)
becomes O (zero). It should be noted that the method of
extracting the cycle may be modified in various ways without
departing from the spirit of the present invention.

[0060] On the contrary, it is possible to extract the constant
b and the cycle of the function s, () or s,(t) by the aforemen-



US 2014/0067274 Al

tioned method even though the function P,'(t) is divided by
the function P,'(t) as shown in Math Formula 3 as follows.
Since the functions s, (t) and s,(t) have the same cycle, it is
possible to derive the constant b and the cycle of the main
signal 10 of the two measured signals when one of the two
functions is extracted.

(P @/P O}~ (L/E)~(55' (O+15'(0)/ (s ()41, /(D)=as
@+bn, (O)/(s) @ ()55 O+ 0) ('@

a)+(ny'(t)/h) [Math Formula 3]

[0061] In addition, the cycles of the main signals are
detected to ascertain the foregoing physiological characteris-
tics and output the same.
[0062] Further, when the pattern of points, at which the
value of the signal s, '(t) including no noise n, (t) is 0 (Zero), is
known, Math Formula | may be used to obtain the constant b
of the function n, (t) and the cycle of the function s, (t).
[0063] Further, after the constant b is extracted at step (b),
areference waveform of the signal s(t) may be extracted using
Math Formula 4 as follows:

P (O-Py(0)/b=s,(t 1, (D)~ (as,()+bn (D) b=(1-a/b)s,

. [Math Formula 4]

[0064] In the method according to the invention, a signal
cycle of desired data on a user, that is, data from which a noise
component has been removed, can be extracted through a
simple process, thereby simplifying the method for detecting
physiological characteristics and thus reducing load applied
to a signal processor for processing the physiological signal.
[0065] Further, the method according to the invention may
reduce a period of time taken in processing the physiological
signal, and load applied to devices constituting the signal
processor, thereby reducing a heat generation rate of the
biological signal sensor, such as a pulse oximeter, while
extending lifespan of the devices and decreasing production
Costs.
[0066] Although some embodiments have been described
herein, it will be understood by those skilled in the art that
these embodiments are provided for illustration only, and that
various modifications, changes, alterations and equivalent
embodiments can be made without departing from the scope
of the invention. Therefore, the scope and spirit of the inven-
tion should be defined only by the accompanying claims and
equivalents thereof.

1. A method for processing a physiological signal to mea-
sure physiological characteristics of a living organism, com-
prising:

(a) dividing P, '(t), which is obtained by differentiating one
signal function P, (t) between two signal functions hav-
ing different wavelength bands and representing the
physiological characteristics of the living organism, by
P,'(t) obtained by differentiating the other signal func-
tion P,(t); and

(b) obtaining a constant b of the following function n, (t)
and a cycle of the following function s, (t) through Math
Formula 1.

PLOPION crrns,. =k
(where P, (t)=s,()+n,(t), Py(t)=s,()+n,(1), as,(t)=s,(1),
bn, (ty=n,(1), a, b and k are constants, t is time, and n, (t)
and n,(t) are signal functions due to noise when measur-

ing the physiological signal).
2. The method according to claim 1, wherein the step of
obtaining a constant b of the function n,(t) and a cycle of the
function s, (t) comprises obtaining the constant b of the func-

[Math Formula 1]
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tion n,(t) and the cycle of the function s, (t) by setting the
value k of Math Formula 1 such that a variable t allowing the
function P,'(t)/P,'(t) to have the same value can satisfy a
condition of including a value repeated at a regular cycle.

3. The method according to claim 1, wherein the step of
obtaining a constant b of the function n, (t) and a cycle of the
function s, (t) comprises obtaining the constant b of the func-
tion n,(t) and the cycle of the function s, (t) by setting the
value k of Math Formula 1 so as to satisfy a condition that
intersecting points between a transverse line (k) parallel to an
axis (t) of abscissa of the function P, '(t)/P,'(t) and the function
P,'(t)/P,'(t) include intersecting points repeated at regular
intervals with at least one intersecting point therebetween.

4. The method according to claim 1, wherein the step of
obtaining a constant b of the function n, (t) and a cycle of the
function s, (t) comprises obtaining the constant b of the func-
tion n, () and the cycle of the function s, (t) by setting the
value k of Math Formula 1 so as to satisfy a condition that
intersecting points between a transverse line (k) parallel to an
axis (t) of abscissa ofthe function P, '(t)/P,'(t) and the function
P,'(tyP,'(t) include intersecting points repeated in a certain
pattern.

5. The method according to claim 1, wherein the step of
obtaining a constant b of the function n,(t) and a cycle of the
function s, (t) comprises obtaining the constant b of the func-
tion n, (1) and the cycle of the function s (1) by sefting the
value k of Math Formula 1 so as to satisfy a condition that
intersecting points between a transverse line (k) parallel to an
axis (t) of abscissa of the function P, '(t)/P,'(t) and the function
P,'(t)/P,'(t) include intersecting points of a preset pattern.

6. The method according to claim 1, wherein Math For-
mula 1 used in extracting the constant b of the function n, (t)
and the cycle of the function s,(t) is obtained based on that
s,'(t) obtained by differentiating the function s, (t)is 0 (zero).

7. The method according to claim 1, wherein the physi-
ological characteristics comprise pulse oxygen saturation.

8. The method according to claim 1, wherein the physi-
ological characteristics are measured by an infrared signal
and a red light signal.

9. A method for processing a physiological signal to mea-
sure physiological characteristics of a living organism, com-
prising:

(a) dividing P, '(t), which is obtained by differentiating one
signal function P, (t) between two signal functions hav-
ing different wavelength bands and representing the
physiological characteristics of the living organism, by
P,'(t) obtained by differentiating the other signal func-
tion P,(t);

(b) obtaining a constant b of the following function n, (t)
and a cycle of the following function s, (t) through Math
Formula 1; and

() extracting a reference waveform of the function s, ()
through Math Formula 4.

PLOPY O s, =k

(where Py(t)=s,(D)+n,(t), Py(t)=s,()+n,(t), as,(t)=s,(t),
bn, (t)=n,(1), a, b and k are constants, t is time, and n, ()
and n,(t) are signal functions due to noise when measur-
ing the physiological signal)

[Math Formula 1]

P\(6)-P,(t)/b=s,(t)+n (D)—(as, ()+bn, () )/b=1-a/b)s,
@ [Math Formula 4]

10. The method according to claim 2, wherein Math For-
mula 1 used in extracting the constant b of the function n, (t)
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and the cycle of the function s, (t) is obtained based on that
$,'(t) obtained by differentiating the function s, (t) is 0 (zero).

11. The method according to claim 3, wherein Math For-
mula | used in extracting the constant b of the function n, (1)
and the cycle of the function s, (t) is obtained based on that
s,'(t) obtained by differentiating the function s, (t)is 0 (zero).

12. The method according to claim 4, wherein Math For-
mula 1 used in extracting the constant b of the function n, (t)
and the cycle of the function s, (t) is obtained based on that
s,'(t) obtained by differentiating the function s, (t) is 0 (zero).

13. The method according to claim 5, wherein Math For-
mula 1 used in extracting the constant b of the function n, (t)
and the cycle of the function s, (t) is obtained based on that
s,'(t) obtained by differentiating the function s, (t) is 0 (zero).
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