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signal and the second signal, and a diagnosis unit con-
figured to acquire reference points included in the
matched cycles of the first signal and the second signal
and to diagnose the blood circulation disturbance of the
patient using a time difference between the reference
points.
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Description
Technical Field

[0001] The presentinvention relates to a technique for
diagnosing a blood circulation disturbance.

Background Art

[0002] Blood vessels are lifelines that supply nutrition
to 60 trillion cells in our body. In order to maintain a human
life, there is a need for a process in which the blood dis-
charged by the beat of a heart is caused to flow to various
parts of a body along an artery without clogging and are
returned to the heart via a vein. As a result, oxygen and
nutrients can be supplied to the respective tissues of the
body, and the wastes consumed through metabolism can
be removed. Thus, the health of the blood vessels is di-
rectly linked to our health. Serious diseases may be
caused when inadvertently managing the blood vessels.
[0003] Fat, thrombus, plaque or the like may cause in-
flammation when they are accumulated on the inner wall
of a blood vessel. As inflammatory substances are ac-
cumulated, the wall of the blood vessel becomes hard.
If the blood vessel becomes narrow due to the accumu-
lation of deposits on the wall of the blood vessel, the
supply of blood and oxygen may be impaired and various
vascular diseases may appear. Typical examples of vas-
cular diseases include angina pectoris, myocardial inf-
arction, cerebral stroke, and embolism of artery of lower
extremity. Body paralysis or sudden death may occur
unless a sufficient amount of blood and oxygen is sup-
plied to the heart and the brain which are key organs for
life support.

[0004] Such vascular diseases progress silently.
There is no special subjective symptom until a blood ves-
sel is clogged to some extent or more. Therefore, a fatal
result may be caused if the vascular diseases are ne-
glected. For this reason, it is important to diagnose a
cardiovascular disease, a cerebrovascular disease and
the risk factors of arteriosclerosis at an early stage, even
if there is no subjective symptom.

[0005] Accordingly, it is urgent to develop a technique
for accurately diagnosing a blood circulation disturbance.

[Prior Art Document]

[0006] Korean Patent Laid-Open Publication No.
10-2016-0044271 (April 25, 2016)

Summary

[0007] The present invention provides a technique for
accurately diagnosing a blood circulation disturbance.

[0008] According to one exemplary embodiment of the
presentinvention, there is provided a device for diagnos-
ing a blood circulation disturbance, comprising: a meas-
urement unit configured to measure a first signal and a
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second signal associated with a cardiac impulse of a pa-
tient at two different points in a body of the patient; a
matching unit configured to match cycles of the first signal
and the second signal; and a diagnosis unit configured
to acquire reference points included in the matched cy-
cles of the first signal and the second signal and to diag-
nose the blood circulation disturbance of the patientusing
a time difference between the reference points.

[0009] The first signal may be an electrocardiogram
measured at a heart of the patient, and the second signal
may be a pulse wave measured at a femoral artery, an
upper arm, a radial artery, an arm, a wrist, a hand, a leg,
an ankle or a foot of the patient.

[0010] The first signal may be a pulse wave measured
at a carotid artery or a subclavian artery of the patient,
and the second signal may be a pulse wave measured
at a femoral artery, an upper arm, a radial artery, an arm,
a wrist, a hand, a leg, an ankle or a foot of the patient.
[0011] The first signal may be a pulse wave measured
at a femoral artery of the patient, and the second signal
may be a pulse wave measured at a leg, an ankle or a
foot of the patient.

[0012] The matching unit may be configured to acquire
at least one of maximum points of the first signal and the
second signal and to match the cycles of the first signal
and the second signal based on the maximum point of
the second signal generated within one cycle of the first
signal from the maximum point of the first signal.
[0013] The matching unit may be configured to extract
a plurality of candidate minimum points and candidate
maximum points from at least one of the first signal and
the second signal and to acquire, as the maximum point,
one of the candidate maximum points extracted based
on an average slope of a section between each of the
candidate minimum points and each of the candidate
maximum points.

[0014] Each of the candidate maximum points may be
generated within a predetermined time from a time at
which each of the candidate minimum points is generat-
ed.

[0015] The matching unit may be configured to acquire
an average slope of a predetermined section set at a
central portion between a time at which each of the can-
didate minimum points is generated and a time at which
each of the candidate maximum points is generated, and
to acquire one of the candidate maximum points as the
maximum point if the average slope of the predetermined
section is larger than an average slope of a section be-
tween each of the candidate minimum points and each
of the candidate maximum points.

[0016] If the first signal is an electrocardiogram meas-
ured at a heart of the patient, the reference point of the
first signal may be a maximum point of the electrocardi-
ogram.

[0017] If at least one of the first signal and the second
signal is a pulse wave measured at one pointin the body
of the patient, the reference point of at least one of the
first signal and the second signal may be a minimum
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point of the pulse wave, and the diagnosis unit may be
configured to acquire, as the minimum point of the pulse
wave, a point generated closest to a time corresponding
to a point at which a slope of a tangent line of the pulse
wave is largest among points at which a change value
of a slope of the pulse wave is equal to or larger than a
predetermined value.

[0018] If at least one of the first signal and the second
signal is a pulse wave measured at one point in the body
of the patient, the reference point of at least one of the
first signal and the second signal may be a minimum
point of the pulse wave, and the diagnosis unit may be
configured to extract a temporary minimum point gener-
ated before a maximum point of the pulse wave, divide
a section between the extracted temporary minimum
point and the maximum point into a predetermined
number of equal sections, and acquire, as the minimum
point of the pulse wave, a point at which a tangent line
having a largest slope in a first section of the equal sec-
tions meets with a horizontal line making contact with the
temporary minimum point.

[0019] Thediagnosis unitmay be configured to acquire
data related to at least one time difference calculated
fromthe reference points of the first signal and the second
signal, collect data satisfying a normal distribution having
reliability equal to or higher than a predetermined value
among the acquired data, and calculate an average value
of the collected data to acquire the time difference.
[0020] Thediagnosis unitmay be configured to acquire
data related to at least one time difference calculated
fromthe reference points of the first signal and the second
signal, collect data in which a Mahalanobis distance is
equal to or less than a predetermined value from among
the acquired data, and calculate an average value of the
collected data to acquire the time difference.

[0021] According to another exemplary embodiment
of the present invention, there is provided a method for
diagnosing a blood circulation disturbance, which is per-
formed by acomputing device including atleast one proc-
essor and a memory for storing at least one program
executed by the processor, comprising: measuring a first
signal and a second signal associated with a cardiac im-
pulse of a patient at two different points in a body of the
patient; matching cycles of the first signal and the second
signal; acquiring reference points included in the
matched cycles of the first signal and the second signal;
and diagnosing the blood circulation disturbance of the
patient using a time difference between the reference
points.

[0022] The first signal may be an electrocardiogram
measured at a heart of the patient, and the second signal
may be a pulse wave measured at a femoral artery, an
upper arm, a radial artery, an arm, a wrist, a hand, a leg,
an ankle or a foot of the patient.

[0023] The first signal may be a pulse wave measured
at a carotid artery or a subclavian artery of the patient,
and the second signal may be a pulse wave measured
at a femoral artery, an upper arm, a radial artery, an arm,
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a wrist, a hand, a leg, an ankle or a foot of the patient.
[0024] The first signal may be a pulse wave measured
at a femoral artery of the patient, and the second signal
may be a pulse wave measured at a leg, an ankle or a
foot of the patient.

[0025] The act of matching cycles may include: acquir-
ing at least one of maximum points of the first signal and
the second signal; and matching the cycles of the first
signal and the second signal based on the maximum
point of the second signal generated within one cycle of
the first signal from the maximum point of the first signal.
[0026] The act of acquiring at least one of maximum
points may include: extracting a plurality of candidate
minimum points and candidate maximum points from at
least one of the first signal and the second signal; and
acquiring, as the maximum point, one of the candidate
maximum points extracted based on an average slope
of a section between each of the candidate minimum
points and each of the candidate maximum points.
[0027] Each of the candidate maximum points may be
generated within a predetermined time from a time at
which each of the candidate minimum points is generat-
ed.

[0028] The actofacquiring, as the maximum point, one
of the candidate maximum points may include: acquiring
an average slope of a predetermined section set at a
central portion between a time at which each of the can-
didate minimum points is generated and a time at which
each of the candidate maximum points is generated; and
acquiring one of the candidate maximum points as the
maximum point if the average slope of the predetermined
section is larger than an average slope of a section be-
tween each of the candidate minimum points and each
of the candidate maximum points.

[0029] If the first signal is an electrocardiogram meas-
ured at a heart of the patient, the reference point of the
first signal may be a maximum point of the electrocardi-
ogram.

[0030] If at least one of the first signal and the second
signal is a pulse wave measured at one pointin the body
of the patient, the reference point of at least one of the
first signal and the second signal may be a minimum
point of the pulse wave, and the act of diagnosing the
blood circulation disturbance may include acquiring, as
the minimum point of the pulse wave, a point generated
closestto atime corresponding to a point at which a slope
of atangent line of the pulse wave is largest among points
at which a change value of a slope of the pulse wave is
equal to or larger than a predetermined value.

[0031] If at least one of the first signal and the second
signal is a pulse wave measured at one pointin the body
of the patient, the reference point of at least one of the
first signal and the second signal may be a minimum
point of the pulse wave, and the act of diagnosing the
blood circulation disturbance may include extracting a
temporary minimum point generated before a maximum
point of the pulse wave, dividing a section between the
extracted temporary minimum point and the maximum
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pointinto a predetermined number of equal sections, and
acquiring, as the minimum point of the pulse wave, a
point at which a tangent line having a largest slope in a
first section of the equal sections meets with a horizontal
line making contact with the temporary minimum point.

[0032] The act of diagnosing the blood circulation dis-
turbance may include acquiring data related to at least
one time difference calculated from the reference points
of the first signal and the second signal, collecting data
satisfying a normal distribution having reliability equal to
or higher than a predetermined value among the acquired
data, and calculating an average value of the collected
data to acquire the time difference.

[0033] The act of diagnosing the blood circulation dis-
turbance may include acquiring data related to at least
one time difference calculated from the reference points
of the first signal and the second signal, collecting data
in which a Mahalanobis distance is equal to or less than
a predetermined value from among the acquired data,
and calculating an average value of the collected data to
acquire the time difference.

[0034] According to a further exemplary embodiment
of the present invention, there is provided a computer
program stored in a computer-readable recording medi-
um to execute, in combination with hardware: measuring
a first signal and a second signal associated with a car-
diac impulse of a patient at two different points in a body
of the patient; matching cycles of the first signal and the
second signal; acquiring reference points included in the
matched cycles of the first signal and the second signal;
and diagnosing the blood circulation disturbance of the
patient using a time difference between the reference
points.

[0035] According to the embodiments of the present
invention, the cycles of the first signal and the second
signal can be precisely matched by extracting the max-
imum points of the first signal and the second signal
measured from the body of a patient. Furthermore, when
one or more of the first signal and the second signal are
pulse waves, the extracted maximum points are checked
by comparing the average slopes of the pulse waves.
This makes it possible to improve the accuracy of the
maximum point extraction even in a pulse wave including
noise.

[0036] Furthermore, according to the embodiments of
the present invention, it is possible to improve the accu-
racy of a diagnosis result by extracting the reference
points from the first signal and the second signal and
diagnosing a blood circulation disturbance based on the
time difference between the extracted reference points.
[0037] In addition, according to the embodiments of
the present invention, data corresponding to error occur-
rence is filtered from a plurality of data related to the time
difference between the reference points of the first signal
and the second signal, and a blood circulation distur-
bance is diagnosed using the average value obtained
from the filtered data. This makes it possible to acquire
a highly reliable diagnosis result.
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Brief Description of the Drawings

[0038]

FIG. 1 is a block diagram showing a detailed config-
uration of a blood circulation disturbance diagnosing
device according to an embodiment of the present
invention.

FIG. 2 is a graph showing an electrocardiogram and
waveforms of pulse waves according to an embod-
iment of the present invention.

FIG. 3 is a flowchart illustrating a method for diag-
nosing a blood circulation disturbance according to
an embodiment of the present invention.

FIG. 4 is a block diagram illustrating and explaining
a computing environment including a computing de-
vice suitable for use in exemplary embodiments.

Detailed Description

[0039] Hereinafter, specific embodiments of the
present invention will be described with reference to the
drawings. The following detailed description is provided
to enhance the comprehensive understanding of the
methods, devices and/or systems described herein.
However, this is merely an example and the present in-
vention is not limited thereto.

[0040] In the following description, the detailed de-
scription of known techniques related to the present in-
vention will be omitted if it is determined that the gist of
the present invention may be unnecessarily made ob-
scure by the description. The terms used herein are de-
fined in consideration of the functions in the present in-
vention and may be changed according to the intention
of a user, an operator or the like and the custom. There-
fore, the definition of the terms should be based on the
contents of the subject specification as a whole. The
terms used in the detailed description are intended only
to describe embodiments of the present invention and
should not be limitative. Unless specifically stated other-
wise, the expression in a singular form includes the
meaning in a plural form. In the following description, the
expressions "comprising", "including" and the like are in-
tended to indicate certain features, numbers, steps, op-
erations, elements, or parts or combinations thereof, and
should not be construed to preclude the presence or pos-
sibility of one or more features, numbers, steps, opera-
tions, elements, or parts or combinations thereof other
than those described herein.

[0041] FIG. 1 is a block diagram showing a detailed
configuration of a blood circulation disturbance diagnos-
ing device 100 according to an embodiment of the
present invention.

[0042] In the present embodiments, the pulse wave
refers to a wave in which blood propagates in the form
of a wave from the heart according to a cardiac impulse.
The pulse wave means a pulse transmitted to a peripheral
nerve. In this case, the cardiac impulse means the move-
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ment of the myocardium that contracts and relaxes to
move blood.

[0043] The pulse wave may be measured by a pulse
wave measuring sensor at the respective parts of the
human body. The respective parts of the human body
may be, forexample, a carotid artery, a subclavian artery,
afemoral artery, a brachial artery, a radial artery, an arm,
a wrist, a hand, a leg, an ankle, a foot and the like. Mean-
while, in the case of a patient having a symptom of arte-
riosclerosis, the pulse wave propagation speed increas-
es and, therefore, the shape of the pulse wave changes.
[0044] In the present embodiments, an electrocardio-
gram (ECQG) refers to a record of an active current gen-
erated in the myocardium according to the cardiac im-
pulse. The electrocardiogram may include Q, R, S and
T sections. In addition, the electrocardiogram may be
measured by a derivation method derived from the left
and right hands, a derivation method derived from the
right hand and the left foot, a derivation method derived
from the left hand and the left foot, and a derivation meth-
od based on unipolar derivation. The above-described
derivation methods are well known to those skilled in the
art and, therefore, the detailed description thereof will be
omitted.

[0045] Hereinafter, the configuration of the blood cir-
culation disturbance diagnosing device 100 will be de-
scribed in detail with reference to FIG. 1. As shown in
FIG. 1, the blood circulation disturbance diagnosing de-
vice 100 according to an exemplary embodiment of the
present invention includes a measurement unit 102, a
matching unit 104, and a diagnosis unit 106.

[0046] The measurement unit 102 may measure a sig-
nal associated with a cardiac impulse from the body of a
patient. The term "patient" used herein may be used in
a broad sense including not only a patient actually suf-
fering from a blood circulation disturbance but also a sub-
ject for which a blood circulation disturbance is to be di-
agnosed. Signals associated with a cardiac impulse may
include one or more of the pulse wave and the electro-
cardiogram described above. In one example, the pulse
wave may be, but is not limited to, a femoral pulse wave
measured at the thigh of a patient or a carotid pulse wave
measured at the carotid artery of a patient. The pulse
wave may be a pulse wave measured at a subclavian
artery, an upper arm, a radial artery, an arm, a wrist, a
hand, a led, an ankle, a foot and so on. For this purpose,
the measurement unit 102 may be provided with a pulse
wave measuring sensor.

[0047] The measurement unit 102 may measure two
signals, i.e., afirst signal and a second signal, which are
associated with a cardiac impulse, from the body of a
patient. Specifically, the first signal may be an electro-
cardiogram measured at the heart of the patient, and the
second signal may be a pulse wave measured at the
femoral artery, the upper arm, the radial artery, the arm,
the wrist, the hand, the leg, the ankle or the foot of the
patient. The first signal may be a pulse wave measured
atthe carotid artery or the subclavian artery of the patient,
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and the second signal may be a pulse wave measured
at the femoral artery, the upper arm, the radial artery, the
arm, the wrist, the hand, the leg, the ankle or the foot of
the patient. In addition, the first signal may be a pulse
wave measured at the femoral artery of the patient, and
the second signal may be a pulse wave measured at the
leg, the ankle or the foot of the patient.

[0048] The blood circulation disturbance diagnosing
device 100 according to an embodiment of the present
invention may compare the first signal with the second
signal to determine a time period during which a wave is
transmitted along a blood vessel. For example, the blood
circulation disturbance diagnosing device 100 may
measure a transmission time of a wave transmitted from
the heart to the thigh according to the cardiac impulse
by comparing the electrocardiogram with the pulse wave
measured at the thigh. In addition, the blood circulation
disturbance diagnosing device 100 may measure a trans-
mission time of a pulse transmitted from the thigh to the
ankle according to the cardiac impulse by comparing the
pulse wave measured at the thigh with the pulse wave
measured at the ankle. Thereafter, the blood circulation
disturbance diagnosing device 100 may diagnose a
symptom of blood circulation disturbance by comparing
the transmission time of a wave transmitted between the
heart and the thigh and the transmission time of a wave
transmitted between the thigh and the ankle. In the
above-mentioned example, a patient having a symptom
of arteriosclerosis shows a conspicuous symptom that
the blood vessel become harder from the main part to-
ward the distal end part of a body. Therefore, the blood
circulation disturbance diagnosing device 100 may ac-
quire a ratio of the transmission time of the wave in each
part of the human body and may diagnose a blood cir-
culation disturbance based on each ratio.

[0049] The matching unit 104 may match the cycles of
the first signal and the second signal. Matching the cycles
means specifying mutually corresponding cycles among
the cycles of the first signal and the second signal. That
is, matching the cycles means a process of interconnect-
ing the cycles generated in the first signal and the second
signal by the same cardiac impulse. Specifically, the first
signal and the second signal are configured such that
the cycle is repeated according to the cardiac impulse.
Since the time taken for the wave according to the cardiac
impulse to be transmitted to each point of the human
body is different, the first signal and the second signal
do not record the same waveform. For example, the time
at which the maximum point is generated in each of the
first signal and the second signal may be different. Ac-
cordingly, the matching unit 104 may match a specific
cycle of the first signal with a cycle of the second signal
generated by the same cardiac impulse.

[0050] According to one embodiment, the matching
unit 104 may match the cycles of the first signal and the
second signal with reference to a maximum point of each
of the first signal and the second signal. Specifically, the
matching unit 104 may acquire one or more maximum
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points of the first signal and the second signal and may
match the cycles of the first signal and the second signal
based on the maximum point of the second signal gen-
erated within one cycle of the first signal from the maxi-
mum point of the first signal.

[0051] On the other hand, the matching unit 104 may
acquire a cycle of a cardiac impulse using a fast Fourier
transform (FFT). In the present embodiments, the cycle
of each of the first signal and the second signal is a signal
associated with the cardiac impulse and, therefore, may
be the same as the cycle of the cardiac impulse. In one
example, the matching unit 104 may convert the data
related to the electrocardiogram indicated in terms of a
time domain into data in terms of a frequency domain
using the FFT. The frequency of the electrocardiogram
may be in a range of 40 Hz to 150 Hz. Then, the matching
unit 104 may measure the cycle of the cardiac impulse
from the frequency of the electrocardiogram thus ob-
tained. However, the cycle of the cardiac impulse varies
from moment to moment. Therefore, the time greater
than the measured cycle of the cardiac impulse by a pre-
determined magnitude or more (e.g., 10% of the meas-
ured cycle) may be recognized as the cycle of the cardiac
impulse.

[0052] The matching unit 104 may obtain maximum
points of the first signal and the second signal in consid-
eration of the slopes of the first signal and the second
signal. For example, the matching unit 104 may extract,
as the maximum point, a point at which the measured
slope of the electrocardiogram changes from +20 [mV/s]
to -20 [mV/s]. However, this is nothing more than an ex-
ample presented for the sake of understanding and does
not limit the method of acquiring the maximum point. If
at least one of the first signal and the second signal is a
pulse wave, the matching unit 104 may perform a sepa-
rate algorithm to accurately extract a maximum point of
the pulse wave. Since the pulse wave contains a lot of
noise due to its characteristics, there is a limitation in
accurately extracting the maximum point only by the con-
ventional maximum point acquisition method. Hereinaf-
ter, the algorithm for obtaining the maximum point from
the measured pulse wave by the matching unit 104 will
be described in detail.

[0053] First, the matching unit 104 may extract a can-
didate minimum point and a candidate maximum point
from at least one of the first signal and the second signal.
The candidate minimum point and the candidate maxi-
mum point are a temporary minimum point and a tempo-
rary maximum point acquired by a conventional method
of extracting a minimum point and a maximum point. In
other words, the candidate minimum point and the can-
didate maximum point may be a set of points respectively
estimated as a minimum point and a maximum point.
According to one embodiment, the candidate maximum
point may be generated within a predetermined time pe-
riod from the time at which the candidate minimum point
has been generated. For example, the candidate maxi-
mum point may occur within a time period corresponding
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to 1/3 of the cycle of the cardiac impulse from the time
at which the candidate minimum point has been gener-
ated.

[0054] Next, the matching unit 104 may acquire a max-
imum point using an average slope in a section between
the candidate minimum point and the candidate maxi-
mum point. In particular, the matching unit 104 may ac-
quire an average slope in a section between the candi-
date minimum point and the candidate maximum point
extracted from at least one of the first signal and the sec-
ond signal. Then, the matching unit 104 may acquire an
average slope in a central section set between the time
at which the candidate minimum point has been gener-
ated and the time at which the candidate maximum point
has been generated. In this case, if the average slope of
the central section is larger than the average slope in the
section between the candidate minimum point and the
candidate maximum point, the matching unit 104 may
acquire the candidate maximum point as a maximum
point.

[0055] In one example, the matching unit 104 may di-
vide the time domain between the candidate minimum
point and the candidate maximum point into six equal
sections. Then, the matching unit 104 may acquire an
average slope of at least one of the first signal and the
second signal corresponding to the fourth section of the
six equal sections. Finally, the matching unit 104 may
compare the average slope of the fourth section with the
average slope in the section between the candidate min-
imum point and the candidate maximum point. If the av-
erage slope of the fourth section is larger than the aver-
age slope in the section between the candidate minimum
point and the candidate maximum point, the matching
unit 104 may determine that the candidate maximum
point is a true maximum point. If the average slope of the
fourth section is smaller than the average slope in the
section between the candidate minimum point and the
candidate maximum point, the matching unit 104 may
determine that the candidate maximum point has been
erroneously extracted, and may extract a candidate min-
imum point and a candidate maximum point again.
[0056] The diagnosis unit106 is a module for analyzing
the first signal and the second signal to determine wheth-
er a patient has a symptom of blood circulation distur-
bance. Specifically, the diagnosis unit 106 may compare
the first signal and the second signal whose cycles have
been matched, to acquire a time difference in transmis-
sion of a wave generated by a cardiac impulse. The di-
agnosis unit 106 may determine the presence or absence
of a symptom of blood circulation disturbance by meas-
uring a ratio of the time differences in transmission of the
waves acquired for the respective parts of a human body.
[0057] According to one embodiment, the diagnosis
unit 106 may acquire the respective reference points in-
cluded in the matched cycles of the first signal and the
second signal, and may diagnose a blood circulation dis-
turbance of a patient using a time difference between the
acquired reference points. For example, the diagnosis
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unit 106 may determine that there is a symptom of arte-
riosclerosis, if the ratio of a wave transmission time dif-
ference between the main parts of a body to the wave
transmission time difference between the distal end parts
ofabody is equal to or larger than a predetermined value.
[0058] According to one embodiment, the reference
point of the first signal may be the maximum point of the
electrocardiogram if the first signal is an electrocardio-
gram measured at the heart of a patient. In other words,
if the first signal is an electrocardiogram, the diagnosis
unit 106 may set the reference point of the first signal to
an R section of the electrocardiogram. A detailed descrip-
tion on a process of extracting the R section of the elec-
trocardiogram by the diagnosis unit 106 will be omitted.
[0059] However,ifthefirstsignalis apulse wave meas-
ured at one point in the body of a patient, the reference
point of the first signal may be the minimum point of the
pulse wave.

[0060] Meanwhile, in the present embodiments, the
second signal is a pulse wave and, therefore, the refer-
ence point of the second signal may be the minimum
point of the pulse wave. Hereinafter, a process of extract-
ing a minimum point of at least one of the first signal and
the second signal by the diagnosis unit 106 will be de-
scribed in detail.

[0061] Thediagnosis unit 106 may acquire, as the min-
imum point of at least one of the first signal and the sec-
ond signal, a point generated closest to the time corre-
sponding to the point at which the slope of a tangent line
of at least one of the first signal and the second signal is
largest among the points at which a change value of a
slope of at least one of the first signal and the second
signal is equal to or larger than a predetermined value.
In other words, the diagnosis unit 106 may determine
that the final point among the points where a second de-
rivative value of at least one of the first signal and the
second signal is equal to or larger than a predetermined
value in the negative (-) direction of the time from the
maximum value of first derivative values obtained by dif-
ferentiating at least one of the first signal and the second
signal with respect to time is the minimum point of at least
one of the first signal and the second signal. According
to one embodiment, when the slope of at least one of the
first signal and the second signal changes from a nega-
tive value to a positive value within a predetermined time,
the diagnosis unit 106 may determine that the second
derivative value is equal to or larger than the predeter-
mined value. Accordingly, when one or more minimum
points of the first signal and the second signal are con-
secutively generated, the diagnosis unit 106 may recog-
nize the last generated minimum pointas a true minimum
point.

[0062] In addition, the diagnosis unit 106 may extract
a temporary minimum point generated before the maxi-
mum point of atleast one of the first signal and the second
signal, may divide the section between the extracted tem-
porary minimum point and the maximum point into a pre-
determined number of (e.g., three) equal sections, may
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acquire a point at which the slope of a tangent line is
largest in the first section of the equal sections, and may
specify a point at which the tangent line and the straight
line tangent to the temporary minimum point meet, as
the minimum point of at least one of the first signal and
the second signal. In this regard, the temporary minimum
point may mean a minimum point of a graph extracted
using a typical algorithm and may be the same as or
different from the above-mentioned candidate minimum
point.

[0063] The diagnosis unit 106 may measure the refer-
ence points of the first signal and the second signal in
the above-described manner and may acquire data re-
lated to the time difference between the reference points.
According to one embodiment, the diagnosis unit 106
may acquire a plurality of data related to the time differ-
ence. At this time, the diagnosis unit 106 may perform a
process of determining whether the acquired plurality of
data is data to be collected. That is, the diagnosis unit
106 may filter data related to error occurrence among
the acquired plurality of data.

[0064] According to one embodiment, the diagnosis
unit 106 may selectively collect data that satisfies a nor-
mal distribution of 95% confidence. Specifically, the di-
agnosis unit 106 may acquire an average and a standard
deviation from the previously collected data and may up-
date the average and the standard deviation by reflecting
the data selectively collected from the average and the
standard deviation acquired previously. In one example,
if the difference between the newly collected data and
the previously acquired average falls within the previous-
ly acquired standard deviation, the diagnosis unit 106
may determine that the new data is the data to be col-
lected and may selectively collect the new data.

[0065] According to one embodiment, the diagnosis
unit 106 may selectively collect data in which Mahalano-
bis distance is within a predetermined distance (e.g., 2).
Specifically, the diagnosis unit 106 may acquire an av-
erage and a standard deviation of the collected data. If
the value obtained by dividing the difference between the
newly acquired data and the previously acquired average
by the standard deviation is equal to or less than a pre-
determined value (e.g., 2), the diagnosis unit 106 may
determines that the data is the data to be collected and
may selectively collect the data.

[0066] Meanwhile, the diagnosis unit 106 may acquire
an average value of the data acquired using the normal
distribution and an average value of the data acquired
using the Mahalanobis distance, respectively, and may
compare them to acquire a time difference between the
reference points of the first signal and the second signal.
Specifically, if the difference between the average value
acquired using the normal distribution and the average
value acquired using the Mahalanobis distance is less
than the predetermined value (e.g., 1/20 of the standard
deviation), the diagnosis unit 106 may determine that an
average of the two average values is a final time differ-
ence.
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[0067] The accuracy of diagnosis of a blood circulation
disturbance may be improved by filtering the data deter-
mined to be an error among the acquired data and ac-
quiring an average value of the time difference between
the reference points of the first signal and the second
signal from the filtered data.

[0068] FIG. 2is a graph showing an electrocardiogram
and waveforms of a pulse wave according to an embod-
iment of the present invention. The blood circulation dis-
turbance diagnosing device 100 according to an embod-
iment of the present invention may determine the trans-
mission time of a wave transmitted along a blood vessel
by comparing the first signal and the second signal. Spe-
cifically, the blood circulation disturbance diagnosing de-
vice 100 may match the cycles using the maximum points
of the first signal and the second signal, and may meas-
ure the transmission time of the wave in the blood vessel
using the reference points included in the matched cycles
of the first signal and the second signal. In this regard,
the first signal may be an electrocardiogram measured
at the heart of the patient, and the second signal may be
a pulse wave measured at the femoral artery, the upper
arm, the radial artery, the arm, the wrist, the hand, the
leg, the ankle or the foot of the patient. Furthermore, the
first signal may be a pulse wave measured at the carotid
artery or the subclavian artery of the patient, and the sec-
ond signal may be a pulse wave measured at the femoral
artery, the upper arm, the radial artery, the arm, the wrist,
the hand, the leg, the ankle or the foot of the patient. In
addition, the first signal may be a pulse wave measured
at the femoral artery of the patient, and the second signal
may be a pulse wave measured at the leg, the ankle or
the foot of the patient.

[0069] First,a method of diagnosing a blood circulation
disturbance by comparing an electrocardiogram (x) and
a pulse wave (y) will be described. At this time, the pulse
wave (y) may be a pulse wave measured at the femoral
artery, the upper arm, the radial artery, the arm, the wrist,
the hand, the leg, the ankle or the foot of a patient. The
electrocardiogram (x) is generally composed of P, Q, R,
S and T sections. In particular, the R section of the elec-
trocardiogram refers to a section in which the ventricle
contracts to discharge blood from the heart. As shown in
FIG. 2, the largest electric potential is generated in the
R section of the electrocardiogram. That is, the electro-
cardiogram has a maximum point in the R section (a).
On the other hand, in the pulse wave (y), a minimum
point (FOOT) and a maximum point (PEAK) are alter-
nately generated as shown in FIG. 2.

[0070] The blood circulation disturbance diagnosing
device 100 may match the cycles of the respective sig-
nals using the maximum point in the R section (a) of the
electrocardiogram and the maximum point (PEAK) of the
pulse wave (y). According to one embodiment, the blood
circulation disturbance diagnosing device 100 may de-
termine that the maximum point of the electrocardiogram
(x) and the maximum point (PEAK) of the pulse wave (y)
generated within one cycle of a cardiacimpulse after gen-
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eration of the maximum point of the electrocardiogram
(x)) correspond to the same cycle. One cycle of the car-
diac impulse may be, for example, the difference be-
tween the time at which the first maximum point of the
electrocardiogram (x) is generated and the time at which
the second maximum point of the electrocardiogram (x)
is generated. In the above example, the blood circulation
disturbance diagnosing device 100 may determine that
the first maximum point of the electrocardiogram (x)
matches the first maximum point of the pulse wave (y)
generated before generation of the second maximum
point of the electrocardiogram (x). That is, the blood cir-
culation disturbance diagnosing device 100 may deter-
mine that the first maximum point of the electrocardio-
gram (x) and the first maximum point of the pulse wave
(y) are generated by the same cardiac impulse.

[0071] The blood circulation disturbance diagnosing
device 100 may diagnose a blood circulation disturbance
of a patient by using the minimum point (FOOT) of the
pulse wave (y). According to one embodiment, the blood
circulation disturbance diagnosing device 100 may
measure a difference between the time at which the ref-
erence point of the electrocardiogram (x) and the time at
which the reference point of the pulse wave (y) is gener-
ated. At this time, the reference point of the electrocar-
diogram (x) may be the maximum point of the electrocar-
diogram (x) and the reference point of the pulse wave (y)
may be the minimum point (FOOT) of the pulse wave (y).
As described above, the blood circulation disturbance
diagnosing device 100 may acquire the time difference
(b) between the maximum point in the R section (a) of
the electrocardiogram (x) and the minimum point (FOOT)
of the pulse wave (y).

[0072] Next,a method of diagnosing ablood circulation
disturbance by comparing a pulse wave (z) with a pulse
wave (y) will be described.

[0073] The blood circulation disturbance diagnosing
device 100 may match the cycles of the respective sig-
nals using the maximum points (PEAKs) of the pulse
wave (z) and the pulse wave (y). According to an em-
bodiment, the blood circulation disturbance diagnosing
device 100 may determine that the maximum point
(PEAK) of the pulse wave (z) and the maximum point
(PEAK) of the pulse wave (y) generated within one cycle
of a cardiac impulse after the maximum point (PEAK) of
the pulse wave (z) is generated correspond to the same
cycle. One cycle of the cardiac impulse may be, for ex-
ample, a difference between the time at which the first
maximum point (PEAK) ofthe pulse wave (y) is generated
and the time at which the second maximum point (PEAK)
of the pulse wave (y) is generated. In the above example,
the blood circulation disturbance diagnosing device 100
may determine that the first maximum point of the pulse
wave (z) and the first maximum point (PEAK) of the pulse
wave (y) are matched. That is, the blood circulation dis-
turbance diagnosing device 100 may determine that the
first maximum point of the pulse wave (z) and the first
maximum point of the pulse wave (y) are generated by
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the same cardiac impulse.

[0074] The blood circulation disturbance diagnosing
device 100 may diagnose a blood circulation disturbance
of a patient using the minimum points (FOOTSs) of the
pulse wave (z) and the pulse wave (y). According to one
embodiment, the blood circulation disturbance diagnos-
ing device 100 may acquire a difference (c) between the
time at which the first minimum point (FOOT) of the pulse
wave (z) is generated and the time at which the minimum
point (FOOT) of the pulse wave (y) is generated.
[0075] FIG. 3 is a flowchart illustrating a blood circula-
tion disturbance diagnosing method 300 according to an
embodiment of the present invention. The method shown
in Fig. 3 may be performed, for example, by the blood
circulation disturbance diagnosing device 100 described
above. In the illustrated flowchart, the method is de-
scribed as being divided into a plurality of steps. Howev-
er, at least some of the steps may be performed in dif-
ferent orders, may be combined with other steps and
performed together, may be omitted, or may be divided
into sub-steps. One or more steps may be added.
[0076] The measurement unit 102 may measure a first
signal and a second signal associated with a cardiac im-
pulse of a patient at different points in the body of the
patient (S302). In one embodiment, the first signal may
be an electrocardiogram measured at the heart of the
patient, and the second signal may be a pulse wave
measured at the femoral artery, the upper arm, the radial
artery, the arm, the wrist, the hand, the leg, the ankle or
the foot of the patient. Furthermore, the first signal may
be a pulse wave measured at the carotid artery or the
subclavian artery of the patient, and the second signal
may be a pulse wave measured at the femoral artery,
the upper arm, the radial artery, the arm, the wrist, the
hand, the leg, the ankle or the foot of the patient. In ad-
dition, the first signal may be a pulse wave measured at
the femoral artery of the patient, and the second signal
may be a pulse wave measured at the leg, the ankle or
the foot of the patient.

[0077] Next, the matching unit 104 may match the cy-
cles of the first signal and the second signal thus meas-
ured (S304). Matching the cycles means determining
whether each point of the first signal and the second sig-
nalis generated by the same cardiac impulse. According
to one embodiment, the matching unit 104 may acquire
the maximum points of the first signal and the second
signal and may match the cycles of the first signal and
the second signal based on the maximum point of the
second signal generated within one cycle of the first sig-
nal from the time at which the maximum point of the first
signal is generated. Specifically, the matching unit 104
may extract a candidate minimum point and a candidate
maximum point from at least one of the first signal and
the second signal, and may acquire a maximum point
based on the average slope in the section between the
candidate minimum point and the candidate maximum
point. Points can be obtained. In this regard, the candi-
date minimum point and the candidate maximum point
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are temporary points estimated as a minimum point and
a maximum point, and may be acquired through a typical
algorithm. In one example, the candidate maximum point
may be generated within a predetermined time (e.g., 1/3
of the cycle) from the time at which the candidate mini-
mum point is generated.

[0078] The matching unit 104 may execute an algo-
rithm for extracting a true maximum point among one or
more candidate maximum points. According to one em-
bodiment, the matching unit 104 may acquire an average
slope for a predetermined section setin a central portion
between the time at which the candidate minimum point
is generated and the time at which the candidate maxi-
mum point is generated. If the average slope of the pre-
determined section is larger than the average slope in
the section between the candidate minimum point and
the candidate maximum point, the matching unit 104 may
acquire the candidate maximum point as the maximum
point. For example, the matching unit 104 may divide the
section between the candidate minimum point and the
candidate maximum point into six equal sections. If the
average slope corresponding to the fourth section of the
six equal sections is larger than the average slope in the
section between the candidate minimum point and the
candidate maximum point, the matching unit 104 may
determine that the candidate maximum point is a true
maximum point.

[0079] Next, the diagnosis unit 106 may acquire a ref-
erence point within the matched cycles of the first signal
and the second signal (S306). At this time, if the first
signal is an electrocardiogram measured at the heart of
the patient, the reference point of the first signal may be
the maximum point of the electrocardiogram. In addition,
if at least one of the first signal and the second signal is
a pulse wave measured at any one point of the body of
the patient, the reference point of at least one of the first
signal and the second signal may be the minimum point
of the pulse wave.

[0080] According to one embodiment, the diagnosis
unit 106 may acquire, as the minimum point of at least
one of the first signal and the second signal, a point gen-
erated closest to the time corresponding to the point at
which the slope of a tangent line of at least one of the
first signal and the second signal is largest among the
points at which a change value of a slope of at least one
of the first signal and the second signal is equal to or
larger than a predetermined value. In addition, the diag-
nosis unit 106 may extract a temporary minimum point
generated before the maximum point of at least one of
the first signal and the second signal, may divide the sec-
tion between the extracted temporary minimum pointand
the maximum pointinto a predetermined number of (e.g.,
three) equal sections, and may acquire, as the minimum
point of at least one of the first signal and the second
signal, a point at which a tangent line having a largest
slope in the first section of the equal sections meets with
a horizontal line making contact with the temporary min-
imum point.
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[0081] Next, the diagnosis unit 106 may diagnose a
blood circulation disturbance of a patient using the time
difference corresponding to the acquired reference point
(S308). Specifically, the diagnosis unit 106 may compare
the first signal and the second signal whose cycles are
matched, to obtain a transmission time difference of the
wave by the cardiacimpulse. The diagnosis unit 106 may
determine the presence or absence of a symptom of a
blood circulation disturbance by measuring the ratio of
the wave transmission time differences acquired for the
respectively parts of the body. According to one embod-
iment, the diagnosis unit 106 may acquire a plurality of
data related to the time difference. In this case, the diag-
nosis unit 106 may determine whether at least a part of
the acquired data is the data acquired due to the occur-
rence of an error. Specifically, the diagnosis unit 106 may
acquires data related to one or more time differences
calculated from the reference points of the first signal and
the second signal, and may selectively collect the data
satisfying a normal distribution having reliability equal to
or higher than a predetermined value among the acquired
data. In addition, the diagnosis unit 106 may acquire data
related to one or more time differences calculated from
the reference points of the first signal and the second
signal, and may selectively collect the data having a Ma-
halanobis distance equal to or less than a predetermined
value from the acquired data. Then, the diagnosis unit
106 may calculate an average value of the collected data
to acquire the time difference.

[0082] FIG. 4 is a block diagram for illustrating and ex-
plaining a computing environment 10 that includes a
computing device suitable for use in the exemplary em-
bodiments. In the illustrated embodiment, each compo-
nent may have different functions and abilities other than
those described below. The computing environment 10
may include additional components in addition to those
described below.

[0083] The illustrated computing environment 10 in-
cludes a computing device 12. In one embodiment, the
computing device 12 may be a blood circulation distur-
bance diagnosing device 100.

[0084] The computing device 12 includes at least one
processor 14, a computer-readable storage medium 16
and a communication bus 18. The processor 14 may
cause the computing device 12 to operate in accordance
with the exemplary embodiment discussed above. For
example, the processor 14 may execute one or more
programs stored in the computer-readable storage me-
dium 16. The one or more programs may include one or
more computer-executable instructions. When executed
by the processor 14, the computer-executable instruc-
tions may cause the computing device 12 to perform op-
erations in accordance with the exemplary embodiment.
[0085] The computer-readable storage medium 16 is
configured to store computer-executable instructions,
program codes, program data and/or other suitable forms
of information. The program 20 stored in the computer-
readable storage medium 16 includes a set of instruc-

10

15

20

25

30

35

40

45

50

55

10

tions executable by the processor 14. In one embodi-
ment, the computer-readable storage medium 16 may
be a memory (a volatile memory such as random access
memory or the like, a non-volatile memory, or any suitable
combination thereof), one or more magnetic disk storage
devices, optical disk storage devices, flash memory de-
vices, any other form of storage medium that can be ac-
cessed by the computing device 12 and can store the
desired information, or any suitable combination thereof.
[0086] The communication bus 18 interconnects vari-
ous components of the computing device 12 including
the processor 14 and computer-readable storage medi-
um 16.

[0087] The computing device 12 may also include at
least one input/output interface 22 that provides an inter-
face for at least one input/output device 24, and at least
one network communication interface 26. The input/out-
putinterface 22 and the network communicationinterface
26 are connected to the communication bus 18. The in-
put/output device 24 may be connected to other compo-
nents of the computing device 12 via the input/output
interface 22. Examples of the input/output device 24 may
include input devices such as a pointing device (such as
a mouse or track pad), a keyboard, a touch input device
(such as a touch pad or a touch screen), a voice or sound
input device, various kinds of sensor devices and/or an
imaging device, and output devices such as a display
device, a printer, a speaker, and/or a network card. The
exemplary input/output device 24 may be included within
the computing device 12 as a component of the comput-
ing device 12 or may be connected to the computing de-
vice 102 as a separate device distinct from the computing
device 12.

[0088] Meanwhile, the embodiment of the present in-
vention may include a program for performing the meth-
ods described herein on a computer, and a computer-
readable recording medium including the program. The
computer-readable recording medium may include a pro-
gram command, a local data file, a local data structure,
orthe like, either alone orin combination. The media may
be those specially designed and constructed for the
present invention, or may be those commonly used in
the field of computer software. Examples of the compu-
ter-readable recording medium include hardware devic-
es specially configured to store and execute program
commands, such as a magnetic medium such as a hard
disk, a floppy disk or a magnetic tape, an optical recording
medium such as a CDROM or a DVD, a ROM, a RAM,
and a flash memory. Examples of the program may in-
clude not only machine language codes such as those
produced by a compiler, but also high-level language
codes that can be executed by a computer using an in-
terpreter or the like.

[0089] While the presentinvention has been described
with reference to the embodiments shown in the draw-
ings, the aforementioned embodiments are nothing more
than examples. Those skilled in the art will be able to
appreciate that various modifications and other equiva-
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lentembodiments may be made from the aforementioned
embodiments. Therefore, the true technical protection
scope of the present invention should be determined by
the technical idea of the appended claims.

Claims

1. A device for diagnosing a blood circulation distur-
bance, comprising:

a measurement unit configured to measure a
first signal and a second signal associated with
a cardiac impulse of a patient at two different
points in a body of the patient;

a matching unit configured to match cycles of
the first signal and the second signal; and

a diagnosis unit configured to acquire reference
points included in the matched cycles of the first
signal and the second signal and to diagnose
the blood circulation disturbance of the patient
using a time difference between the reference
points.

2. The device of claim 1, wherein the first signal is an
electrocardiogram measured at a heart of the pa-
tient, and the second signal is a pulse wave meas-
ured atafemoral artery, an upper arm, aradial artery,
an arm, a wrist, a hand, a leg, an ankle or a foot of
the patient.

3. The device of claim 1, wherein the first signal is a
pulse wave measured at a carotid artery or a sub-
clavian artery of the patient, and the second signal
is a pulse wave measured at a femoral artery, an
upper arm, a radial artery, an arm, a wrist, a hand,
a leg, an ankle or a foot of the patient.

4. The device of claim 1, wherein the first signal is a
pulse wave measured at a femoral artery of the pa-
tient, and the second signal is a pulse wave meas-
ured at a leg, an ankle or a foot of the patient.

5. The device of claim 1, wherein the matching unit is
configured to acquire at least one of maximum points
of the first signal and at least one of maximum points
of the second signal and to match the cycles of the
first signal and the second signal based on the max-
imum point of the second signal generated within
one cycle of the first signal from the maximum point
of the first signal.

6. The device of claim 5, wherein the matching unit is
configured to extract a plurality of candidate mini-
mum points and candidate maximum points from at
least one of the first signal and the second signal
and to acquire, as the maximum point, one of the
candidate maximum points extracted based on an

10

15

20

25

30

35

40

45

50

55

1"

10.

1.

12.

average slope of a section between each of the can-
didate minimum points and each of the candidate
maximum points.

The device of claim 6, wherein each of the candidate
maximum points is generated within a predeter-
mined time from a time at which each of the candi-
date minimum points is generated.

The device of claim 6, wherein the matching unit is
configured to acquire an average slope of a prede-
termined section set at a central portion between a
time at which each of the candidate minimum points
is generated and a time at which each of the candi-
date maximum points is generated, and to acquire
one of the candidate maximum points as the maxi-
mum point if the average slope of the predetermined
section is larger than an average slope of a section
between each of the candidate minimum points and
each of the candidate maximum points.

The device of claim 1, wherein if the first signal is an
electrocardiogram measured at a heart of the pa-
tient, the reference point of the first signal is a max-
imum point of the electrocardiogram.

The device of claim 1, wherein if at least one of the
first signal and the second signal is a pulse wave
measured at one point in the body of the patient, the
reference point of at least one of the first signal and
the second signal is a minimum point of the pulse
wave, and

the diagnosis unit is configured to acquire, as the
minimum point of the pulse wave, a point generated
closest to a time corresponding to a point at which
a slope of a tangent line of the pulse wave is largest
among points at which a change value of a slope of
the pulse wave is equal to or larger than a predeter-
mined value.

The device of claim 1, wherein if at least one of the
first signal and the second signal is a pulse wave
measured at one point in the body of the patient, the
reference point of at least one of the first signal and
the second signal is a minimum point of the pulse
wave, and

the diagnosis unit is configured to extract a tempo-
rary minimum point generated before a maximum
point of the pulse wave, divide a section between
the extracted temporary minimum point and the max-
imum point into a predetermined number of equal
sections, and acquire, as the minimum point of the
pulse wave, a point at which a tangent line having a
largest slope in a first section of the equal sections
meets with a horizontal line making contact with the
temporary minimum point.

The device of claim 1, wherein the diagnosis unit is
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configured to acquire datarelated to atleastone time
difference calculated from the reference points of the
first signal and the second signal, collect data satis-
fying a normal distribution having reliability equal to
or higher than a predetermined value among the ac-
quired data, and calculate an average value of the
collected data to acquire the time difference.

The device of claim 1, wherein the diagnosis unit is
configured to acquire datarelated to atleastone time
difference calculated from the reference points of the
first signal and the second signal, collect data in
which aMahalanobis distance is equal to orless than
a predetermined value from among the acquired da-
ta, and calculate an average value of the collected
data to acquire the time difference.

A method for diagnosing a blood circulation distur-
bance, which is performed by a computing device
including at least one processor and a memory for
storing at least one program executed by the proc-
essor, comprising:

measuring a first signal and a second signal as-
sociated with a cardiac impulse of a patient at
two different points in a body of the patient;
matching cycles of the first signal and the sec-
ond signal;

acquiring reference points included in the
matched cycles of the first signal and the second
signal; and

diagnosing the blood circulation disturbance of
the patient using a time difference between the
reference points.

The method of claim 14, wherein the first signal is
an electrocardiogram measured at a heart of the pa-
tient, and the second signal is a pulse wave meas-
ured atafemoral artery, an upper arm, aradial artery,
an arm, a wrist, a hand, a leg, an ankle or a foot of
the patient.

The method of claim 14, wherein the first signal is a
pulse wave measured at a carotid artery or a sub-
clavian artery of the patient, and the second signal
is a pulse wave measured at a femoral artery, an
upper arm, a radial artery, an arm, a wrist, a hand,
a leg, an ankle or a foot of the patient.

The method of claim 14, wherein the first signal is a
pulse wave measured at a femoral artery of the pa-
tient, and the second signal is a pulse wave meas-
ured at a leg, an ankle or a foot of the patient.

The method of claim 14, wherein the act of matching
cycles includes:

acquiring at least one of maximum points of the
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first signal and at least one of maximum points
of the second signal; and

matching the cycles of the first signal and the
second signal based on the maximum point of
the second signal generated within one cycle of
the first signal from the maximum point of the
first signal.

The method of claim 18, wherein the act of acquiring
at least one of maximum points includes:

extracting a plurality of candidate minimum
points and candidate maximum points from at
least one of thefirst signal and the second signal;
and

acquiring, as the maximum point, one of the can-
didate maximum points extracted based on an
average slope of a section between each of the
candidate minimum points and each of the can-
didate maximum points.

The method of claim 19, wherein each of the candi-
date maximum points is generated within a prede-
termined time from a time at which each of the can-
didate minimum points is generated.

The method of claim 19, wherein the act of acquiring,
as the maximum point, one of the candidate maxi-
mum points includes:

acquiring an average slope of a predetermined
section set at a central portion between a time
at which each of the candidate minimum points
is generated and a time at which each of the
candidate maximum points is generated; and
acquiring one of the candidate maximum points
as the maximum point if the average slope of
the predetermined section is larger than an av-
erage slope of a section between each of the
candidate minimum points and each of the can-
didate maximum points.

The method of claim 14, wherein if the first signal is
an electrocardiogram measured at a heart of the pa-
tient, the reference point of the first signal is a max-
imum point of the electrocardiogram.

The method of claim 14, wherein if at least one of
the first signal and the second signal is a pulse wave
measured at one point in the body of the patient, the
reference point of at least one of the first signal and
the second signal is a minimum point of the pulse
wave, and

the act of diagnosing the blood circulation distur-
bance includes acquiring, as the minimum point of
the pulse wave, a point generated closest to a time
corresponding to a point at which a slope of a tangent
line of the pulse wave is largest among points at
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which a change value of a slope of the pulse wave
is equal to or larger than a predetermined value.

The method of claim 14, wherein if at least one of
the first signal and the second signal is a pulse wave
measured at one point in the body of the patient, the
reference point of at least one of the first signal and
the second signal is a minimum point of the pulse
wave, and

the act of diagnosing the blood circulation distur-
bance includes extracting a temporary minimum
point generated before a maximum point of the pulse
wave, dividing a section between the extracted tem-
porary minimum point and the maximum point into
a predetermined number of equal sections, and ac-
quiring, as the minimum point of the pulse wave, a
point at which a tangent line having a largest slope
in a first section of the equal sections meets with a
horizontal line making contact with the temporary
minimum point.

The method of claim 14, wherein the act of diagnos-
ing the blood circulation disturbance includes acquir-
ing data related to at least one time difference cal-
culated from the reference points of the first signal
and the second signal, collecting data satisfying a
normal distribution having reliability equal to or high-
er than a predetermined value among the acquired
data, and calculating an average value of the col-
lected data to acquire the time difference.

The method of claim 14, wherein the act of diagnos-
ing the blood circulation disturbance includes acquir-
ing data related to at least one time difference cal-
culated from the reference points of the first signal
and the second signal, collecting data in which a Ma-
halanobis distance is equal to or less than a prede-
termined value from among the acquired data, and
calculating an average value of the collected data to
acquire the time difference.

A computer program stored in a computer-readable
recording medium to execute, in combination with
hardware:

measuring a first signal and a second signal as-
sociated with a cardiac impulse of a patient at
two different points in a body of the patient;
matching cycles of the first signal and the sec-
ond signal;

acquiring reference points included in the
matched cycles of the first signal and the second
signal; and

diagnosing the blood circulation disturbance of
the patient using a time difference between the
reference points.
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[Fig. 2]
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[Fig. 3]
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