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Description

FIELD

[0001] The embodiments discussed herein are related to a signal processor, a signal processing method, and a signal
processing program.

BACKGROUND

[0002] Correlation coefficients may be used for determining whether waveforms of signal or signals have similarity to
each other. Heartbeat measuring devices adopt such a technology for calculating correlation coefficients. The heartbeat
measuring device measures the interval of heartbeats of an operator based on electrocardiographic signals. The elec-
trocardiographic signals are measured using a first electrode and a second electrode provided on a handle of a vehicle
corresponding to the right and left hands of the operator thereon, and a reference electrode for measuring a reference
potential.
[0003] In the above-described heartbeat measuring device, the grip pattern of the handle is determined using the
correlation coefficient when correcting the time of the peak of the amplitude detected from the electrocardiographic
signals. Specifically, the heartbeat measuring device calculates the correlation coefficient between a waveform of an
electrocardiographic signal registered for each grip pattern and an electrocardiographic signal, thereby obtaining the
similarity of the waveforms. Accordingly, the time of the peak of the amplitude is corrected based on the correction
amount associated with the grip pattern of the waveform having the maximum similarity to the registered waveform of
the electrocardiographic signal.

Patent Document 1: Japanese Laid-open Patent Publication No. 2012-239474
Patent Document 2: US Laid-open Patent Publication No. 2010-152600
Patent Document 3: US Laid-open Patent Publication No. 2009-299154

[0004] With the above-described technology, however, the waveforms in similar figures are determined as similar to
each other, whereby the accuracy of determination on the similarity of the waveforms may be reduced.
[0005] Accordingly, it is desirable to provide a signal processor, a signal processing method, and a signal processing
program in which the accuracy of determination on the similarity of waveforms may be improved.

SUMMARY

[0006] According to an aspect of an embodiment, a signal processor includes a signal detection unit, a corrected
correlation coefficient calculating unit and a pulse wave detection unit. The signal detection unit detects a signal in a
frequency band corresponding to a pulse wave from an image in which a living body has been captured. The corrected
correlation coefficient calculating unit calculates a corrected correlation coefficient between waveforms of the signal
included in a first window and a second window having a predetermined duration using the signal detected by the signal
detection unit. The pulse wave detection unit detects a pulse wave from the signal. The corrected correlation coefficient
calculating unit calculates the corrected correlation coefficient using the following equation: 

where x is an amplitude value of the waveform in the first window, x is the average of x(1),...,x(X), y is an amplitude
value of the waveform in the second window, z is a shift index of the second window, y(z) is the average of y(z,1),...,y(z,X),

 is the covariance of the amplitude value in the first window and the amplitude value

in the second window, and  is the larger dispersion out of the dis-

persion of the first window and the dispersion of the second window. The pulse wave detection unit detects the pulse
wave when the corrected correlation coefficient is equal to or larger than a predetermined threshold.
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BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 is a block diagram illustrating the functional configuration of a pulse wave detection apparatus according to
a first embodiment;
FIG. 2 is an exemplary diagram of a face image according to the first embodiment;
FIG. 3 is an exemplary diagram of a spectrum of a G signal and an R signal according to the first embodiment;
FIG. 4 is an exemplary diagram of a spectrum of a signal including a G component and a signal including an R
component multiplied by a correction coefficient k according to the first embodiment;
FIG. 5 is an exemplary diagram of a spectrum after computation according to the first embodiment;
FIG. 6 is a block diagram illustrating the functional configuration of a waveform detecting unit according to the first
embodiment;
FIG. 7 is an exemplary diagram of a method for setting the width of window according to the first embodiment;
FIG. 8 is an exemplary diagram of local maximum points included in a pulse waveform according to the first em-
bodiment;
FIG. 9 is an exemplary diagram of a setting of a shift range according to the first embodiment;
FIG. 10 is an exemplary diagram of waveforms in a standard window and a comparison window according to the
first embodiment;
FIG. 11 is an exemplary diagram of waveforms in the standard window and the comparison window according to
the first embodiment;
FIG. 12 is an exemplary diagram of a flowchart illustrating procedures of waveform detection processing according
to the first embodiment;
FIG. 13 is an exemplary diagram of a flowchart illustrating procedures of correlation coefficient calculation processing
according to the first embodiment; and
FIG. 14 is an explanatory diagram of an exemplary computer that executes a signal processing program according
to the first embodiment and a second embodiment.

DESCRIPTION OF EMBODIMENTS

[0008] Preferred embodiments will be explained with reference to accompanying drawings. The embodiments herein
are not intended to limit the scope of the invention. The embodiments can be combined appropriately as long as the
various types of processing performed in the embodiments are not contradictory to each other.

[a] First Embodiment

Configuration of Pulse Wave Detection Apparatus

[0009] The following describes the functional configuration of a pulse wave detection apparatus according to a first
embodiment. FIG. 1 is a block diagram illustrating the functional configuration of a pulse wave detection apparatus
according to the first embodiment. A pulse wave detection apparatus 10 illustrated in FIG. 1 performs pulse wave
detection processing. In the pulse wave detection processing, the fluctuation of the volume of the blood associated with
a pulse wave, that is, heartbeats of a subject, is detected using an image in which the subject is captured under typical
ambient light such as sunlight and room light, without contacting a measuring instrument with the living body of the subject.
[0010] As a part of the pulse wave detection, the pulse wave detection apparatus 10 determines whether a signal in
the frequency band corresponding to the pulse wave detected from the image in which the living body of the subject is
captured, is used for the pulse wave detection. This is determined by determining whether the waveform of the signal
has a similarity to its waveform of the signal in the past, that is, the waveform of the signal has a periodicity. For the
determination of the similarity, the pulse wave detection apparatus 10 calculates the correlation coefficient between a
waveform of a signal included in a standard window having a predetermined duration and a waveform of a signal included
in a comparison window that has been set backward in time from the standard window for comparison to the waveform
in the standard window.
[0011] As described above, the pulse wave detection apparatus 10 according to the present embodiment performs
signal processing in which the correlation coefficient is calculated when determining the similarity of the waveforms using
the correlation coefficient. The larger the difference between the dispersion of the amplitude value in the standard window
and the dispersion of the amplitude value in the comparison window, the smaller the value of the correlation coefficient
becomes. In the pulse wave detection apparatus 10 according to the present embodiment, therefore, the correlation
coefficient value is calculated to be low although the waveforms in the windows have a similarity relation to each other.
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With the pulse wave detection apparatus 10 according to the present embodiment, therefore, the accuracy of determi-
nation on the similarity of the waveforms can be improved.
[0012] As a mode of the embodiment, the pulse wave detection apparatus 10 can be implemented by installing a
signal processing program in which the above-described signal processing is provided as package software or online
software in a intended computer. For example, the above-described signal processing is installed not only in mobile
communication terminals such as a smart phone, a mobile phone, and a personal handyphone system (PHS), but also
in portable terminal devices such as a digital camera, a tablet terminal, and a slate terminal, which do not have a function
for coupling to a mobile communication network. This enables the portable terminal device to function as the pulse wave
detection apparatus 10. The pulse wave detection apparatus 10 is implemented as portable terminal devices here,
however, the pulse wave detection apparatus 10 can be implemented by installing the signal processing program in a
stand-alone type terminal device such as a personal computer.
[0013] As illustrated in FIG. 1, the pulse wave detection apparatus 10 includes a camera 11, an acquiring unit 13, an
extraction unit 14, a waveform detecting unit 15, a transition determination unit 16a, an extreme value determination
unit 16b, a window width setting unit 17a, a shift range setting unit 17b, a correlation coefficient calculating unit 18, and
a pulse wave detection unit 19.
[0014] The pulse wave detection apparatus 10 may have various types of functions provided in already-known com-
puters in addition to the functions illustrated in FIG. 1. For example, when the pulse wave detection apparatus 10 is
implemented as a stand-alone type terminal device, the pulse wave detection apparatus 10 may have input and output
devices such as a keyboard, a mouse, and a display. When the pulse wave detection apparatus 10 is implemented as
a tablet terminal or a slate terminal, the pulse wave detection apparatus 10 may further include a touchpanel. Furthermore,
when the pulse wave detection apparatus 10 is implemented as a mobile communication terminal, the pulse wave
detection apparatus 10 may further include function units such as an antenna, a wireless communication unit coupled
to a mobile communication network, and a global positioning system (GPS) receiver.
[0015] The camera 11 is an image capturing apparatus that has an image capturing element such as a charge coupled
device (CCD) and a complementary metal oxide semiconductor (CMOS). For example, the camera 11 may have three
or more types of light-receiving elements such as a red (R) light-receiving element, a green (G) light-receiving element,
and a blue (B) light-receiving element. For example, the camera 11 may be implemented by coupling a digital camera
or a Web camera to the pulse wave detection apparatus 10 through an external terminal. Alternatively, if a camera is
mounted on the pulse wave detection apparatus 10 at the time of shipment, the camera can be applied to the camera
11. The pulse wave detection apparatus 10 having the camera 11 is described here, however, the pulse wave detection
apparatus 10 does not always need to have the camera 11 when images can be obtained through a network or a storage
device.
[0016] When an application program that performs the above-described pulse wave detection processing is pre-
installed or installed in the pulse wave detection apparatus 10, capturing operations can be guided so that a user can
capture such images of a subject that help detection of pulse waves using the camera 11. Hereinafter, the above-
described application program may be referred to as an "application for pulse wave detection".
[0017] When the application for pulse wave detection is started up through a not-illustrated input device, the application
for pulse wave detection starts up the camera 11. As a result, the camera 11 starts capturing images of a subject
accommodated in a capture range of the camera 11. On this occasion, for capturing an image including the face of the
subject, in the application for pulse wave detection, the image captured by the camera 11 can be displayed on a not-
illustrated display device, with reference to the target position where the nose of the subject is captured. This enables
the camera 11 to capture images accommodating the nose out of the parts of the face such as the eyes, the nose, and
the mouth of the subject in the center of the capture range. In the application for pulse wave detection, the images in
which the face of the subject is captured by the camera 11 are stored in the acquiring unit 13. Hereinafter, the image in
which the face is captured may be referred to as a "face image".
[0018] The acquiring unit 13 is a processing unit that acquires images. As a mode of the embodiment, the acquiring
unit 13 acquires a face image captured by the camera 11. As another mode of the embodiment, the acquiring unit 13
can acquire images from an auxiliary storage device that stores therein the face images such as a hard disk and an
optical disk, or removal media such as a memory card and a universal serial bus (USB). As still another mode of the
embodiment, the acquiring unit 13 can acquire the face image by receiving the face image from an external device
through a network. In the description above, the acquiring unit 13 uses image data such as two-dimensional bitmap data
or vector data obtained from the output from the image capturing element such as a CCD and a CMOS, thereby performing
the processing. The acquiring unit 13 may, however, acquire a signal as it is output from a detector to perform the latter
processing.
[0019] The extraction unit 14 is a processing unit that extracts a living body field out of the image acquired by the
acquiring unit 13. As a mode of the embodiment, the extraction unit 14 extracts a living body field with reference to a
predetermined face part out of the face image. For example, the extraction unit 14 performs image processing such as
template matching on the face image, thereby detecting a specific face part, e.g., the nose out of the face parts such as
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the eyes, the ears, the nose, and the mouth of the subject. After that, the extraction unit 14 extracts the living body field
included in a predetermined range with the nose of the subject as the center of the field. This extracts the image of the
living body field including the nose of the subject and the center part of the face that is a part of the cheek surrounding
the nose, as an image used for detecting pulse waves. The extraction unit 14 then outputs the image of the living body
field extracted from the original image to the waveform detecting unit 15.
[0020] FIG. 2 is an exemplary diagram of a face image. FIG. 2 illustrates fields including a part or the whole of the
eyes, the nose, or the mouth of the subject in the image, divided into nine blocks. The upper left block and the upper
right block each include an eye of the subject out of the blocks illustrated in FIG. 2. When the images of the blocks are
used for detection, blinks of the eyes may cause noise and therefore the accuracy of detection of the number of heartbeats
may be reduced. The three blocks in the bottom line illustrated in FIG. 2 include the mouth of the subject. When the
images of the blocks are used for detection, the movement of the mouth may cause noise and therefore the accuracy
of detection of the number of heartbeats may be reduced. By contrast, the center block in the middle line illustrated in
FIG. 2, that is, the block represented with hatched lines is separated from the blocks including the eyes and mouth.
Therefore, the center block has less probability of including a component generating noise than other blocks, whereby
a good detection result can be expected. For that reason, the extraction unit 14 extracts the image of the center block
in the middle line illustrated in FIG. 2 as an image of the living body field from the original image.
[0021] After extracting the above-described image of the living body field, the extraction unit 14 performs a predeter-
mined statistical processing on pixel values of the pixels included in the living body field. For example, the extraction
unit 14 averages the pixel values of the pixels included in the living body field for each wavelength component. Alterna-
tively, the median or the mode can be calculated rather than the average. Furthermore, arbitrary average processing
such as weighted average processing and moving average processing can be performed, for example. As a result, the
average of the pixel values of the pixels included in the living body field is calculated for each wavelength component
as the representative value that represents the living body field.
[0022] The waveform detecting unit 15 is a processing unit that detects the waveform of the signal in which the
components in the specific frequency band other than the possible pulse wave frequency band where the pulse wave
may appear in each wavelength component are offset with each other, from the signals of the representative value for
each wavelength component of the pixels included in the targeted living body field for detection of pulse waves.
[0023] As a mode of the embodiment, the waveform detecting unit 15 detects waveforms using time-series data of
the representative values of two wavelength components, an R component and a G component, which have different
light absorption characteristics from each other out of the three wavelength components included in an image, that is,
a red (R) component, a green (G) component, and a blue (B) component.
[0024] This will be described in detail as follows. Capillaries flow on the surface of the human face. When the blood
flow flown through blood vessels changes due to heartbeats, the amount of light absorbed by the blood flow also changes
according to heartbeats, whereby the brightness obtained by the reflection from the face also changes in associated
with heartbeats. Although the amount of change of the brightness is small, when the average of the brightness in the
entire field of the face is calculated, a pulse wave component is included in the time-series data of the brightness.
However, the brightness also changes due to the body movement in addition to the pulse wave, which generates a noise
component of the pulse wave detection, that is, body movement artifacts. A pulse wave is detected using two or more
wavelengths having different light absorption characteristics of the blood, that is, a G component having a high light
absorption characteristic (approximately 525 nm) and an R component having a low light absorption characteristic
(approximately 700 nm). Heartbeats have a frequency of 0.5 to 4 Hz ranging from 30 to 240 beats per minute (bpm)
converted into the frequency per minute. The components outside of the range are considered to be noise components.
Assuming that noise has no or minimal wavelength characteristics, if any, the components outside of the range from 0.5
to 4 Hz are considered to be equal to each other between the G signal and the R signal. Actually, however, the components
outside of the range from 0.5 to 4 Hz are different from each other between the G signal and the R signal due to the
sensitivity difference of the camera. Correcting the sensitivity difference of the components outside of the range from
0.5 to 4 Hz and subtracting the R component from the G component, therefore, eliminates the noise components and
extracts only the pulse wave components.
[0025] For example, the G component and the R component are represented by the following Expression (1) and
Expression (2). "Gs" in the following Expression (1) means a pulse wave component of the G signal, "Gn" means a noise
component of the G signal. "Rs" in the following Expression (2) means a pulse wave component of the R signal, "Rn"
means a noise component of the R signal. The noise components have the sensitivity difference between the G component
and the R component, therefore, the correction coefficient k for the sensitivity difference is represented by the following
Expression (3). 
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[0026] By correcting the sensitivity difference and subtracting the R component from the G component, a pulse wave
component S is obtained as the following Expression (4). By changing Expression (4) into an expression represented
with Gs, Gn, Rs, and Rn using the above-described Expression (1) and Expression (2), the following Expression (5) is
obtained. By organizing the expression using the above-described Expression (3) to eliminate k, the following Expression
(6) is derived. 

[0027] The G signal and the R signal have different light absorption characteristics from each other, while Gs >
(Gn/Rn)Rs. Therefore, with the above-described Expression (6), the pulse wave component S in which the noise is
eliminated can be calculated.
[0028] FIG. 3 is an exemplary diagram of the spectra of the G signal and the R signal. The vertical axis of the graph
illustrated in FIG. 3 represents the signal intensity and the horizontal axis of the graph represents the frequency (bpm).
As illustrated in FIG. 3, the G component and the R component have different sensitivities of the image capturing elements
from each other, therefore, the signal intensities of the G component and the R component are different from each other.
In the R component and the G component, however, noise still appears outside of the range from 30 to 240 bpm,
especially in the specific frequency band ranging from not less than 3 to less than 20 bpm. Accordingly, as illustrated in
FIG. 3, the signal intensity corresponding to a specified frequency Fn included in the specific frequency band ranging
from not less than 3 to less than 20 bpm is extracted as Gn and Rn. The Gn and Rn derive the correction coefficient k
for the sensitivity difference.
[0029] FIG. 4 is an exemplary diagram of a spectrum of a signal including the G component and the R component
multiplied by the correction coefficient k. For convenience of description, the result of multiplying the R component by
the absolute value of the corrected coefficient is illustrated in the example in FIG. 4. Also in FIG. 4, the vertical axis of
the graph illustrated represents the signal intensity and the horizontal axis of the graph represents the frequency (bpm).
As illustrated in FIG. 4, in the spectrum of a signal including the G component and a signal including the R component,
when the R component is multiplied by the correction coefficient k, the sensitivities between the G component and the
R component are equivalent to each other. In particular, the signal intensities of the spectra seem to be almost the same
in the specific frequency band for the most part. By contrast, in a surrounding field 400 of the frequency actually including
pulse waves, the signal intensities of the spectra are not equivalent between the G component and the R component.
[0030] FIG. 5 is an exemplary diagram of a spectrum after computation. From the viewpoint of increasing the visibility
of the frequency band in which a pulse wave appears, the scale of the signal intensity serving as the vertical axis is
illustrated larger in the graph illustrated in FIG. 5 than other graphs illustrated in other diagrams. As illustrated in FIG.
5, when the spectrum of the R signal after being multiplied by the correction coefficient k is subtracted from the spectrum
of the G signal, the noise component is reduced while the intensity of the signal component at which a pulse wave
appears due to the difference of the light absorption characteristics between the G component and the R component is
maintained as long as possible. As described above, the pulse waveform from which only the noise component has
been eliminated can be detected.
[0031] The functional configuration of the waveform detecting unit 15 is described in more detail. FIG. 6 is a block
diagram illustrating the functional configuration of the waveform detecting unit 15. As illustrated in FIG. 6, the waveform
detecting unit 15 includes band-pass filters (BPF) 152R and 152G, extraction units 153R and 153G, low-pass filters
(LPF) 154R and 154G, a calculating unit 155, BPFs 156R and 156G, a multiplication unit 157, and a computing unit
158. Pulse waves are detected in the frequency space in the examples illustrated in FIGS. 3 to 5. By contrast, FIG. 6
illustrates the functional configuration when the noise component is cancelled in the time-series space for detecting the
pulse wave, from the viewpoint of reducing the time for converting into the frequency component.
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[0032] For example, from the extraction unit 14 to the waveform detecting unit 15, the time-series data of the R signal
is input in which the representative value of the pixel values of the pixels in the R component included in the living body
field is determined as a signal value. The time-series data of the G signal is also input in which the representative value
of the pixel values in the pixels of the G component included in the living body field is determined as a signal value.
Among them, the R signal in the living body field is input to the BPF 152R and the BPF 156R in the waveform detecting
unit 15, and the G signal of the living body field is input to the BPF 152G and the BPF 156G in the waveform detecting
unit 15.
[0033] The BPF 152R, the BPF 152G, the BPF 156R, and the BPF 156G are all band path filters that allow only the
signal components in a predetermined frequency band to pass through and eliminate the signal components in other
frequency bands. The BPF 152R, the BPF 152G, the BPF 156R, and the BPF 156G may be implemented by hardware
or software.
[0034] The following describes the difference of the frequency bands allowed to pass through by the BPFs. The BPF
152R and the BPF 152G allow the signal component in the specific frequency band in which the appearance of a noise
component is more obvious than in other frequency bands to pass through.
[0035] The specific frequency band can be determined by comparing a frequency band to possible frequency bands
in which a pulse wave may appear. Examples of the possible frequency band in which a pulse wave may appear include
the frequency band ranging from 0.5 to 4 Hz, that is, ranging from 30 to 240 beats per minute (bpm) when converted
into the frequency per minute. Accordingly, the frequency band less than 0.5 Hz and the frequency band more than 4
Hz, for example, can be adopted as the specific frequency band because they are not measured as pulse waves. The
specific frequency band may partly overlap with a frequency band in which a pulse wave may appear. For example, the
specific frequency band may overlap with a frequency band in which a pulse wave may appear in the section ranging
from 0.7 to 1 Hz where the frequency is seldom measured as a pulse wave and the frequency band less than 1 Hz and
the frequency band not less than 4 Hz may be adopted as the specific frequency band. The specific frequency band
may be determined so as to be limited to the frequency band having an outer edge of the frequency band less than 1
Hz and an outer edge of the frequency band not less than 4 Hz, in which the appearance of noise is more obvious. For
example, the appearance of noise is more obvious in a low frequency band lower than the frequency band in which a
pulse wave appears, than a high frequency band higher than the frequency band in which a pulse wave appears. For
this reason, the specific frequency band may be limited to the frequency band less than 1 Hz. Alternatively, the frequency
band may be limited to the specific frequency band ranging from not less than 3 to less than 60 bpm because large
differences in sensitivity of image capturing elements for each component are included in the vicinity of a direct current
component whose space frequency is zero. Furthermore, the specific frequency band can be limited to the frequency
band ranging from not less than 3 to less than 20 bpm where noise is likely to appear due to human body movements
such as blinks of the eyes or swings of the body, or blinks of environmental light.
[0036] For example, in the following description, it is assumed that the BPF 152R and the BPF 152G allow the signal
component in the frequency band ranging from 0.05 to 0.3 Hz to pass through as the specific frequency band. The band
path filter is used for extracting the signal component in the specific frequency band in this example. A low path filter
may be used, however, when extracting the signal component in the frequency band less than a certain frequency, for
example.
[0037] By contrast, the BPF 156R and the BPF 156G allow the signal component in the frequency band ranging from
1 to 4 Hz in which a pulse wave may appear, for example. Hereinafter, the frequency band in which a pulse wave may
appear may be referred to as a "pulse wave frequency band".
[0038] The extraction unit 153R extracts the absolute intensity value of the signal component in the specific frequency
band of the R signal. For example, the extraction unit 153R performs multiplication processing in which the signal
component in the specific frequency band of the R signal is raised, thereby extracting the absolute intensity value of the
signal component in the specific frequency band. The extraction unit 153G extracts the absolute intensity value of the
signal component in the specific frequency band of the G signal. For example, the extraction unit 153G performs mul-
tiplication processing in which the signal component in the specific frequency band of the G signal is raised, thereby
extracting the absolute intensity value of the signal component in the specific frequency band.
[0039] The LPF 154R and the LPF 154G are low path filters that perform smoothing processing for response to the
time change on the time-series data of the absolute intensity value in the specific frequency band. The only difference
between the LPF 154R and the LPF 154G is that the R signal is input to the LPF 154R and the G signal is input to the
LPF 154G. The smoothing processing calculates the absolute intensities in the specific frequency bands R’n and G’n.
[0040] The calculating unit 155 performs the division "G’n/R’n", that is, the absolute intensity G’n in the specific frequency
band of the G signal output by the LPF 154G is divided by the absolute intensity R’n in the specific frequency band of
the R signal output by the LPF 154R. As a result, the correction coefficient k for the sensitivity difference is calculated.
[0041] The multiplication unit 157 multiplies the signal component in the specific frequency band of the R signal output
by the BPF 156R by the correction coefficient k calculated by the calculating unit 155.
[0042] The computing unit 158 performs computation "k*Rs - Gs", that is, the signal component in the specific frequency
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band of the G signal output by the BPF 156G is subtracted from the signal component in the specific frequency band of
the R signal multiplied by the correction coefficient k by the multiplication unit 157. The time-series data of the signal
obtained from the computation corresponds to the waveform of a pulse wave.
[0043] As described above, the pulse waveform detected in the living body field of an image is output to the transition
determination unit 16a and the extreme value determination unit 16b. Hereinafter, the ith time in the pulse waveform
may be referred to as "t(i)", and the amplitude value in the pulse waveform may be referred to as "v(i)". In addition, the
latest index in the pulse waveform may be referred to as "I". The interval of the times t(i) when the amplitude value in
the pulse waveform is obtained, that is, a frame rate is constant and represented with "δ".
[0044] With referring to FIG. 1 again, the transition determination unit 16a is a processing unit that determines whether
the positive/negative of the amplitude value of the signal detected by the waveform detecting unit 15 transitions. As a
mode of the embodiment, the transition determination unit 16a determines whether the positive/negative of the amplitude
value of the pulse waveform transitions every time the waveform detecting unit 15 outputs the amplitude value of a pulse
waveform. If the following Expression (7) or Expression (8) is satisfied, the transition determination unit 16a determines
that the positive/negative of the amplitude value v(i) transitions. As described above, the transition determination unit
16a sequentially records the time T(j) = t(I) when the positive/negative of the amplitude value transitions in a not-illustrated
internal memory, for example. The above-described "j" means an ordinal number of the transition point. The index of
the latest transition point is represented with "J". 

[0045] The extreme value determination unit 16b is a processing unit that determines whether the amplitude value of
the signal detected by the waveform detecting unit 15 is an extreme value. As a mode of the embodiment, the extreme
value determination unit 16b determines whether the amplitude value of a pulse waveform including the index preceded
by one from the index at which the amplitude value of the pulse waveform is output is the maximum value every time
the waveform detecting unit 15 outputs the amplitude value of a pulse waveform. If the following Expression (9) is
satisfied, the extreme value determination unit 16b determines that the amplitude value v(i - 1) is the maximum value.
As described above, the extreme value determination unit 16b sequentially records the time M(k) = t(I - 1) that is a time
when the amplitude value is the maximum value in the internal memory. The above-described "k" means an ordinal of
a local maximum point. In addition, the index of the latest local maximum point may be referred to as "K". 

[0046] The window width setting unit 17a is a processing unit that sets the duration of a standard window. The standard
window means the window a waveform of which is determined whether to be used for detecting a pulse wave out of the
two windows. In the standard window, the section backward in time by a predetermined duration from the latest time t(I)
is set, for example. Hereinafter, the duration of the window may be referred to as a "width of window". The width of
window needs not to be set every time the amplitude value of a pulse waveform is obtained. The width of window may
be set only when a predetermined condition for setting the standard window is satisfied. For example, the condition for
setting the standard window is that setting of the width of window may be started triggered by elapsing of a given
parameter, elapsing of a second, for example, from the prior setting of the standard window. For another example, setting
of the width of window may be started when the latest index I is a transition point.
[0047] As a mode of the embodiment, the window width setting unit 17a may set a given parameter, e.g., three seconds
to a width of window U. The window width setting unit 17a may set an arbitrary parameter to the width of window U other
than the above-described three seconds, as long as it has the duration not less than 42 bpm, which is the minimum
human pulse rate.
[0048] As another mode of the embodiment, the window width setting unit 17a sets the length of the section backward
in time until the number of transition points at which the transition determination unit 16a determines that the positive/neg-
ative of the amplitude value transitions becomes equal to the number corresponding to the integral multiple of the period
of the pulse wave, as the duration of the standard window. For example, the window width setting unit 17a calculates
the difference between the time T(J) of the latest transition point and the time T(J - 2*n) preceded by two periods in the
pulse wave, for the number of the transition point corresponding to the period of the pulse wave "n", thereby determining
the width of window U. 
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[0049] In the setting of the width of window using the transition point, the periodicity in which the positive and negative
values are repeated around 0 in synchronization with the pulse wave is utilized, in the state in which the pulse waveform
has a pulse wave frequency band, that is, a signal component of 42 to 240 bpm, which is a stable measurement condition
of the pulse wave. Accordingly, under the condition in which the measurement condition of the pulse wave is stable, the
standard window may include the number of the transition points corresponding to the number of the integral multiple
of, in this example, twice the number "n" of the transition point corresponding to one period of the pulse wave.
[0050] FIG. 7 is an exemplary diagram of a method for setting the width of window. The vertical axis of the graph
illustrated in FIG. 7 represents the amplitude and the horizontal axis represents the time. As illustrated in FIG. 7, to trace
back the pulse wave by one period, two transition points are traced back except for the latest transition point. To trace
back the pulse wave by two periods, therefore, four ( = 2*n) transition points are traced back. As described above, when
setting the width of window U using Expression (10), the integral multiple of the period approximating the period of a
pulse wave actually measured may be set to the width of window. The width of window having a shorter time than the
minimum pulse rate, 42 bpm, for example, may be set, whereby the calculation amount in the correlation coefficient
calculating unit 18 described later can be reduced.
[0051] With referring to FIG. 1 again, the shift range setting unit 17b is a processing unit that sets the range for shifting
the comparison window. Hereinafter, the range for shifting the comparison window may be referred to as a "shift range".
The shift range setting unit 17b here does not always set the shift range after the window width setting unit 17a sets the
width of the standard window. Specifically, the shift range setting unit 17b performs setting of the shift range when the
number of the local maximum points included in the standard window the duration of which has been set by the window
width setting unit 17a, out of the local maximum points determined as the local maximum by the extreme value deter-
mination unit 16b is equal to the number corresponding to the period of the pulse wave.
[0052] The following describes this in detail. The shift range setting unit 17b firstly calculates the number of the local
maximum points included in the standard window. For example, the shift range setting unit 17b counts an integer k that
satisfies the condition of the following Expression (11). The shift range setting unit 17b then determines whether the
number of the local maximum points included in the standard window M(k) exceeds the number of the local maximum
points corresponding to one period of the pulse wave. On this occasion, if more local maximum points exist in the
standard window than the number "n" of the local maximum points corresponding to one period of the pulse wave,
measurement condition may be considered to be unstable. As a result, the shift range setting unit 17b does not set the
shift range. As described above, the number of the local maximum points is used for a starting condition of setting the
shift range because a higher number of local maximum points exceeding the ideal number of local maximum points is
considered to be a result of change in the measurement condition. The ideal number of local maximum points per period
in a pulse waveform is one. 

[0053] FIG. 8 is an exemplary diagram of local maximum points included in the pulse waveform. The vertical axis of
the graph illustrated in FIG. 8 represents the amplitude and the horizontal axis represents the time. As illustrated in FIG.
8, the standard window having the width of window of two periods of the pulse wave includes three local maximum
points. Under the measurement state in which noise can be ignored, only one local maximum point appears per one
period of the pulse wave. Accordingly, noise is considered to be superimposed in the signal in the standard window
illustrated in FIG. 8, to the extent that the noise interferes with peak detection. The computing after that may be cancelled.
By cancelling the setting of the shift range and the calculation of the correlation coefficient due to the pulse waveform
in which noise is superimposed, the calculation amount can be reduced.
[0054] As described above, the shift range setting unit 17b starts setting of the shift range when the number of the
local maximum points included in the standard window M(k) is less than the number "n" of the local maximum points
corresponding to one period of the pulse wave.
[0055] As a mode of the embodiment, the shift range setting unit 17b may set the shift range with reference to the
possible range of generally known number of the human pulse rate, e.g.,, 42 to 240 bpm. For example, the shift range
setting unit 17b may set the shift range w (sec.) from the range represented by the following Expression (12). Rmin and
Rmax in the following Expression (12) is represented by the following Expression (13) and Expression (14). The shift
range as described above is set because the shift range in which the correlation coefficient obtained in the correlation
coefficient calculating unit becomes the maximum corresponding to the time of a pulse if the pulse waveform originates
mainly from the pulse wave of the subject. 
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[0056] As another mode of the embodiment, the shift range setting unit 17b may estimate the period of the pulse based
on the interval of the transition points. The difference between the time of the latest transition point and the time of the
transition point proceeded by the number of m*2 for a given parameter m is about m times of the pulse wave. Therefore,
the time for one period in the present pulse wave of the subject is estimated to be "(T(J) - T(J - 2*m))/m(sec.)". The shift
range w (sec.) is therefore set to the range represented by the following Expressions (15) to (17) for a given parameter
γ larger than 0 and smaller than 1. 

[0057] As still another mode of the embodiment, the shift range setting unit 17b obtains the difference between the
time of the latest transition point and the time of the transition point preceded by the number of n*2 where n = m in the
window width setting unit 17a. When the obtained value is determined as the width of window U, the shift range w (sec.)
can be set to the range represented by the following Expressions (18) to (20). 

[0058] FIG. 9 is an exemplary diagram of setting of the shift range. The shift range when m = n = 2, γ = 0.8 is illustrated
in FIG. 9. The vertical axis of the graph illustrated in FIG. 9 represents the amplitude and the horizontal axis represents
the time. In FIG. 9, the pulse waveform is represented with a solid line, and the pulse waveform in the standard window
is represented with a dashed line superimposed in the comparison window. As illustrated in FIG. 9, the range that has
been set based on the interval of the transition points, that is, 0.8 U/2 to 1.25 U/2 is narrower than the range that has
been set so as to include the possible maximum and minimum numbers of the human pulse rate, that is, 60/150 to 60/42.
As described above, by estimating the period of the pulse based on the transition points, the shift range becomes small.
This prevents an erroneous detection of unstable pulse waves by removing a shift range significantly apart from the
number of pulse rates of the subject in advance and reduces the calculation amount in the correlation coefficient calculating
unit. The width of window U is used in the description above, however, the interval of the local maximum points can be used.
[0059] In all examples described above, when Rmax < Rmin, the shift range does not exist. On this occasion, the
later-described processing by the correlation coefficient calculating unit 18 is not performed.
[0060] With reference to FIG. 1 again, the correlation coefficient calculating unit 18 is a processing unit that calculates
the correlation coefficient between the pulse waveform in the standard window and the pulse waveform in the comparison
window.
[0061] The following describes this in detail. The correlation coefficient calculating unit 18 firstly obtains a candidate
of a shift index z, {z}. The {z} means all integers where zδ is included in [Rmin, Rmax] for the shift range [Rmin, Rmax]
calculated by the shift range setting unit 17b. The minimum value of {z} is referred to as Zmin, and the maximum value
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of {z} is referred to as Zmax. The number of indexes of the pulse waveform included in the standard window is determined
as X. As in the above-described example, when the standard window is set based on the transition point, the X becomes
"T(J) - T(J - 2*n)+1". The values of the pulse waveform included in the standard window are lined up in the order of time
as x (1), x (2), ..., x (X) and written as follows. 

[0062] In the same manner, the values of the pulse waveform included in the comparison window shifted by z from
the standard window are lined up in the order of time as y (1), y (2), ..., y (X) and written as follows. 

[0063] As described above, the correlation coefficient calculating unit 18 calculates the candidate of the shift index z,
{z}, and then calculates the correlation coefficient between the pulse waveform in the standard window and the pulse
waveform in the comparison window shifted by z from the standard window, for each of z in {z}.
[0064] As a mode of the embodiment, the correlation coefficient calculating unit 18 calculates the correlation coefficient
S(z) while incrementing the shift index z one by one from Zmin to Zmax. The correlation coefficient is an index indicating
that the larger the value, the more similar are the pulse waveform in the standard window and the pulse waveform in
the comparison window shifted by z from the standard window. For example, the correlation coefficient can be calculated
according to the following Expression (21). After the correlation coefficients are calculated for all of the candidates for
the shift index {z} as described above, the shift index where S(z) becomes the maximum is determined as Z. The average
of x(1), x(2), ..., x(X) and the average of y(z, 1), y(z, 2) ..., y(z, X) may be substituted with 0 because of the characteristic
of the pulse waveform in which the positive and negative values are repeated around 0. 

[0065] FIG. 10 is an exemplary diagram of waveforms in the standard window and the comparison window. The vertical
axis of the graph illustrated in FIG. 10 represents the amplitude and the horizontal axis represents the time. In FIG. 10,
the pulse waveform is represented with a solid line, and the pulse waveform in the standard window is represented with
a dashed line superimposed in the comparison window. As illustrated in FIG. 10, the pulse waveform in the standard
window has a quite similar shape to that of the pulse waveform in the comparison window shifted by z from the standard
window. As described above, when the standard window and the comparison window have waveforms in similar shape
to each other, the calculated correlation coefficient becomes higher.
[0066] Subsequently, the correlation coefficient calculating unit 18 compares S(Z) and a predetermined threshold β
If S(Z) is smaller than β, the correlation coefficient calculating unit 18 determines that no comparison window similar
enough to the standard window is found and thus does not allow the pulse wave detection unit 19 to detect the pulse
wave. Appropriate values can be specified for the threshold β. For example, the value of approximately 0.6 to 0.8 is
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specified for the threshold β because it is apparent that the maximum value is 1 for the correlation coefficient. This
improves the accuracy of determination on the periodicity of the waveform.
[0067] When calculating the correlation coefficient by dividing the covariance by the standard deviation as the above-
described Expression (21), and if the pulse waveform fluctuates larger in the standard window, then the calculated
correlation coefficient of waveforms has a similar shape, that is, homothetic waveforms becomes higher although the
respective amplitude values in the standard window and the comparison window significantly differs from each other.
[0068] FIG. 11 is an exemplary diagram of waveforms in the standard window and the comparison window. The vertical
axis of the graph illustrated in FIG. 11 represents the amplitude and the horizontal axis represents the time. As illustrated
in FIG. 11, the amplitude of the pulse waveform may become larger in the standard window because of change of the
measurement condition. As described above, if the amplitude of the pulse waveform may become larger in the latter
end of the standard window, the area where the amplitude of the pulse waveform is larger is excluded in the window
where the time is shifted by Z from the standard window. On this occasion, when the above-described Expression (21)
is used for the calculation of the correlation coefficient, the correlation coefficient tends to become quite large. This is
caused by the separate normalization for the respective windows in calculation of the correlation coefficient. The re-
spective areas where the amplitude of the pulse waveform is larger on the right side of the windows are considered to
almost match to each other after the normalization. On this occasion, other areas in the windows (on the left side of the
windows) are seldom influenced by the correlation coefficient value. For example, in the example illustrated in FIG. 11,
the correlation coefficient value becomes 0.896. When the above-described Expression (21) is used for the calculation
of the correlation coefficient, the correlation coefficient may become large even when the measurement condition is
unstable. This may cause use of unstable pulse waveforms for detection.
[0069] For that reason, as illustrated in the following Expression (22), the correlation coefficient calculating unit 18
calculates the corrected correlation coefficient by selecting the larger dispersion out of the dispersion in the standard
window and the dispersion in the comparison window and using the selected dispersion. The corrected correlation
coefficient value becomes equal to the correlation coefficient value only when the dispersion in the pulse waveforms in
both windows is equal to each other. The larger the difference of the dispersion in the pulse waveforms in both windows,
the smaller the value calculated relatively than the correlation coefficient (where the value is positive). As illustrated in
FIG. 11, therefore, when the dispersion in the pulse waveforms in both windows are different from each other, the
corrected correlation coefficient value becomes small and thus the pulse waveform can no longer be output. For example,
In the example illustrated in FIG. 11, the correlation coefficient value is 0.896 while the corrected correlation coefficient
value is 0.197, that is, a quarter of the correlation coefficient value, which is smaller than the threshold β. The calculation
of the corrected correlation coefficient as described above can suppress the issue that when the standard window and
the comparison window have waveforms in similar shape to each other, the calculated correlation coefficient becomes
higher regardless of the large difference between the amplitude values in both windows. Again, the value of approximately
0.6 to 0.8 may be usually specified for the threshold β because it is apparent that the maximum value is 1 for the corrected
correlation coefficient. 

[0070] With referring to FIG. 1 again, the pulse wave detection unit 19 is a processing unit that detects a pulse wave
from the waveform output by the correlation coefficient calculating unit 18. As a mode of the embodiment, the pulse
wave detection unit 19 detects stable pulse waves such as the pulse rate and the pulse waveform of a subject and
outputs them. That is, it is apparent that the pulse waveform from the time t(I) - (U + Zδ) to the time t(I) based on the
above-described processing by the correlation coefficient calculating unit 18 is stable. During the duration, pulse of the
number of n + 1 occurs. The pulse wave detection unit 19 can therefore calculate the pulse rate h using the following
Expression (23). If the pulse rate h is outside the possible range of the human pulse rate, e.g., 42 to 240 bpm, the pulse
rate and the pulse waveform need not to be output. As another mode of the embodiment, the pulse wave detection unit
19 may output, for example, the pulse waveform from the time t(I) - (U + Zδ) to the time t(I). 

[0071] The pulse rate and the pulse waveform obtained as described above may be output to a not-illustrated display
device included in the pulse wave detection apparatus 10 or any destination. For example, if a diagnostic computer
program is installed in the pulse wave detection apparatus 10, the pulse rate and the pulse waveform may be output to
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the diagnostic computer program. The diagnostic computer program is used for diagnosing functions of the internal
nerves based on the pulse rate and the fluctuation of the pulse period, or diagnosing cardiac diseases from the pulse
waveforms. Alternatively, the pulse rate and the pulse waveform may be output to a server device, for example, that
provides the diagnostic computer program as a Web service. Furthermore, the pulse rate and the pulse waveform may
be output to a terminal device used by a person involved with a user of the pulse wave detection apparatus 10 such as
a care worker and a doctor. This achieves a monitoring service that can be used outside the hospital, e.g., at home, or
while sitting. It is needless to say that the measurement result or the diagnostics result of the diagnostic computer
program is also displayed on the pulse wave detection apparatus 10 or other terminal device of the person involved.
[0072] The above-described units, i.e., the acquiring unit 13, the extraction unit 14, the waveform detecting unit 15,
the transition determination unit 16a, the extreme value determination unit 16b, the window width setting unit 17a, the
shift range setting unit 17b, the correlation coefficient calculating unit 18, and the pulse wave detection unit 19 can be
implemented by a central processing unit (CPU) or a micro processing unit (MPU) performing a pulse wave detection
computer program or a signal processing program. The above-described functions can also be implemented with a
hardwired logic such as an application specific integrated circuit (ASIC) and a field programmable gate array (FPGA).
[0073] Semiconductor memory devices or storage devices may be adopted for the above-described internal memory.
Examples of semiconductor memory devices include a video random access memory (VRAM), a random access memory
(RAM), a read only memory (ROM), and a flash memory. Alternatively, storage devices such as a hard disk and an
optical disk may be used rather than such memory devices.

Procedure of Processing

[0074] The following describes the procedure of the processing performed by the pulse wave detection apparatus
according to the present embodiment. The waveform detection processing performed by the pulse wave detection
apparatus 10 is firstly described (1), and then the waveform detection processing is described (2).

(1) Waveform Detection Processing

[0075] FIG. 12 is an exemplary diagram of a flowchart illustrating procedures of the waveform detection processing
according to the first embodiment. The waveform detection processing is started every time the camera 11 captures an
image and repeated until no image is captured. If a stop operation is received through a not-illustrated input device, the
waveform detection processing can be stopped.
[0076] As illustrated in FIG. 12, when an image including a subject is obtained (Step S101), the extraction unit 14
extracts an image of a living body field of the subject out of the images acquired at Step S101, for example, an image
including a predetermined face part such as the nose of the subject (Step S102).
[0077] After that, the extraction unit 14 outputs the time-series data of the R signal to the BPF 152R and the BPF 156R
and the time-series data of the G signal to the BPF 152G and the BPF 156G (Step S103).
[0078] Subsequently, the BPF 152R extracts a specific frequency band of the R signal, e.g., the signal component in
the frequency band ranging from not less than 3 to less than 20 bpm. The BPF 152G extracts a signal component in a
specific frequency band of the G signal (Step S104A).
[0079] The extraction unit 153R then extracts the absolute intensity value of the signal component in the specific
frequency band of the R signal and the extraction unit 153G extracts the absolute intensity value of the signal component
in the specific frequency band of the G signal (Step S105).
[0080] After that, the LPF 154R performs smoothing processing for response to the time change on the absolute
intensity value of the time-series data of the specific frequency band of the R signal and the LPF 154G performs smoothing
processing for response to the time change on the absolute intensity value of the time-series data of the specific frequency
band of the G signal (Step S106).
[0081] Subsequently, the calculating unit 155 performs the division "G’noise/R’noise", that is, the absolute intensity G’noise
in the specific frequency band of the G signal output by the LPF 154G is divided by the absolute intensity R’noise in the
specific frequency band of the R signal output by the LPF 154R. As a result, the corrected coefficient a of the sensitivity
difference is calculated (Step S107).
[0082] In parallel with the above-described processing at Step S104A, the BPF 156R extracts a signal component in
the pulse wave frequency band of the R signal, for example, in the frequency band ranging from not less than 42 to less
than 240 bpm and the BPF 156G extracts a signal component in the specific frequency band of the G signal (Step S104B).
[0083] After that, the multiplication unit 157 multiplies the signal component in the specific frequency band of the R
signal extracted at Step S104B by the corrected coefficient a calculated at Step S107 (Step S108). The computing unit
158 then performs the subtraction "a*Rsignal - Gsignal" that is, the signal component in the specific frequency band of the
G signal extracted at Step S104B is subtracted from the signal component in the specific frequency band of the R signal
multiplied by the corrected coefficient a at Step S108 (Step S109).
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[0084] The waveform detecting unit 15 outputs the time-series data of the computed signal as a pulse waveform to
the transition determination unit 16a and the extreme value determination unit 16b (Step S110), and ends the processing.

(2) Correlation Coefficient Calculation Processing

[0085] FIG. 13 is an exemplary diagram of a flowchart illustrating procedures of correlation coefficient calculation
processing according to the first embodiment. The correlation coefficient calculation processing is repeated as long as
the waveform detecting unit 15 inputs any pulse waveform.
[0086] As illustrated in FIG. 13, initial values for a the number of period of window n, the correlation coefficient threshold
P, the coefficient of the shift range γ, for example, are obtained by respective functions from a not-illustrated internal
memory (Step S301). After that, the transition determination unit 16a and the extreme value determination unit 16b
obtain the time and the amplitude value of the pulse waveform from the waveform detecting unit 15 (Step S302).
[0087] The transition determination unit 16a determines whether the positive/negative of the amplitude value of the
signal detected by the waveform detecting unit 15 transitions (Step S303). In addition, the extreme value determination
unit 16b determines whether the amplitude value of a pulse waveform including the index preceded by one from the
index at which the amplitude value of the pulse waveform is output is the maximum value (Step S304).
[0088] If the positive/negative of the amplitude value obtained at Step S302 transitions (Yes at Step S305), the window
width setting unit 17a sets the length of the section backward in time from the transition point at which the positive/negative
of the amplitude value is determined to transition until the number of transition points becomes equal to the number
corresponding to the integral multiple of the period of the pulse wave, as the duration of the standard window (Step S306).
[0089] Subsequently, the shift range setting unit 17b determines whether the number of the local maximum points
included in the standard window exceeds the number of the local maximum points corresponding to one period of the
pulse wave (Step S307). On this occasion, if more local maximum points exist in the standard window than the number
of the local maximum point corresponding to one period of the pulse wave (Yes at Step S307), measurement condition
may be considered to be unstable. As a result, the shift range setting unit 17b does not perform the processing after
this and the processing is proceeded to Step S302.
[0090] If the number of the local maximum points included in the standard window is equal to or less than the number
of the local maximum points corresponding to one period of the pulse wave (No at Step S307), the shift range setting
unit 17b multiplies the width of window U and the number of the period of window n in the standard window set at Step
S306 by the coefficient of the shift range γ and concurrently multiplies the width of window U and the number of the
period of window n by the reciprocal of the coefficient of the shift range γ, thereby setting the shift range w to the
comparison window (Step S308).
[0091] If the shift range exists (Yes at Step S309), until the correlation coefficient calculating unit 18 calculates the
corrected correlation coefficient for all of the shift indexes (No at Step S311) while incrementing the shift index z one by
one from Zmin to Zmax, the correlation coefficient calculating unit 18 uses the above-described Expression (22) to select
the larger dispersion out of the dispersions in the windows and uses it for division, thereby calculating the corrected
correlation coefficient S(z) (Step S310).
[0092] After the corrected correlation coefficient S(z) is calculated for all of the shift indexes (Yes at Step S311), the
correlation coefficient calculating unit 18 determines whether the corrected correlation coefficient S(z) is equal to or
larger than the threshold β (Step S312). If the corrected correlation coefficient S(z) is smaller than the threshold β (No
at Step S312), the correlation coefficient calculating unit 18 determines that a comparison window similar enough to the
standard window has not been found. The correlation coefficient calculating unit 18 thus does not allow the pulse wave
detection unit 19 to detect the pulse wave and the processing is returned to Step S302.
[0093] If the maximum value out of the corrected correlation coefficient S(Z) calculated at Step S310 is equal to or
larger than the threshold β (Yes at Step S312), the pulse wave detection unit 19 calculates the pulse rate h using the
above-described Expression (23) (Step S313). If the pulse rate h is outside the possible range of the human pulse rate,
e.g., 42 to 240 bpm, (No at Step S314), the pulse wave detection unit 19 does not output the pulse rate and the pulse
waveform and the processing is returned to Step S302.
[0094] If the pulse rate h is included in the possible range of the human pulse rate (Yes at Step S314), the pulse wave
detection unit 19 outputs the pulse rate and the pulse waveform to a predetermined output destination (Step S315) and
the pulse waveform and the processing is returned to Step S302.

Effects of First Embodiment

[0095] As described above, the pulse wave detection apparatus 10 according to the present embodiment performs
signal processing of calculating the correlation coefficient, when determining the similarity of the waveforms using such
a correlation coefficient value, in which the larger the difference between the dispersion of the amplitude value in the
standard window and the dispersion of the amplitude value in the comparison window, the smaller the value of the
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correlation coefficient becomes. In the pulse wave detection apparatus 10 according to the present embodiment, there-
fore, the value of the correlation coefficient value is calculated to be low when the waveforms in the windows have a
similarity relation to each other. With the pulse wave detection apparatus 10 according to the present embodiment,
therefore, the accuracy of determination on the similarity of the waveforms can be improved.

[b] Second Embodiment

[0096] An embodiment of the disclosed signal processor has been described above, however, the present invention
may be embodied in a variety of forms other than above-described embodiment. Therefore, another embodiment of the
present invention will be described, hereinafter.

Application Example of Determination on Similarity

[0097] In the first embodiment, the correlation coefficient is used for determining the similarity of the waveforms, that
is, the periodicity of the pulse wave. However, the index for determining the similarity of the waveforms is not limited to
this example. For another example, the pulse wave detection apparatus 10 can use the following Expression (24) to
calculate the Euclidean distance or use the following Expression (25) to calculate the normalized Euclidean distance.
The shift range having the shortest distance out of all of the shift ranges is determined as the shift range Z having the
highest periodicity. As described above, when the Euclidean distance or the normalized Euclidean distance is used, if
the shortest distance thereof is larger than a predetermined threshold TH, the waveform in the standard window is not
used for detecting pulse waves because the measurement condition is determined to be unstable. 

Input Signal

[0098] In the above-described first embodiment and the second embodiment, two types of signals, i.e., the R signal
and the G signal are used as input signals, however, the embodiments are not limited to this example. Any type of signal
and any number of signal can be used as input signals as long as the signal has a plurality of different light wavelength
components. For example, any combination of two signals having different light wavelength components out of R, G, B,
IR, and NIR signals can be used. In addition, any combination of three or more of such signals can also be used.

Another Implementation

[0099] In the above-described first embodiment, the pulse wave detection apparatus 10 performs the above-described
correlation coefficient calculation processing in a stand-alone configuration. However, the pulse wave detection apparatus
10 can also be implemented as a client server system. For example, the pulse wave detection apparatus 10 may be
implemented as a Web server that performs the correlation coefficient calculation processing or as a cloud-based system
that provide services such as a correlation coefficient calculation service through outsourcing. When the pulse wave
detection apparatus 10 operates as a server device as described above, portable terminal devices such as a smart
phone and a mobile phone or information processing device such as personal computer can be used as a client terminal.
When an image including the face of a subject is obtained from such a client terminal through a network, the pulse wave
detection apparatus 10 operating as a server device performs the waveform detection processing and uses the pulse
waveform for performing the correlation coefficient calculation processing. The server device returns the detection result
or a diagnostic result based on the detection result to the client terminal, whereby a pulse wave detection service and
a diagnostic service can be provided.

Distribution and Integration

[0100] Furthermore, each of the elements of the devices illustrated in the drawings is merely a depiction of concepts
or functionality, and does not always need to be configured physically in the manner illustrated in the drawings. In other
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words, specific configurations in which each of the devices is distributed or integrated are not limited to those illustrated
in the drawings. More specifically, the whole or a part of the devices may be distributed or integrated functionally or
physically in any unit depending on various loads or utilization. For example, the transition determination unit 16a, the
extreme value determination unit 16b, the window width setting unit 17a, the shift range setting unit 17b, or the correlation
coefficient calculating unit 18 may be coupled to the pulse wave detection apparatus 10 as an external device through
a network. Alternatively, the transition determination unit 16a, the extreme value determination unit 16b, the window
width setting unit 17a, the shift range setting unit 17b, or the correlation coefficient calculating unit 18 may be included
in a separate device. More than one of them are coupled to each other through a network and cooperate with each
other, thereby implementing the above-described functions of the pulse wave detection apparatus 10.

Signal Processing Program

[0101] The various types of processing described in the above-described embodiments may be achieved with com-
puters such as a computer and a work station executing preliminary provided computer programs. The following describes
an exemplary computer that performs a signal processing program having the same function as the above-described
embodiment with reference to FIG. 14.
[0102] FIG. 14 is an explanatory diagram of an exemplary computer executing signal processing according to the first
embodiment and the second embodiment. As illustrated in FIG. 14, a computer 100 includes an operation unit 110a, a
speaker 110b, a camera 110c, a display 120, and a communication unit 130. The computer 100 includes a CPU 150,
a ROM 160, an HDD 170, and a RAM 180. These units and components with numerals from 110 to 180 are coupled to
each other through a bus 140.
[0103] In the HDD 170, as illustrated in FIG. 14, a signal processing program 170a is stored in advance that functions
in the same manner as the transition determination unit 16a, the extreme value determination unit 16b, the window width
setting unit 17a, the shift range setting unit 17b, and the correlation coefficient calculating unit 18 described in the first
embodiment. The signal processing program 170a may also be distributed or integrated as appropriate in the same
manner as the components illustrated in FIG. 1, such as the transition determination unit 16a, the extreme value deter-
mination unit 16b, the window width setting unit 17a, the shift range setting unit 17b, and the correlation coefficient
calculating unit 18. In other words, not all pieces of data are stored in the HDD 170. Only the pieces of data used for the
processing may be stored in the HDD 170.
[0104] The CPU 150 reads the signal processing program 170a from the HDD 170 and loads the program to the RAM
180. This enables the signal processing program 170a to function as a signal processing process 180a as illustrated in
FIG. 14. The signal processing process 180a then loads the pieces of data read by the HDD 170 to the corresponding
fields allocated on the RAM 180 as appropriate and performs the various types of processing based on the loaded pieces
of data. The signal processing process 180a includes the various types of processing performed in the transition deter-
mination unit 16a, the extreme value determination unit 16b, the window width setting unit 17a, the shift range setting
unit 17b, and the correlation coefficient calculating unit 18 illustrated in FIG. 1, such as the processing illustrated in FIGS.
12 and 13. In addition, not all processing units implemented virtually on the CPU 150 are operated on the CPU 150, and
only the pieces of processing units used for the processing may be implemented.
[0105] Incidentally, the image processing programs described above need not to be stored in the HDD 170 and the
ROM 160 from the beginning. For example, the image processing programs are stored in "portable physical media"
inserted in the computer 100 such as a flexible disk (FD), a compact disk read-only memory (CD-ROM), a digital versatile
disk (DVD), a magneto-optical disk, and an IC card. The computer 100 may retrieve the programs from the portable
physical media and execute them. Additionally, a server device or any other computer coupled to the computer 100
through a public line, the Internet, LAN, and WAN, may store therein the computer programs. In this case, the computer
100 may retrieve the programs from the server device or any other computer and execute them.

Claims

1. A signal processor (10) comprising:

a signal detection unit (15) configured to detect a signal in a frequency band corresponding to a pulse wave
from an image in which a living body has been captured;
a corrected correlation coefficient calculating unit (18) configured to calculate a corrected correlation coefficient
between waveforms of the signal included in a first window and a second window having a predetermined
duration using the signal detected by the signal detection unit; and
a pulse wave detection unit (19) configured to detect a pulse wave from the signal, and characterised in that
the corrected correlation coefficient calculating unit (18) is configured to calculate the corrected correlation
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coefficient using the following equation: 

where x is an amplitude value of the waveform in the first window, x is the average of x(1),...,x(x), y is an
amplitude value of the waveform in the second window, z is a shift index of the second window, y(z) is the

average of y(z,1),...,y(z,X),  is the covariance of the amplitude value in the

first window and the amplitude value in the second window, and

 is the larger dispersion out of the dispersion of the first win-

dow and the dispersion of the second window; and
the pulse wave detection unit (19) is configured to detect the pulse wave when the corrected correlation coefficient
is equal to or larger than a predetermined threshold.

2. The signal processor according to claim 1, further comprising:

a window width setting unit (17a) configured to set the duration of the first window; and
a shift range setting unit (17b) configured to set a range used for shifting the second window from the first
window, wherein
the corrected correlation coefficient calculating unit (18) is configured to calculate the corrected correlation
coefficient between a waveform in the first window of which duration is set by the window width setting unit and
a waveform in the second window shifted from the first window twice or more times within the range set by the
shift range setting unit.

3. The signal processor according to claim 2, further comprising:

a transition point determination unit (16a) configured to determine a transition point at which the positive and
negative of the amplitude value transitions, wherein
the window width setting unit (17a) is configured to set the duration of the first window to a duration containing
transition points the number of which corresponds to the integral multiple of a cycle of the pulse wave.

4. The signal processor according to claim 2 or 3, further comprising:

an extreme value determination unit (16b) configured to determine whether the amplitude value of the signal is
an extreme value, wherein
the shift range setting unit (17b) is configured to set the range when the number of the local maximum points
included in the first window out of the local maximum points determined as the local maximum by the extreme
value determination unit is equal to the number corresponding to the cycle of the pulse wave.

5. The signal processor according to any one of claims 2 to 4, wherein the shift range setting unit (17b) is configured
to set the range using the duration set to the first window by the window width setting unit.

6. A signal processing method comprising:

detecting a signal, using a signal detection unit (15), in a frequency band corresponding to a pulse wave from
an image in which a living body has been captured;
calculating, using a corrected correlation coefficient calculating unit (18), a corrected correlation coefficient
between waveforms of the signal included in a first window and a second window having a predetermined
duration using the detected signal; and
detecting, using a pulse wave detection unit (19), a pulse wave from the signal, and characterised in that
the calculating includes calculating the corrected correlation coefficient using the following equation: 
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where x is an amplitude value of the waveform in the first window, x is the average of x(1),...,x(X), y is an
amplitude value of the waveform in the second window, z is a shift index of the second window, y(z) is the

average of y(z,1),...,y(z,X),  is the covariance of the amplitude value in the

first window and the amplitude value in the second window, and

 is the larger dispersion out of the dispersion of the first win-

dow and the dispersion of the second window; and
the pulse wave is detected when the corrected correlation coefficient is equal to or larger than a predetermined
threshold.

7. A signal processing program that causes a signal processor according to claim 1 to execute:

detecting, using a signal detection unit (15), a signal in a frequency band corresponding to a pulse wave from
an image in which a living body has been captured;
calculating, using a corrected correlation coefficient calculating unit (18), a corrected correlation coefficient
between waveforms of the signal included in a first window and a second window having a predetermined
duration using the detected signal; and
detecting, using a pulse wave detection unit (19), a pulse wave from the signal, and characterised in that
the calculating includes calculating the corrected correlation coefficient using the following equation: 

where x is an amplitude value of the waveform in the first window, x is the average of x(1),...,x(X), y is an
amplitude value of the waveform in the second window, z is a shift index of the second window, y(z) is the

average of y(z,1),...,y(z,X),  is the covariance of the amplitude value in the

first window and the amplitude value in the second window, and

 is the larger dispersion out of the dispersion of the first win-

dow and the dispersion of the second window; and
the pulse wave is detected when the corrected correlation coefficient is equal to or larger than a predetermined
threshold.

Patentansprüche

1. Signalprozessor (10) umfassend:

eine Signaldetektionseinheit (15), die konfiguriert ist, um ein Signal in einem Frequenzband entsprechend einer
Impulswelle anhand eines Bilds, in welchem ein lebender Körper erfasst worden ist, zu detektieren;
eine Einheit zum Berechnen eines korrigierten Korrelationskoeffizienten (18), die konfiguriert ist, um einen
korrigierten Korrelationskoeffizienten zwischen Wellenformen des Signals zu berechnen, die in einem ersten
Fenster und einem zweiten Fenster enthalten sind, die eine vorbestimmte Dauer aufweisen, unter Verwendung
des Signals, das von der Signaldetektionseinheit detektiert wird; und
eine Impulswellendetektionseinheit (19), die konfiguriert ist, um eine Impulswelle anhand des Signals zu de-
tektieren, und dadurch gekennzeichnet, dass die Einheit zum Berechnen eines korrigierten Korrelationsko-
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effizienten (18) konfiguriert ist, um den korrigierten Korrelationskoeffizienten unter Verwendung folgender Glei-
chung zu berechnen: 

wobei x ein Amplitudenwert der Wellenform in dem ersten Fenster ist, x der Durchschnitt von x(1),...,x(X) ist, y
ein Amplitudenwert der Wellenform in dem zweiten Fenster ist, z ein Verschiebungsindex des zweiten Fensters

ist, y(z) der Durchschnitt von y(z,1),...y(z,X) ist,  die Kovarianz des Ampli-

tudenwerts in dem ersten Fenster ist und  größere Dis-

persion aus der Dispersion des ersten Fensters und der Dispersion des zweiten Fensters ist; und

die Impulswellendetektionseinheit (19) konfiguriert ist, um die Impulswelle zu detektieren, wenn der korrigierte Kor-
relationskoeffizient gleich groß oder größer als ein vorbestimmter Schwellenwert ist.

2. Signalprozessor nach Anspruch 1, ferner umfassend:

eine Fensterbreiteneinstelleinheit (17a), die konfiguriert ist, um die Dauer des ersten Fensters einzustellen; und
eine Verschiebungsbereichseinstelleinheit (17b), die konfiguriert ist, um einen Bereich einzustellen, der zum
Verschieben des zweiten Fensters von dem ersten Fenster verwendet wird, wobei
die Einheit zum Berechnen eines korrigierten Korrelationskoeffizienten (18) konfiguriert ist, um den korrigierten
Korrelationskoeffizienten zwischen einer Wellenform in dem ersten Fenster, dessen Dauer durch die Fenster-
breiteneinstelleinheit eingestellt wird, und einer Wellenform in dem zweiten Fenster, das von dem ersten Fenster
verschoben ist, zweimal oder öfter innerhalb des Bereichs zu berechnen, der von der Verschiebebereichein-
stelleinheit eingestellt wird.

3. Signalprozessor nach Anspruch 2, ferner umfassend:

eine Übergangsstellenbestimmungseinheit (16a), die konfiguriert ist, um eine Übergangsstelle zu bestimmen,
an welcher der positive und negative Amplitudenwert übergeht, wobei
die Fensterbreiteneinstelleinheit (17a) konfiguriert ist, um die Dauer des ersten Fensters auf eine Dauer einzu-
stellen, die Übergangsstellen enthält, deren Anzahl dem ganzzahligen Vielfachen eines Zyklus der Impulswelle
entspricht.

4. Signalprozessor nach Anspruch 2 oder 3, ferner umfassend:

eine Extremwertbestimmungseinheit (16b), die konfiguriert ist, um zu bestimmen, ob der Amplitudenwert des
Signals ein Extremwert ist; wobei
die Verschiebungsbereichseinstelleinheit (17b) konfiguriert ist, um den Bereich einzustellen, wenn die Anzahl
der lokalen maximalen Stellen, die in dem ersten Fenster enthalten sind, aus den lokalen maximalen Stellen,
die als lokales Maximum von der Extremwertbestimmungseinheit bestimmt werden, gleich der Anzahl ist, die
dem Zyklus der Impulswelle entspricht.

5. Signalprozessor nach einem der Ansprüche 2 bis 4, wobei
die Verschiebungsbereichseinstelleinheit (17b) konfiguriert ist, um den Bereich unter Verwendung der durch die
Fensterbreiteneinstelleinheit auf das erste Fenster eingestellten Dauer einzustellen.

6. Signalverarbeitungsverfahren umfassend:

Detektieren eines Signals unter Verwendung einer Signaldetektionseinheit (15) in einem Frequenzband ent-
sprechend einer Impulswelle anhand eines Bilds, in welchem ein lebender Körper erfasst worden ist;
Berechnen unter Verwendung einer Einheit zum Berechnen eines korrigierten Korrelationskoeffizienten (18)
eines korrigierten Korrelationskoeffizienten zwischen Wellenformen des Signals, die in einem ersten Fenster
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und einem zweiten Fenster enthalten sind, die eine vorbestimmte Dauer aufweisen, unter Verwendung des
detektierten Signals; und
Detektieren unter Verwendung einer Impulswellendetektionseinheit (19) einer Impulswelle anhand des Signals,
und dadurch gekennzeichnet, dass das Berechnen das Berechnen des korrigierten Korrelationskoeffizienten
unter Verwendung folgender Gleichung umfasst: 

wobei x ein Amplitudenwert der Wellenform in dem ersten Fenster ist, x der Durchschnitt von x(1),...x(X) ist, y
ein Amplitudenwert der Wellenform in dem zweiten Fenster ist, z ein Verschiebungsindex des zweiten Fensters

ist, y(z) der Durchschnitt von y(z,1),...y(z,X) ist,  die Kovarianz des Amp-

litudenwerts in dem ersten Fenster und des Amplitudenwerts in dem zweiten Fenster ist, und

 die größere Dispersion aus der Dispersion des ersten

Fensters und der Dispersion des zweiten Fensters ist; und
die Impulswelle detektiert wird, wenn der korrigierte Korrelationskoeffizient gleich groß wie oder größer als ein
vorbestimmter Schwellenwert ist.

7. Signalverarbeitungsprogramm, das bewirkt, dass ein Signalprozessor nach Anspruch 1 Folgendes ausführt:

Detektieren unter Verwendung einer Signaldetektionseinheit (15) eines Signals in einem Frequenzband ent-
sprechend einer Impulswelle anhand eines Bilds, in welchem ein lebender Körper erfasst worden ist;
Berechnen unter Verwendung einer Einheit zum Berechnen eines korrigierten Korrelationskoeffizienten (18)
eines korrigierten Korrelationskoeffizienten zwischen Wellenformen des Signals, die in einem ersten Fenster
und einem zweiten Fenster enthalten sind, die eine vorbestimmte Dauer aufweisen, unter Verwendung des
detektierten Signals; und
Detektieren unter Verwendung einer Impulswellendetektionseinheit (19) einer Impulswelle anhand des Signals,
und dadurch gekennzeichnet, dass
das Berechnen das Berechnen des korrigierten Korrelationskoeffizienten unter Verwendung folgender Glei-
chung umfasst: 

wobei x ein Amplitudenwert der Wellenform in dem ersten Fenster ist, x der Durchschnitt von x(1),...x(X) ist, y
ein Amplitudenwert der Wellenform in dem zweiten Fenster ist, z ein Verschiebungsindex des zweiten Fensters

ist, y(z) der Durchschnitt von y(z,1),... y(z,X) ist,  die Kovarianz des Amp-

litudenwerts in dem ersten Fenster und des Amplitudenwerts in dem zweiten Fenster ist, und

 die größere Dispersion aus der Dispersion des ersten

Fensters und der Dispersion des zweiten Fensters ist; und
die Impulswelle detektiert wird, wenn der korrigierte Korrelationskoeffizient gleich groß wie oder größer als ein
vorbestimmter Schwellenwert ist.

Revendications

1. Processeur de signal (10) comprenant :

une unité de détection de signal (15) configurée pour détecter un signal dans une bande de fréquence corres-
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pondant à une onde pulsée à partir d’une image dans laquelle un corps vivant a été capturé ;
une unité de calcul de coefficient de corrélation corrigé (18) configurée pour calculer un coefficient de corrélation
corrigé entre les formes d’onde du signal incluses dans une première fenêtre et une deuxième fenêtre ayant
une durée prédéterminée en utilisant le signal détecté par l’unité de détection de signal ; et
une unité de détection d’onde pulsée (19) configurée pour détecter une onde pulsée à partir du signal, et
caractérisé en ce que
l’unité de calcul de coefficient de corrélation corrigé (18) est configurée pour calculer le coefficient de corrélation
corrigé en utilisant l’équation suivante : 

où x est une valeur d’amplitude de la forme d’onde dans la première fenêtre, x est la moyenne de x(1), ..., x(X),
y est une valeur d’amplitude de la forme d’onde dans la deuxième fenêtre, z est un index de décalage de la

deuxième fenêtre, y(z) est la moyenne de y(z,1),...,y(z,X),  est la covariance

de la valeur d’amplitude dans la première fenêtre et de la valeur d’amplitude dans la deuxième fenêtre, et

 est la plus grande dispersion parmi la dispersion de la

première fenêtre et la dispersion de la deuxième fenêtre ; et
l’unité de détection d’onde pulsée (19) est configurée pour détecter l’onde pulsée lorsque le coefficient de
corrélation corrigé est supérieur ou égal à un seuil prédéterminé.

2. Processeur de signal selon la revendication 1, comprenant en outre :

une unité d’établissement de largeur de fenêtre (17a) configurée pour établir la durée de la première fenêtre ; et
une unité d’établissement de plage de décalage (17b) configurée pour établir une plage utilisée pour décaler
la deuxième fenêtre par rapport à la première fenêtre, dans lequel
l’unité de calcul de coefficient de corrélation corrigé (18) est configurée pour calculer le coefficient de corrélation
corrigé entre une forme d’onde dans la première fenêtre dont la durée est établie par l’unité d’établissement
de largeur de fenêtre et une forme d’onde dans la deuxième fenêtre décalée par rapport à la première fenêtre
deux fois ou plus dans la plage établie par l’unité d’établissement de plage de décalage.

3. Processeur de signal selon la revendication 2, comprenant en outre :

une unité de détermination de point de transition (16a) configurée pour déterminer un point de transition entre
le positif et le négatif de la valeur d’amplitude, dans lequel
l’unité d’établissement de largeur de fenêtre (17a) est configurée pour établir la durée de la première fenêtre à
une durée contenant des points de transition dont le nombre correspond au multiple entier d’un cycle de l’onde
pulsée.

4. Processeur de signal selon la revendication 2 ou 3, comprenant en outre :

une unité de détermination de valeur extrême (16b) configurée pour déterminer si la valeur d’amplitude du
signal est une valeur extrême, dans lequel
l’unité d’établissement de plage de décalage (17b) est configurée pour établir la plage lorsque le nombre des
points de maximum local inclus dans la première fenêtre parmi les points de maximum local déterminés en tant
que maximum local par l’unité de détermination de valeur extrême est égal au nombre correspondant au cycle
de l’onde pulsée.

5. Processeur de signal selon l’une quelconque des revendications 2 à 4, dans lequel
l’unité d’établissement de plage de décalage (17b) est configurée pour établir la plage en utilisant la durée établie
pour la première fenêtre par l’unité d’établissement de largeur de fenêtre.
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6. Procédé de traitement de signal comprenant :

la détection d’un signal, en utilisant une unité de détection de signal (15), dans une bande de fréquence cor-
respondant à une onde pulsée à partir d’une image dans laquelle un corps vivant a été capturé ;
le calcul, en utilisant une unité de calcul de coefficient de corrélation corrigé (18), d’un coefficient de corrélation
corrigé entre les formes d’onde du signal incluses dans une première fenêtre et une deuxième fenêtre ayant
une durée prédéterminée en utilisant le signal détecté ; et
la détection, en utilisant une unité de détection d’onde pulsée (19), d’une onde pulsée à partir du signal, et
caractérisé en ce que
le calcul comprend le calcul du coefficient de corrélation corrigé en utilisant l’équation suivante : 

où x est une valeur d’amplitude de la forme d’onde dans la première fenêtre, x est la moyenne de x(1), ..., x(X),
y est une valeur d’amplitude de la forme d’onde dans la deuxième fenêtre, z est un index de décalage de la

deuxième fenêtre, y(z) est la moyenne de y(z,1),...,y(z,X),  est la cova-

riance de la valeur d’amplitude dans la première fenêtre et de la valeur d’amplitude dans la deuxième fenêtre,

et  est la plus grande dispersion parmi la dispersion de la

première fenêtre et la dispersion de la deuxième fenêtre ; et
l’onde pulsée est détectée lorsque le coefficient de corrélation corrigé est supérieur ou égal à un seuil prédé-
terminé.

7. Programme de traitement de signal qui amène un processeur de signal selon la revendication 1 à exécuter :

la détection, en utilisant une unité de détection de signal (15), d’un signal dans une bande de fréquence cor-
respondant à une onde pulsée à partir d’une image dans laquelle un corps vivant a été capturé ;
le calcul, en utilisant une unité de calcul de coefficient de corrélation corrigé (18), d’un coefficient de corrélation
corrigé entre les formes d’onde du signal incluses dans une première fenêtre et une deuxième fenêtre ayant
une durée prédéterminée en utilisant le signal détecté ; et
la détection, en utilisant une unité de détection d’onde pulsée (19), d’une onde pulsée à partir du signal, et
caractérisé en ce que
le calcul comprend le calcul du coefficient de corrélation corrigé en utilisant l’équation suivante : 

où x est une valeur d’amplitude de la forme d’onde dans la première fenêtre, x est la moyenne de x(1), ..., x(X),
y est une valeur d’amplitude de la forme d’onde dans la deuxième fenêtre, z est un index de décalage de la

deuxième fenêtre, y(z) est la moyenne de y(z,1),...,y(z,X),  est la covariance

de la valeur d’amplitude dans la première fenêtre et de la valeur d’amplitude dans la deuxième fenêtre, et

 est la plus grande dispersion parmi la dispersion de la

première fenêtre et la dispersion de la deuxième fenêtre ; et
l’onde pulsée est détectée lorsque le coefficient de corrélation corrigé est supérieur ou égal à un seuil prédé-
terminé.
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