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DESCRIPTION

Title of Invention: ARRHYTHMIC STATE DETECTION ASSISTING DEVICE AND 

PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an arrhythmic state detection assisting device and 

a program.

BACKGROUND ART

[0002] Heretofore, the following technologies have been applicable to using the pulse of 

a user to assist in health management of the user.

[0003] Japanese Patent Application Laid-Open (JP-A) No. 2019-58258 discloses a 

physical and mental state assessment device with the object of providing a technology that 

accurately assesses a physical or mental state, such as stress or the like, of a test subject 

without imposing a burden on the test subject.  The physical and mental state assessment 

device includes calculating means for calculating a first similarity representing a degree of 

similarity between a first pulse rate in a first interval and a second pulse rate in the first 

interval, for a first region including a part of the face in a time series of plural face images.  

The first pulse rate is estimated by a first estimation method using plural luminance values of 

the first region, and the second pulse rate is estimated by a second estimation method that is 

different from the first estimation method.  The physical and mental state assessment device 

also includes assessing means for, in accordance with the calculated first similarity, using any 

of the first pulse rate, the second pulse rate and the plural face images in the first interval to 

assess the physical or mental state of the test subject.

[0004] JP-A No. 2019-136352 discloses a bio-information display device with the object 
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of improving ease of use when heartbeat fluctuation biofeedback is conducted.  The bio-

information display device includes a casing and an imaging unit, which captures images of 

the face of an observation subject and acquires video image data of a detection region from 

the captured images.  The detection region includes a skin region of the face of the 

observation subject.  The bio-information display device further includes a processing unit 

that acquires bio-information including information on pulse waves of the person from the 

video image data of the detection region and that uses this bio-information to generate an 

information display screen for implementing heartbeat fluctuation biofeedback.  The bio-

information display device includes a display unit that is disposed at the casing, in the same 

plane as the imaging unit, and that displays the information display screen.  The processing 

unit of the bio-information display device generates the information display screen to include 

a breathing assistant that aids breathing of the observation subject for the heartbeat fluctuation 

biofeedback.  In the information display screen of the bio-information display device, at 

least a portion of the breathing assistant is disposed on a straight line passing through the 

imaging unit.  The straight line passing through the imaging unit orthogonally crosses an 

outer periphery edge of the display unit that is closest to the imaging unit.

[0005] Japanese Patent Application Re-publication No. 2017-85894 discloses a pulse 

wave analysis device with the object of enabling an improvement in analytical accuracy of 

pulse wave waveforms of a subject.  The pulse wave analysis device extracts images of each 

of plural parts of a subject from plural captured images in which the subject is imaged, and 

generates pulse wave waveforms of the respective parts by analyzing the images of the 

respective parts extracted from the plural captured images.  The pulse wave analysis device 

then calculates a first matching rate representing a degree of matching between pulse wave 

waveforms among the generated pulse wave waveforms of the respective parts.
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[0006] U.S. Patent No. 10,004,410 discloses a technology that uses images of the face of 

a subject to detect information relating to pulse waves, including an arrhythmia of the subject.  

In this technology, red and green luminance components of the images of the face of the 

subject are used to estimate whether or not an arrhythmia is occurring in the subject.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] As a result of investigations by the inventors of the present invention, it has been 

discovered that an occurrence of arrhythmia in a subject correlates strongly with a variance 

value, for a predetermined interval, of periods of a periodic change in a green luminance 

component in image information acquired by image capture of a predetermined part of the 

subject.

[0008] However, the technologies disclosed in the reference documents described above 

give no consideration to this variance value.  When these technologies are employed, it is 

not necessarily possible to accurately assess whether or not an arrhythmia is occurring in a 

subject.

[0009] In consideration of the problem described above, an object of the present 

disclosure is to provide an arrhythmic state detection assisting device and program that may 

accurately estimate whether or not a likelihood that an arrhythmia is occurring is high.

SOLUTION TO PROBLEM

[0010] A first aspect of the present disclosure includes: an acquisition unit that acquires 

image information obtained by capturing an image of a predetermined part of a subject with 

an image capture device that captures a color moving image; a derivation unit that derives a 

variance value, for a predetermined interval, of periods of a periodic change in a green 
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luminance component in the image information acquired by the acquisition unit; and an 

estimation unit that, as the variance value derived by the derivation unit becomes greater, 

estimates a higher likelihood that an arrhythmia is occurring in the subject.

[0011] In a second aspect of the present disclosure, in the first aspect, the estimation unit 

estimates a higher likelihood that an arrhythmia is occurring when the variance value is at 

least a predetermined threshold value.

[0012] In a third aspect of the present disclosure, in the first aspect or the second aspect, 

the part is a face of the subject.

[0013] In a fourth aspect of the present disclosure, in the third aspect, the part is parts at 

plural portions of the face.

[0014] In a fifth aspect of the present disclosure, in any one of the first to fourth aspects, 

when the part moves in the moving image represented by the image information acquired by 

the acquisition unit, the derivation unit tracks movement of the part for deriving the variance 

value.

[0015] In a sixth aspect of the present disclosure, any one of the first to fifth aspects 

further includes an identifying unit that, when the subject has an arrhythmia, identifies a type 

of the arrhythmia, the identifying unit using a chronological pattern of the green luminance 

component.

[0016] A seventh aspect of the present disclosure execute by a computer to perform 

processing including: acquiring image information obtained by capturing an image of a 

predetermined part of a subject with an image capture device that captures a color moving 

image; deriving a variance value, for a predetermined interval, of periods of a periodic change 

in a green luminance component in the acquired image information; and, as the derived 

variance value becomes greater, estimating a higher likelihood that an arrhythmia is occurring 
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in the subject.

ADVANTAGEOUS EFFECTS OF INVENTION

[0017] According to the present disclosure, a likelihood that an arrhythmia is occurring 

may be more accurately estimated.

BRIEF DESCRIPTION OF DRAWINGS

[0018] Fig. 1 is a block diagram showing an example of hardware structures of an 

arrhythmic state detection assisting device according to an exemplary embodiment.

Fig. 2 is a block diagram showing an example of functional structures of the arrhythmic 

state detection assisting device according to the exemplary embodiment.

Fig. 3 is a schematic diagram showing an example of structures of a green luminance 

component information database according to the exemplary embodiment.

Fig. 4 is a schematic diagram showing an example of structures of an arrhythmia pattern 

information database according to the exemplary embodiment.

Fig. 5 is a diagram supporting a description of the theory of a technique for estimating a 

state of occurrence of arrhythmia according to the exemplary embodiment, which is a 

schematic diagram showing structures of an experiment by the inventors of the present 

invention.

Fig. 6 is a diagram supporting the description of the theory of the technique for 

estimating a state of occurrence of arrhythmia according to the exemplary embodiment, which 

is a graph showing states of variance values obtained in the experiment by the inventors of the 

present invention.

Fig. 7 is a diagram supporting the description of the theory of the technique for 

estimating a state of occurrence of arrhythmia according to the exemplary embodiment, which 
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is a graph supporting a description of an instantaneous pulse rate employed in the experiment 

by the inventors of the present invention.

Fig. 8 is a flowchart showing an example of arrhythmic state detection assisting 

processing according to the exemplary embodiment.

Fig. 9 is an elevation view showing an example of composition of an arrhythmia 

presentation screen that is displayed at a time of execution of the arrhythmic state detection 

assisting processing according to the exemplary embodiment.

Fig. 10 is an elevation view showing an example of composition of a sinus rhythm 

presentation screen that is displayed at a time of execution of the arrhythmic state detection 

assisting processing according to the exemplary embodiment.

DETAILED DESCRIPTION

[0019] Below, an example of an exemplary embodiment of the present disclosure is 

described in detail with reference to the drawings.  In the drawings, the same reference 

symbols are assigned to structural elements and portions that are the same or equivalent.  

Proportional dimensions in the drawings may be exaggerated to facilitate understanding and 

may be different from actual proportions.

[0020] In the present exemplary embodiment, a situation is described in which an 

arrhythmic state detection assisting device according to the technology of the present 

disclosure is applied at a general-purpose smartphone.  However, application objects of the 

technology of the present disclosure are not limited to smartphones.  As well as obvious 

alternative portable information processing devices such as portable video game machines, 

tablet terminals, notebook computers and the like, the technology may be applied to static 

information processing devices.
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[0021] First, structures of an arrhythmic state detection assisting device 10 according to 

the present exemplary embodiment are described with reference to Fig. 1 and Fig. 2.  Fig. 1 

is a block diagram showing an example of hardware structures of the arrhythmic state 

detection assisting device 10 according to the exemplary embodiment.  Fig. 2 is a block 

diagram showing an example of functional structures of the arrhythmic state detection 

assisting device 10 according to the exemplary embodiment.

[0022] As shown in Fig. 1, the arrhythmic state detection assisting device 10 according to 

the present exemplary embodiment is provided with a central processing unit (CPU) 11, a 

memory 12 that serves as a temporary memory region, a nonvolatile storage unit 13, and an 

entry unit 14 such as a touch panel with various switches or the like.  The arrhythmic state 

detection assisting device 10 according to the present exemplary embodiment is further 

provided with a display unit 15 such as a liquid crystal display or the like and a medium 

reading/writing apparatus (R/W) 16.  The arrhythmic state detection assisting device 10 

according to the present exemplary embodiment is still further provided with a wireless 

communication unit 18 that conducts mobile communications by a predetermined 

communications standard, a sound output unit 19, and an image capture unit 20 that functions 

as an image capture device that captures color moving images.  The CPU 11, the memory 

12, the storage unit 13, the entry unit 14, the display unit 15, the medium reading/writing 

apparatus 16, the wireless communication unit 18, the sound output unit 19 and the image 

capture unit 20 are connected to one another via a bus B.  The medium reading/writing 

apparatus 16 reads information that has been written to a recording medium 17 and writes 

information to the recording medium 17.

[0023] The storage unit 13 is realized by a hard disk drive (HDD), a solid state drive 

(SSD), flash memory or the like.  The storage unit 13, serving as a storage medium,
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memorizes an arrhythmic state detection assisting program 13A.  The arrhythmic state 

detection assisting program 13A is written to the recording medium 17, and the arrhythmic 

state detection assisting program 13A is memorized into the storage unit 13 by the recording 

medium 17 being set in the medium reading/writing apparatus 16 and the medium 

reading/writing apparatus 16 reading the arrhythmic state detection assisting program 13A 

from the recording medium 17.  The CPU 11 loads the arrhythmic state detection assisting 

program 13A from the storage unit 13 into the memory 12, and sequentially executes 

processes of the arrhythmic state detection assisting program 13A.

[0024] Thus, in the arrhythmic state detection assisting device 10 according to the present 

exemplary embodiment, the arrhythmic state detection assisting program 13A is installed at 

the arrhythmic state detection assisting device 10 via the recording medium 17.  However, 

this is not limiting.  For example, a mode is possible in which the arrhythmic state detection 

assisting program 13A is installed at the arrhythmic state detection assisting device 10 by 

being downloaded via the wireless communication unit 18.

[0025] The storage unit 13 also memorizes a green luminance component information 

database 13B and an arrhythmia pattern information database 13C.  The green luminance 

component information database 13B and arrhythmia pattern information database 13C are 

described in more detail below.

[0026] Now, functional structures of the arrhythmic state detection assisting device 10 

according to the present exemplary embodiment are described with reference to Fig. 2.  As 

shown in Fig. 2, the arrhythmic state detection assisting device 10 according to the present 

exemplary embodiment includes an acquisition unit 11A, a derivation unit 11B, an estimation 

unit 11C and an identifying unit 11D.  The CPU 11 of the arrhythmic state detection 

assisting device 10, by executing the arrhythmic state detection assisting program 13A, 
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functions as the acquisition unit 11A, the derivation unit 11B, the estimation unit 11C and the 

identifying unit 11D.

[0027] The acquisition unit 11A according to the present exemplary embodiment acquires 

image information that is obtained by capturing an image of a predetermined part of a subject 

with an image capture device that captures color moving images (the image capture unit 20 in 

the present exemplary embodiment).

[0028] In the present exemplary embodiment, the face of the subject is employed as the 

above-mentioned predetermined part, but this is not limiting.  For example, any region may 

be employed as the predetermined part provided the skin of the region is exposed, such as a 

hand, arm, neck or the like of the subject.  Furthermore in the present exemplary 

embodiment, parts at plural portions of the face of the subject are employed as the 

predetermined part.  In the present exemplary embodiment, parts at two portions of the 

forehead and the left cheek are employed as the above-mentioned parts of plural portions of 

the face, but this is not limiting.  For example, a mode is possible in which a combination of 

plural parts including, as well as these parts, other parts of the face of the subject such as the 

right cheek, the chin and the like is employed as the parts of plural portions of the face.

[0029] The derivation unit 11B according to the present exemplary embodiment derives a 

variance value, for a predetermined interval, of periods of a periodic change in a green 

luminance component in the image information acquired by the acquisition unit 11A (below 

referred to simply as "the variance value").  The estimation unit 11C according to the present 

exemplary embodiment estimates a higher likelihood that an arrhythmia is occurring in the 

subject as the variance value derived by the derivation unit 11B becomes greater.  In 

particular, the estimation unit 11C according to the present exemplary embodiment estimates 

a higher likelihood that the subject is having an arrhythmia when the variance value is equal 
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to or greater than a predetermined threshold value TH, which is described below (see Fig. 8).

[0030] In the present exemplary embodiment, as the threshold value TH, a value that is 

obtained by prior experimentation, a computer simulation or the like is employed as a value 

such that, when the variance value is equal to or greater than that value, a likelihood that an 

arrhythmia is occurring in the subject may be considered high.  However, this mode is not 

limiting.  For example, a mode is possible in which a threshold value TH is specified in 

advance for an individual subject in accordance with an arrhythmia detection accuracy 

required by the arrhythmic state detection assisting device 10, a state of movement of the 

subject, and the sex, age group and the like of the subject.

[0031] As described above, the present exemplary embodiment is a mode in which a high 

likelihood that an arrhythmia is occurring at the subject is estimated when the variance value 

derived by the derivation unit 11B is at least the predetermined threshold value TH, but this is 

not limiting.  For example, a mode is possible in which the likelihood that an arrhythmia is 

occurring at the subject is estimated to be high when a difference between the variance value 

derived by the derivation unit 11B and a variance value of the individual subject in a previous 

predetermined interval is at least a predetermined threshold value.  The variance value of the 

previous predetermined interval that is employed in this mode may be, for example, a mean 

value of the variance values in a recent predetermined interval (for example, 10 minutes), a 

mean value of the variance values in a predetermined interval (for example, five minutes) at 

the same time on a previous day, or the like.

[0032] When the part moves in the moving image represented by the image information 

acquired by the acquisition unit 11A, the derivation unit 11B according to the present 

exemplary embodiment tracks movement of the part to derive the variance value.

[0033] When the subject is having an arrhythmia, the identifying unit 11D according to 
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the present exemplary embodiment uses a chronological pattern of the green luminance 

component mentioned above to identify a type of the arrhythmia.

[0034] Now, the green luminance component information database 13B according to the 

present exemplary embodiment is described with reference to Fig. 3.  Fig. 3 is a schematic 

diagram showing an example of structures of the green luminance component information 

database 13B according to the exemplary embodiment.

[0035] The green luminance component information database 13B according to the 

present exemplary embodiment is a database for memorizing information obtained by the 

image capture of moving images by the image capture unit 20 of the arrhythmic state 

detection assisting device 10, in order to detect when a likelihood that an arrhythmia is 

occurring in the subject is high.

[0036] As shown in Fig. 3, the green luminance component information database 13B 

according to the present exemplary embodiment memorizes information relating to green

luminance components (below referred to as the green luminance component) at respective 

amounts of elapsed time with a predetermined interval (0.01 s in the present exemplary 

embodiment) from the start of image capture by the image capture unit 20.

[0037] The image information obtained by the image capture unit 20 includes separate 

luminance components of the primary colors red, green and blue, but the green luminance 

component information database 13B according to the present exemplary embodiment 

memorizes a chronological sequence only of information on the green luminance component 

of the separate luminance components of the primary colors.  However, this is not limiting.  

A mode is possible in which information on the luminance components of all the colors red, 

green and blue is memorized.

[0038] Now, the arrhythmia pattern information database 13C according to the present 
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exemplary embodiment is described with reference to Fig. 4.  Fig. 4 is a schematic diagram 

showing an example of structures of the arrhythmia pattern information database 13C 

according to the exemplary embodiment.

[0039] The arrhythmia pattern information database 13C according to the present 

exemplary embodiment is a database for identifying the type of arrhythmia when the 

likelihood that the subject is having an arrhythmia is high.

[0040] As shown in Fig. 4, the arrhythmia pattern information database 13C according to 

the present exemplary embodiment memorizes information on arrhythmia names and patterns 

for each of types of arrhythmia that are anticipated at the arrhythmic state detection assisting 

device 10 according to the present exemplary embodiment.  These patterns are information 

representing chronological waveforms of pulse rates that are typical of the corresponding 

arrhythmias.

[0041] The theory of a technique for estimating a state of occurrence of arrhythmia in 

arrhythmic state detection assisting processing according to the present exemplary 

embodiment, which is described below, is now described with reference to Fig. 5 to Fig. 7.  

Fig. 5 is a diagram supporting the description of the theory of the technique for estimating a 

state of occurrence of arrhythmia according to the exemplary embodiment, which is a 

schematic diagram showing structures of an experiment by the inventors of the present 

invention.  Fig. 6 is another diagram supporting the description of the theory of the 

technique for estimating a state of occurrence of arrhythmia according to the exemplary 

embodiment, which is a graph showing states of variance values obtained in the experiment 

by the inventors of the present invention.  Fig. 7 is a further diagram supporting the 

description of the theory of the technique for estimating a state of occurrence of arrhythmia 

according to the exemplary embodiment, which is a graph supporting a description of an 
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instantaneous pulse rate employed in the experiment by the inventors of the present invention.

[0042] It is known that analyzing body video images captured by an ordinary image 

capture device can provide, from green luminance components of the body video images, 

pulse wave signals (below referred to as video pulse waves) that are similar to pulse wave 

signals obtained from existing photoelectric plethysmographs.  However, there are few 

examples of studies observing video pulse waves of patients with arrhythmias affecting the 

video pulse waves.  Accordingly, the inventors of the present invention observed effects of 

arrhythmias on video pulse waves in, among arrhythmia patients, atrial fibrillation patients.

[0043] The subjects of these observations were 10 healthy volunteers, 2 men and 8 

women, and 34 arrhythmia patients admitted to Iwate Medical University Hospital for 

ablation treatments (31 were sustained atrial fibrillation patients, 2 were patients who 

developed sinus rhythms while in hospital, and 1 was a patient with pacing by an internal 

pacemaker).  Measurements were actually conducted on 50 atrial fibrillation patients and 12 

healthy adults, but cases with very low confidence values due to the effects of environmental 

conditions during measurement and suchlike were excluded; so the healthy people and 

arrhythmia patients listed above were the subjects of observation.

[0044] As shown in Fig. 5, a test subject sits on a chair placed in front of a video camera 

for capturing moving images, and the head of the test subject is set in place by a support rest.  

The test subject wears dark glasses to protect their privacy, and images of the test subject's 

face are captured.  A photoelectric plethysmograph is attached to a finger of the test subject.

[0045] In this state, a moving image of a region of the face of the test subject is captured 

while a photoelectric pulse wave and an electrocardiogram are measured for one minute, and 

the obtained moving image is analyzed to provide a video pulse wave.  On the basis of the 

video pulse wave and the photoelectric pulse wave and electrocardiogram, comparative 
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observations regarding pulse rates and pulse waves are conducted.  In the example shown in 

Fig. 5, a structure in which a "hand rest and screen" are provided to enable imaging of a palm 

of the test subject is shown, but these measurements are excluded from consideration here.

[0046] The results were sinus rhythms with mean pulse rates y of video pulse waves 

standardized against mean pulse rates x of the photoelectric pulse waves.  For healthy adults, 

y=1.0009x–0.0389 (correlation coefficient R=0.99) and, similarly for atrial fibrillation 

patients, the average pulse rate y=0.9832x (correlation coefficient R=0.8), confirming a 

correlation between the photoelectric pulse waves and video pulse waves.

[0047] As the variance value of periods of a periodic change in the video pulse rate for a 

predetermined interval, the inventors of the present invention employ a variance value V 

obtained from expression (1) below.  This variance value V is obtained using an 

instantaneous pulse rate IP (pulses/minute) that is obtained by substituting a time difference 

(seconds) between a peak P1 and peak P2 of adjacent pulse waves at respective times, as in 

the example shown in Fig. 7, into expression (2).

[0048]

V = standard deviation of IP / mean pulse rate for 1 minute (1)

in which

IP = 60 / P1–P2 (2)

[0049] As shown in Fig. 6, the variance values V obtained by the observations described 

above from video pulse waves were 0.06±0.03 for healthy people and 0.20±0.03 for atrial 

fibrillation patients.  Thus, it was confirmed that healthy people and atrial fibrillation 

patients may be substantially distinguished by the variance values V obtained from video 

pulse waves.
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[0050] Given the results of the observations described above, the arrhythmic state 

detection assisting device 10 according to the present exemplary embodiment is a device that 

uses the variance value V to estimate whether or not a likelihood that an arrhythmia is 

occurring at a subject is high.

[0051] Now, operation of the arrhythmic state detection assisting device 10 according to 

the present exemplary embodiment is described with reference to Fig. 8 to Fig. 10.  Fig. 8 is 

a flowchart showing an example of the arrhythmic state detection assisting processing 

according to the exemplary embodiment.  Fig. 9 is an elevation view showing an example of 

composition of an arrhythmia presentation screen that is displayed at a time of execution of 

the arrhythmic state detection assisting processing according to the exemplary embodiment.  

Fig. 10 is an elevation view showing an example of composition of a sinus rhythm

presentation screen that is displayed at a time of execution of the arrhythmic state detection 

assisting processing according to the exemplary embodiment.

[0052] The arrhythmic state detection assisting processing shown in Fig. 8 is 

implemented by the CPU 11 of the arrhythmic state detection assisting device 10 executing 

the arrhythmic state detection assisting program 13A.  The arrhythmic state detection 

assisting processing shown in Fig. 8 is executed when a user performs entry of a command 

that starts execution of the arrhythmic state detection assisting program 13A via the entry unit 

14.  At this time, the user positions the arrhythmic state detection assisting device 10 at a 

position at which imaging of the user's face by the image capture unit 20 is possible.

[0053] In step 100 of Fig. 8, the CPU 11 performs control to start image capture of a 

color moving image by the image capture unit 20.  In step 102, the CPU 11 acquires from 

the image capture unit 20 image information representing a single color image frame in the 

moving image obtained by the image capture.
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[0054] In step 104, the CPU 11 extracts a value of the green luminance component from 

the acquired image information.  In the present exemplary embodiment, the extraction of the 

green luminance component value is conducted as described below.

[0055] First, the CPU 11 detects parts at two portions, the forehead and left cheek, of the 

face of the user from the acquired image information.  The present exemplary embodiment 

implements detection of the forehead and left cheek at this time by detecting regions of the 

face of the user with a conventionally known facial recognition technology and identifying, in 

skin-colored regions of the face, a partial region including an upper end portion as a forehead

region and a partial region including a right end portion as a left cheek region.  However, 

this mode is not limiting.  Obviously a mode that uses an alternative conventionally known 

image recognition technology for detecting parts at the two portions of the forehead and left 

cheek is possible.

[0056] Then, for each of the parts in the acquired image information, the forehead and 

left cheek, the CPU 11 extracts values of the green luminance component from the image 

information of the detected regions of the forehead and left cheek, and calculates mean values 

of the green luminance component values for each of those parts.  Considering the mean 

value that is larger among the calculated mean values of the respective parts to be less likely 

to be adversely affected by various kinds of noise, the CPU 11 employs the larger mean value 

as the green luminance component value.

[0057] Thus, in the present exemplary embodiment, the largest of the mean values of 

green luminance component values at plural portions (in the present exemplary embodiment, 

two portions, the forehead and the left cheek) is employed as the green luminance component, 

but this is not limiting.  For example, a mode is possible in which a mean value of the mean 

values of green luminance component values of the plural parts is employed as the green 
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luminance component.

[0058] In step 106, the CPU 11 memorizes the extracted value of the green luminance 

component into the green luminance component information database 13B together with an 

elapsed time from the start of image capture by the image capture unit 20.  In step 108, the 

CPU 11 makes a determination as to whether a predetermined first interval (in the present 

exemplary embodiment, 3 minutes) has elapsed.  When the result of this determination is

affirmative, the CPU 11 proceeds to step 112, and when the result of the determination is 

negative, the CPU 11 proceeds to step 110.  In step 110, the CPU 11 waits for a 

predetermined second interval (in the present exemplary embodiment, 0.05 s) to elapse, and 

then returns to step 102.

[0059] The green luminance component information database 13B, for example, as 

shown in Fig. 3, is sequentially built up by repeating the processing of step 102 to step 110 

described above.

[0060] In step 112, the CPU 11 reads the green luminance component values 

corresponding to the most recent predetermined interval (3 minutes in the present exemplary 

embodiment) from the green luminance component information database 13B, and uses the 

green luminance component values that are read to create a pulse wave waveform (equivalent 

to the video pulse wave mentioned above).

[0061] In step 114, the CPU 11 uses the created pulse wave waveform to derive the 

above-described variance value V.  In step 116, the CPU 11 makes a determination as to 

whether the derived variance value V is at least a threshold value TH (in the present 

exemplary embodiment, 0.13).  When the result of this determination is affirmative, the CPU 

11 considers the likelihood that an arrhythmia is occurring to be high and proceeds to step 

118.
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[0062] In step 118, the CPU 11 uses a pattern of the created pulse wave waveform (below 

referred to as the detected pulse wave pattern) to identify a type of arrhythmia that is likely to 

be occurring (below referred to as "the arrhythmia type"), as illustrated below.

[0063] First, the CPU 11 reads all the information (below referred to as the arrhythmia 

pattern information) from the arrhythmia pattern information database 13C.  Then the CPU 

11 identifies a pattern that most resembles the detected pulse wave pattern from the patterns 

represented by the read arrhythmia pattern information.  In the present exemplary 

embodiment, a conventionally known pattern matching technology is used for identifying the 

pattern, but this is not limiting.

[0064] As the type of arrhythmia, the CPU 11 identifies a type of arrhythmia represented 

by the arrhythmia name corresponding to the identified pattern in the arrhythmia pattern 

information that most resembles the detected pulse wave pattern.

[0065] In step 120, the CPU 11 controls the display unit 15 so as to display an arrhythmia 

presentation screen with a predetermined composition, and subsequently proceeds to step 124.

[0066] Fig. 9 shows an example of the composition of the arrhythmia presentation screen 

according to the exemplary embodiment.  As shown in Fig. 9, in the arrhythmia presentation 

screen according to the present exemplary embodiment, information indicating that the 

likelihood that an arrhythmia is occurring is high is displayed together with information 

representing the identified type of arrhythmia (in the example shown in Fig. 9, "atrial 

fibrillation").  Thus, by referring to the arrhythmia presentation screen, a user may 

understand that the likelihood they are having an atrial fibrillation is high.

[0067] Alternatively, when the result of the determination in step 116 is negative, the

CPU 11 considers the likelihood that an arrhythmia is occurring to be low and proceeds to 

step 122.
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[0068] In step 122, the CPU 11 controls the display unit 15 so as to display a sinus 

rhythm presentation screen with a predetermined composition, and subsequently proceeds to 

step 124.

[0069] Fig. 10 shows an example of composition of the sinus rhythm presentation screen 

according to the exemplary embodiment.  As shown in Fig. 10, the sinus rhythm 

presentation screen according to the present exemplary embodiment displays a graph showing 

a pulse rate of the user at that moment and a graph showing recent estimates of the variance 

value V.  Thus, by referring to the sinus rhythm presentation screen, the user may understand 

that the likelihood they are having an arrhythmia is low and the recent estimates of the 

variance value V.

[0070] In step 124, the CPU 11 makes a determination as to whether a predetermined end 

timing has been reached.  When the result of this determination is negative, the CPU 11 

returns to step 102, and when the result of the determination is affirmative, the CPU 11 

proceeds to step 126.  In the present exemplary embodiment, a timing at which an entry 

commanding the end of execution of the arrhythmic state detection assisting program 13A is 

carried out by the user via the entry unit 14 is employed as the end timing, but this is not 

limiting.  For example, a mode in which an alternative timing is employed as the end timing 

is possible, such as a timing at which the face of the user has been removed from a field of 

image capture by the image capture unit 20 for at least a predetermined interval (for example, 

10 seconds), or a pre-specified time or the like.

[0071] In step 126, the CPU 11 stops the image capture by the image capture unit 20 that 

was started by the processing of step 100, and subsequently ends the present arrhythmic state 

detection assisting processing.

[0072] As described above, according to the exemplary embodiment, the acquisition unit 
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11A, the derivation unit 11B and the estimation unit 11C are provided.  The acquisition unit 

11A acquires image information obtained by capturing an image of a predetermined part of a 

subject with an image capture device that captures a color moving image.  The derivation 

unit 11B derives a variance value, for a predetermined interval, of periods of a periodic 

change in a green luminance component in the image information acquired by the acquisition 

unit 11A.  When the variance value derived by the derivation unit 11B is greater, the 

estimation unit 11C estimates a higher likelihood that an arrhythmia is occurring in the 

subject.  Thus, whether or not an arrhythmia is occurring may be more accurately estimated.

[0073] According to the exemplary embodiment, a high likelihood that an arrhythmia is 

occurring is estimated when the variance value is at least the predetermined threshold value.  

Thus, whether or not the likelihood that an arrhythmia is occurring is high may be estimated 

more easily than if this threshold value is not used.

[0074] According to the exemplary embodiment, the part is at the face of the subject.  

Thus, a state of arrhythmia may be estimated more easily then if the part is not at the face.

[0075] According to the exemplary embodiment, the part is parts at plural portions of the 

face.  Thus, a state of arrhythmia may be estimated more accurately than if the part is not 

parts at plural portions.

[0076] According to the exemplary embodiment, when the part moves in the moving 

image represented by the acquired image information, movement of the part is tracked for 

deriving the variance value.  Thus, a state of arrhythmia may be estimated more accurately 

than if the variance value is derived without tracking movement of the part.

[0077] According to the exemplary embodiment, when the subject has an arrhythmia, a 

chronological pattern of the green variance component is used to identify a type of the 

arrhythmia.  Thus, convenience for the user may be further improved compared to an 
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embodiment that does not identify a type of the arrhythmia.

[0078] In the exemplary embodiment described above, a case is described in which a 

state of occurrence of arrhythmia is presented by a display by the display unit, but this is not 

limiting.  For example, a mode is possible in which a state of occurrence of arrhythmia is 

presented by a voice message by the sound output unit 19, and a mode is possible in which a 

state of occurrence of arrhythmia is presented by printing by an image forming device such as 

a printer or the like.

[0079] In the exemplary embodiment described above, a case is described in which the 

arrhythmic state detection assisting device of the present invention is structured by a device 

that is formed as a single structure (in the above exemplary embodiment, a smartphone), but 

this is not limiting.  Modes are possible in which the arrhythmic state detection assisting 

device relating to the present invention is structured by a system using plural devices, for 

example, a server device such as a cloud server or the like and a terminal device.  In this 

case, a mode may be illustrated that captures a color moving image of the user with the 

terminal device, transfers the color moving image to the server device, uses the received 

moving image at the server device to estimate a state of occurrence of arrhythmia, sends an 

estimation result to the terminal device, and presents the estimation result at the terminal 

device.

[0080] In the exemplary embodiment described above, a case is described in which the 

likelihood that a subject is having an arrhythmia is estimated to be high when the variance 

value V is equal to or greater than the threshold value TH, but this is not limiting.  For 

example, it may be that the greater the variance value V, the higher the likelihood that an 

arrhythmia is occurring in a subject is estimated to be.  A variant example in this case may 

be illustrated in which, in the processing of step 120 of the arrhythmic state detection assisting 



22

processing (see Fig. 8), the arrhythmia presentation screen displays information indicating 

that the greater the variance value, the more likely it is that an arrhythmia is occurring in the 

subject.

[0081] Various kinds of processor illustrated below may be used as hardware structures 

of the processing unit of the exemplary embodiment described above that executes the 

processing of, for example, the acquisition unit 11A, the derivation unit 11B, the estimation 

unit 11C and the identifying unit 11D.  These various kinds of processor include, in addition 

to a CPU that is a general-purpose processor that functions as a processing unit executing 

software (a program) as described above, a PLD (programmable logic device) in which a 

circuit configuration can be modified after fabrication, such as an FPGA (field programmable 

gate array) or the like, a dedicated electronic circuit which is a processor with a circuit 

configuration that is specially designed to execute specific processing, such as an ASIC 

(application-specific integrated circuit) or the like, and so forth.

[0082] The processing unit may be structured by one of these various kinds of processors, 

and may be structured by a combination of two or more processors of the same or different 

kinds, for example, a combination of plural FPGAs, a combination of a CPU with an FPGA, 

or the like.  The processing unit may also be structured by a single processor.

[0083] Examples in which the processing unit is structured by a single processor include: 

firstly, a mode in which the single processor is structured by a combination of one or more 

CPUs and software, of which client and server computers or the like are representative, and 

this processor functions as the processing unit; and secondly, a mode in which the functions 

of an entire system including the processing unit are realized by a single integrated circuit 

(IC), of which a system on chip (SoC) or the like is representative.  Thus, the processing unit 

is structured using one or more of the above-mentioned various kinds of processor as a 
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hardware structure.

[0084] As hardware structures of these various kinds of processor, in more concrete 

terms, electronic circuitry combining circuit elements such as semiconductor components and 

the like may be employed.

[0085] The disclosures of Japanese Patent Application No. 2020-216927 filed December 

25, 2020 are incorporated into the present specification by reference in their entirety.  All 

references, patent applications and technical specifications cited in the present specification 

are incorporated by reference into the present specification to the same extent as if the 

individual references, patent applications and technical specifications were specifically and 

individually recited as being incorporated by reference.

[0086] The exemplary embodiment described above may be a mode of a non-transitory 

storage medium memorizing a program.  Examples of a non-transitory recording medium 

that can be expected include a CD-ROM (compact disc read-only memory), a magneto-optical 

disc, an HDD, a DVD-ROM (digital versatile disc read-only memory), a flash memory, a 

memory card and the like.

[0087] The following supplementary note is disclosed in relation to the exemplary 

embodiment described above.

- Supplementary note 1 -

A non-transitory storage medium stores a program executable by a computer to perform

arrhythmic state detection assisting processing,

the arrhythmic state detection assisting processing including:

acquiring image information obtained by capturing an image of a predetermined part of 

a subject with an image capture device that captures a color moving image;

deriving a variance value, for a predetermined interval, of periods of a periodic change 
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in a green luminance component in the acquired image information; and,

as the derived variance value becomes greater, estimating a higher likelihood that an 

arrhythmia is occurring in the subject.
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CLAIMS

Claim 1. An arrhythmic state detection assisting device comprising:

an acquisition unit that acquires image information obtained by capturing an image of a 

predetermined part of a subject with an image capture device that captures a color moving 

image;

a derivation unit that derives a variance value, for a predetermined interval, of periods 

of a periodic change in a green luminance component in the image information acquired by 

the acquisition unit; and

an estimation unit that, as the variance value derived by the derivation unit becomes

greater, estimates a higher likelihood that an arrhythmia is occurring in the subject.

Claim 2. The arrhythmic state detection assisting device according to claim 1, wherein the 

estimation unit estimates a higher likelihood that an arrhythmia is occurring when the 

variance value is at least a predetermined threshold value.

Claim 3. The arrhythmic state detection assisting device according to claim 1 or claim 2, 

wherein the part is a face of the subject.

Claim 4. The arrhythmic state detection assisting device according to claim 3, wherein the 

part is parts at a plurality of portions of the face.

Claim 5. The arrhythmic state detection assisting device according to any one of claims 1 to 

4, wherein, when the part moves in the moving image represented by the image information 
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acquired by the acquisition unit, the derivation unit tracks movement of the part for deriving 

the variance value.

Claim 6. The arrhythmic state detection assisting device according to any one of claims 1 to 

5, further comprising an identifying unit that, when the subject has an arrhythmia, identifies a 

type of the arrhythmia, the identifying unit using a chronological pattern of the green 

luminance component.

Claim 7. A program executable by a computer to perform processing comprising:

acquiring image information obtained by capturing an image of a predetermined part of 

a subject with an image capture device that captures a color moving image;

deriving a variance value, for a predetermined interval, of periods of a periodic change 

in a green luminance component in the acquired image information; and,

as the derived variance value becomes greater, estimating a higher likelihood that an 

arrhythmia is occurring in the subject.




