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HEARTBEAT/RESPIRATION OUTPUT DEVICE AND 

HEARTBEAT/RESPIRATION OUTPUT PROGRAM 

TECHNICAL FIELD 

[0001] 

This disclosure relates to a technique of listening to heartbeat and/or respiration 

like a stethoscope while enabling the alleviation of burdens on doctors or nurses, 

infection risk reduction, remote medical examination and treatment, early disease 

detection, and future predictive research based on radar signals or ultrasound signals 

reflecting off a body surface. 

BACKGROUND ART 

[0002] 

Patent Literature 1 and the like disclose a technique of calculating a heart rate 

and a respiration rate while enabling the alleviation of burdens on doctors or nurses, 

infection risk reduction, remote medical examination and treatment, early disease 

detection, and future predictive research based on radar signals reflecting off a body 

surface. 

CITATION LIST 

Patent Literature 

[0003] 

Patent Literature 1: JP-A-2019-129996 

SUMMARY OF INVENTION 

Technical Problem 
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[0004] 

However, according to Patent Literature 1 and the like, if an irradiation 

direction of the radar signals is not accurately adjusted, the heart rate and the respiration 

rate may be incorrectly calculated.  According to Patent Literature 1 and the like, the 

truth or falsehood of alerts was not correctly determined even if the heart rate and the 

respiration rate were incorrectly calculated. 

[0005] 

Therefore, in order to solve the above-described problem, an object of this 

disclosure is to, based on a radar signal (including an ultrasound signal) reflecting off a 

body surface, when calculating a heart rate and/or a respiration rate, accurately adjust an 

irradiation direction of the radar signal or the ultrasound signal and correctly determine 

the truth or falsehood of alerts of the heart rate and/or the respiration rate, while 

enabling the alleviation of burdens on doctors or nurses, infection risk reduction, remote 

medical examination and treatment, early disease detection, and future predictive 

research. 

Solution to Problem 

[0006] 

In order to solve the above-described problem, an amplitude temporal change 

or a phase temporal change of a frequency component caused by a micro vibration of 

heartbeat and/or respiration is calculated from a radar signal or an ultrasound signal 

reflecting off a body surface.  Then, amplitude modulation or frequency modulation is 

performed on a sound signal having an audible band frequency based on the amplitude 

temporal change or the phase temporal change of the frequency component caused by a 

micro vibration of heartbeat and/or respiration.  Doctors or nurses can then listen to the 
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heartbeat and/or the respiration like a stethoscope. 

[0007] 

Specifically, this disclosure is a heartbeat/respiration output device including: a 

heartbeat/respiration extraction unit that extracts a frequency component caused by a 

micro vibration of heartbeat and/or respiration from a radar signal or an ultrasound 

signal reflecting off a body surface and calculates an amplitude temporal change or a 

phase temporal change of the frequency component caused by a micro vibration of 

heartbeat and/or respiration; and a heartbeat/respiration output unit that performs 

amplitude modulation or frequency modulation on a sound signal having an audible 

band frequency based on the amplitude temporal change or the phase temporal change 

of the frequency component caused by a micro vibration of heartbeat and/or respiration 

and outputs the sound signal after amplitude modulation or frequency modulation. 

[0008] 

This configuration (1) allows accurately adjusting an irradiation direction of 

the radar signal or the ultrasound signal so that the doctors or the nurses can 

experimentally listen to the heartbeat and/or the respiration, (2) allows the doctors or the 

nurses to correctly determine the truth or falsehood of alerts of a heart rate and/or a 

respiration rate by directly listening to the heartbeat and/or the respiration, and (3) is 

applicable to the alleviation of burdens on the doctors or the nurses, infection risk 

reduction, remote medical examination and treatment, early disease detection, and 

future predictive research. 

[0009] 

This disclosure is the heartbeat/respiration output device in which the 

heartbeat/respiration output unit performs one modulation of amplitude modulation and 

frequency modulation on the sound signal based on the amplitude temporal change or 
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the phase temporal change of the frequency component caused by a micro vibration of 

heartbeat and performs another modulation of amplitude modulation and frequency 

modulation on the sound signal based on the amplitude temporal change or the phase 

temporal change of the frequency component caused by a micro vibration of respiration. 

[0010] 

This configuration allows listening to the heartbeat and the respiration as a 

magnitude and a pitch of the sound signal, respectively, or listening to the heartbeat and 

the respiration as a pitch and a magnitude of the sound signal, respectively, resulting in 

allowing listening to the heartbeat and the respiration simultaneously and separately. 

[0011] 

This disclosure is the heartbeat/respiration output device in which the 

heartbeat/respiration extraction unit calculates the phase temporal change of the 

frequency component caused by a micro vibration of respiration, with the phase 

temporal change of the frequency component caused by a micro vibration of heartbeat 

removed by extracting and then performing complex multiplication of positive and 

negative frequency components caused by a micro vibration of heartbeat. 

[0012] 

With this configuration, since the frequency component (on the order of ±10 or 

102 Hz) caused by the micro vibration of the heartbeat is extracted when listening to the 

respiration, without extracting the frequency component (DC component including an 

extremely low frequency component) caused by the micro vibration of the respiration, it 

is possible to ensure the improvement of robustness and the reduction of the effects of 

disturbances, and it is only necessary to consider a reflected signal from a chest without 

considering a reflected signal from an abdomen.  Note that disturbances, such as 

louvers of air conditioners, curtains swayed by the wind and the movements of nurses, 
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are mainly included in the DC component and are close to the frequency component 

caused by the micro vibration of the respiration, therefore making it difficult to improve 

the robustness and reduce the effects of the disturbances.  In addition, if the reflected 

signal from the abdomen and the reflected signal from the chest are synthesized, the 

respiration rate may be falsely recognized by a factor of two depending on synthesis 

conditions. 

[0013] 

This disclosure is the heartbeat/respiration output device in which the 

heartbeat/respiration extraction unit performs uprating on the amplitude temporal 

change or the phase temporal change having a low sampling frequency compared with 

the audible band frequency that the sound signal has, at a high uprating frequency 

compared with the audible band frequency that the sound signal has. 

[0014] 

With this configuration, even when the amplitude temporal change or the phase 

temporal change of the frequency components caused by the micro vibrations of the 

heartbeat and/or the respiration is sampled at a "low sampling frequency," by 

performing uprating on the amplitude temporal change or the phase temporal change of 

the frequency components caused by the micro vibrations of the heartbeat and/or the 

respiration at a "high uprating frequency," the sound signal having the audible band 

frequency can be amplitude-modulated or frequency-modulated by modulated 

information after the uprating. 

[0015] 

This disclosure is the heartbeat/respiration output device in which the 

heartbeat/respiration extraction unit performs any of low-pass filter processing after 

zero-padding processing on the amplitude temporal change or the phase temporal 
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change, copy interpolation processing on the amplitude temporal change or the phase 

temporal change, and spline interpolation processing on the amplitude temporal change 

or the phase temporal change when performing uprating on the amplitude temporal 

change or the phase temporal change. 

[0016] 

With this configuration, (1) using the low-pass filter processing after the zero-

padding processing can improve accuracy on the uprating even though a calculation 

amount during the uprating increases, (2) using the copy interpolation processing can 

reduce the calculation amount during the uprating even though discontinuous noise on 

the uprating remains, and (3) using the spline interpolation processing can reduce the 

calculation amount during the uprating and improve the accuracy on the uprating. 

[0017] 

This disclosure is a heartbeat/respiration output program for causing a 

computer to execute each processing step corresponding to each processing unit of the 

above-described heartbeat/respiration output device. 

[0018] 

This configuration allows providing the program having the above-described 

effects. 

Advantageous Effects of Invention 

[0019] 

Thus, this disclosure allows, based on a radar signal (including an ultrasound 

signal) reflecting off a body surface, when calculating a heart rate and/or a respiration 

rate, accurately adjusting an irradiation direction of the radar signal or the ultrasound 

signal and correctly determining the truth or falsehood of alerts of the heart rate and/or 
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the respiration rate, while enabling the alleviation of burdens on doctors or nurses, 

infection risk reduction, remote medical examination and treatment, early disease 

detection, and future predictive research. 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] 

Fig. 1 is a diagram illustrating a configuration of a heartbeat/respiration output 

device of this disclosure. 

Fig. 2 is a diagram illustrating a procedure of heartbeat/respiration output 

processing of this disclosure. 

Fig. 3 is a drawing illustrating a specific example of heartbeat extraction 

processing of this disclosure. 

Fig. 4 is a drawing illustrating a specific example of respiration extraction 

processing of this disclosure. 

Fig. 5 is a drawing illustrating a specific example of heartbeat/respiration 

extraction processing of this disclosure. 

Fig. 6 is a drawing illustrating a specific example of sound signal modulation 

processing of this disclosure. 

Fig. 7 is a drawing illustrating a specific example of frequency uprating 

processing of this disclosure. 

Fig. 8 is a drawing illustrating a specific example of the frequency uprating 

processing of this disclosure. 

Fig. 9 is a drawing illustrating a specific example of the frequency uprating 

processing of this disclosure. 

Fig. 10 is a drawing illustrating a specific example of the heartbeat/respiration 
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output processing of this disclosure. 

Fig. 11 is a drawing illustrating a specific example of the heartbeat/respiration 

output processing of this disclosure. 

DESCRIPTION OF EMBODIMENTS 

[0021] 

Embodiments of this disclosure will be described by referring to the 

accompanying drawings.  The embodiments described below are examples of the 

implementation of this disclosure, and this disclosure is not limited to the following 

embodiments. 

[0022] 

(Configuration of Heartbeat/Respiration Output Device of This Disclosure) 

Fig. 1 illustrates a configuration of a heartbeat/respiration output device of this 

disclosure.  Fig. 2 illustrates a procedure of heartbeat/respiration output processing of 

this disclosure.  A heartbeat/respiration output device M is equipped with a 

heartbeat/respiration extraction unit 1, a temporal change calculation unit 2, a frequency 

uprate unit 3, a sound signal modulation unit 4, and a heartbeat/respiration output unit 5 

and can be realized by installing a heartbeat/respiration output program illustrated in 

Fig. 2 on a computer. 

[0023] 

A radar transmission/reception device R or an ultrasound 

transmission/reception device R transmits a radar signal or an ultrasound signal (carrier 

wave band) with which a body surface of a patient P is irradiated, receives the radar 

signal or the ultrasound signal (carrier wave band) reflecting off the body surface of the 

patient P, and converts the received radar signal or ultrasound signal to a baseband to 
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output it.  A radar method or an ultrasound method may be any of a CW method, an 

FMCW method, a standing wave method, and other methods.  The radar signal or the 

ultrasound signal (carrier wave band) has a wavelength on the order of 1 mm to 10 mm, 

which is equal to on the order of a micro vibration width of the body surface of the 

patient P. 

[0024] 

The heartbeat/respiration output device M calculates an amplitude temporal 

change or a phase temporal change of frequency components caused by micro 

vibrations of heartbeat and/or respiration from the radar signal or the ultrasound signal 

(baseband) reflecting off the body surface of the patient P.  Then, based on the 

amplitude temporal change or the phase temporal change of the frequency components 

caused by the micro vibrations of the heartbeat and/or the respiration, amplitude 

modulation or frequency modulation is performed on a sound signal having an audible 

band frequency (on the order of 10 Hz to 10 kHz, especially on the order of 100 Hz).  

Doctors or nurses can then listen to the heartbeat and/or the respiration like a 

stethoscope. 

[0025] 

Accordingly, an irradiation direction of the radar signal or the ultrasound signal 

can be accurately adjusted so that the doctors or the nurses can experimentally listen to 

the heartbeat and/or the respiration.  Then, the doctors or the nurses can correctly 

determine the truth or falsehood of alerts of a heart rate and/or a respiration rate by 

directly listening to the heartbeat and/or the respiration.  Furthermore, the 

heartbeat/respiration output device M is applicable to the alleviation of burdens on the 

doctors or the nurses, infection risk reduction, remote medical examination and 

treatment, early disease detection, and future predictive research.  The following 
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describes a specific example of each processing of the heartbeat/respiration output 

device M. 

[0026] 

(Specific Example of Heartbeat/Respiration Extraction Processing of This Disclosure) 

Figs. 3 and 4 illustrate specific examples of heartbeat/respiration extraction 

processing of this disclosure.  The heartbeat/respiration extraction unit 1 extracts the 

frequency components (on the order of ±10 or 102 Hz and/or a DC component including 

an extremely low frequency component) caused by the micro vibrations of the heartbeat 

and/or the respiration from the radar signal or the ultrasound signal (I/Q complex signal 

converted to the baseband) reflecting off the body surface of the patient P (Step S1).  

Alternatively, the heartbeat/respiration extraction unit 1 extracts the frequency 

components (on the order of +10 or 102 Hz and/or the DC component including an 

extremely low frequency component) caused by the micro vibrations of the heartbeat 

and/or the respiration from the radar signal or the ultrasound signal (real number signal 

converted to the baseband) reflecting off the body surface of the patient P (Step S1). 

[0027] 

In Fig. 3, the heartbeat/respiration extraction unit 1 calculates a spectrogram S 

that shows the temporal change of each frequency component from the radar signal or 

the ultrasound signal (I/Q complex signal converted to the baseband) reflecting off the 

body surface of the patient P.  Then, from the spectrogram S, the frequency component 

(on the order of ±10 or 102 Hz) caused by the micro vibration of the heartbeat is 

extracted.  Alternatively, the heartbeat/respiration extraction unit 1 calculates a band-

pass filter result B in the frequency component caused by the micro vibration of the 

heartbeat from the radar signal or the ultrasound signal (real number signal converted to 

the baseband) reflecting off the body surface of the patient P.  Then, in both cases, 
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about once or twice in 2 seconds, small amplitude peaks caused by the micro vibration 

of the heartbeat are extracted, and close amplitude peaks of a first sound and a second 

sound in one heartbeat are extracted. 

[0028] 

Here, the heartbeat/respiration extraction unit 1 extracts (ri[n], rq[n]) (r is a 

positive frequency, i and q are i and q components, respectively, and n is time) as a 

positive frequency component caused by the micro vibration of the heartbeat and (li[n], 

lq[n]) (l is a negative frequency, i and q are i and q components, respectively, and n is 

time) as a negative frequency component caused by the micro vibration of the heartbeat 

from the radar signal or the ultrasound signal (I/Q complex signal converted to the 

baseband) reflecting off the body surface of the patient P.  Alternatively, the 

heartbeat/respiration extraction unit 1 extracts bp[n] (b is a pass frequency band of the 

band-pass filter result B, p is heartbeat, and n is time) as a frequency component caused 

by the micro vibration of the heartbeat from the radar signal or the ultrasound signal 

(real number signal converted to the baseband) reflecting off the body surface of the 

patient P. 

[0029] 

In Fig. 4, the heartbeat/respiration extraction unit 1 calculates the spectrogram 

S that shows the temporal change of each frequency component from the radar signal or 

the ultrasound signal (I/Q complex signal converted to the baseband) reflecting off the 

body surface of the patient P.  Then, from the spectrogram S, the frequency component 

(DC component including an extremely low frequency component) caused by the micro 

vibration of the respiration is extracted.  Alternatively, the heartbeat/respiration 

extraction unit 1 calculates the band-pass filter result B in the frequency component 

caused by the micro vibration of the respiration from the radar signal or the ultrasound 
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signal (real number signal converted to the baseband) reflecting off the body surface of 

the patient P.  Then, in both cases, about once or twice in 10 seconds, amplitude peaks 

caused by the micro vibration of the respiration are extracted, and about three times 

between the respiration amplitude peaks, amplitude peaks caused by the micro vibration 

of the heartbeat are also extracted. 

[0030] 

Here, the heartbeat/respiration extraction unit 1 extracts (ci[n], cq[n]) (c is a 

center frequency, i and q are i and q components, respectively, and n is time) as a 

frequency component caused by the micro vibration of the respiration from the radar 

signal or the ultrasound signal (I/Q complex signal converted to the baseband) reflecting 

off the body surface of the patient P.  Alternatively, the heartbeat/respiration extraction 

unit 1 extracts br[n] (b is a pass frequency band of the band-pass filter result B, r is 

respiration, and n is time) as a frequency component caused by the micro vibration of 

the respiration from the radar signal or the ultrasound signal (real number signal 

converted to the baseband) reflecting off the body surface of the patient P. 

[0031] 

Fig. 5 also illustrates a specific example of the heartbeat/respiration extraction 

processing of this disclosure.  The heartbeat/respiration extraction unit 1 extracts the 

positive and negative frequency components (on the order of ±10 or 102 Hz) caused by 

the micro vibration of the heartbeat from the radar signal or the ultrasound signal (I/Q 

complex signal converted to the baseband) reflecting off the body surface of the patient 

P (Step S1).  Then, the heartbeat/respiration extraction unit 1 performs complex 

multiplication/division of the positive and negative frequency components (on the order 

of ±10 or 102 Hz) caused by the micro vibration of the heartbeat (Step S1). 

[0032] 
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The left section of Fig. 5 describes a principle of complex 

multiplication/division processing of the heartbeat/respiration extraction unit 1.  On the 

radar signal or the ultrasound signal (carrier wave band) reflecting off the body surface 

of the patient P, heartbeat phase modulation caused by the micro vibration of the 

heartbeat is performed, and respiration phase modulation caused by the micro vibration 

of the respiration is also performed.  Here, on the radar signal or the ultrasound signal 

(carrier wave band) reflecting off the body surface of the patient P, although heartbeat 

amplitude modulation is also performed, the heartbeat amplitude modulation is 

uncertain compared with the heartbeat phase modulation and therefore disadvantageous 

for highly accurate heartbeat extraction, and although respiration amplitude modulation 

is also performed, the respiration amplitude modulation is uncertain compared with the 

respiration phase modulation and therefore disadvantageous for highly accurate 

respiration extraction. 

[0033] 

In the right section of Fig. 5, the heartbeat/respiration extraction unit 1 extracts 

Aej{θr+(θp+)} (A is an amplitude, θr is a respiration phase change, θp is a heartbeat phase 

change, and  is an initial phase of the heartbeat phase change) as a positive frequency 

component caused by the micro vibration of the heartbeat and extracts Aej{θr−(θp+)−π} (π 

is a phase difference between upper and lower sideband waves of phase modulation) as 

a negative frequency component caused by the micro vibration of the heartbeat from the 

radar signal or the ultrasound signal (I/Q complex signal converted to the baseband) 

reflecting off the body surface of the patient P. 

[0034] 

Then, the heartbeat/respiration extraction unit 1 calculates 

Aej{θr+(θp+)}*Aej{θr−(θp+)−π} = |A|2ej(2θr−π) as complex multiplication of the positive and 
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negative frequency components.  Accordingly, from complex multiplication of the 

positive and negative frequency components |A|2ej(2θr−π), the respiration phase change θr

caused by the micro vibration of the respiration, with the heartbeat phase change θp+

caused by the micro vibration of the heartbeat removed, can be extracted. 

[0035] 

Thus, since the frequency component (on the order of ±10 or 102 Hz) caused 

by the micro vibration of the heartbeat is extracted when listening to the respiration, 

without extracting the frequency component (DC component including an extremely 

low frequency component) caused by the micro vibration of the respiration, it is 

possible to ensure the improvement of robustness and the reduction of the effects of 

disturbances, and it is only necessary to consider a reflected signal from a chest without 

considering a reflected signal from an abdomen.  Note that disturbances, such as 

louvers of air conditioners, curtains swayed by the wind and the movements of nurses, 

are mainly included in the DC component and are close to the frequency component 

caused by the micro vibration of the respiration, therefore making it difficult to improve 

the robustness and reduce the effects of the disturbances.  In addition, if the reflected 

signal from the abdomen and the reflected signal from the chest are synthesized, the 

respiration rate may be falsely recognized by a factor of two depending on synthesis 

conditions. 

[0036] 

Meanwhile, the heartbeat/respiration extraction unit 1 calculates 

Aej{θr+(θp+)}/Aej{(θr−(θp+)−π} = ej{2(θp+)+π} as complex division of the positive and negative 

frequency components.  Accordingly, from complex division of the positive and 

negative frequency components ej{2(θp+)+π}, the heartbeat phase change θp+ caused by 

the micro vibration of the heartbeat, with the respiration phase change θr caused by the 
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micro vibration of the respiration removed, can be extracted. 

[0037] 

Thus, since the frequency component (on the order of ±10 or 102 Hz) caused 

by the micro vibration of the heartbeat is extracted when listening to the heartbeat, it is 

possible to ensure the improvement of robustness and the reduction of the effects of 

disturbances, but it should be noted that in one heartbeat, whether the first sound and the 

second sound are in-phase state, inverse phase state, or other states vary depending on 

individual differences or animal species. 

[0038] 

(Specific Example of Sound Signal Modulation Processing of This Disclosure) 

Prior to sound signal modulation processing of this disclosure, the temporal 

change calculation unit 2 calculates the amplitude temporal change or the phase 

temporal change of the frequency components (on the order of ±10 or 102 Hz and/or the 

DC component including an extremely low frequency component) caused by the micro 

vibrations of the heartbeat and/or the respiration (Step S2). 

[0039] 

In Fig. 3, the temporal change calculation unit 2 calculates √(ri[n]2+rq[n]2), 

√(li[n]2+lq[n]2), or ap[n] (= amplitude of bp[n]) as the amplitude temporal change of the 

frequency component (on the order of ±10 or 102 Hz) caused by the micro vibration of 

the heartbeat.  Alternatively, the temporal change calculation unit 2 calculates 

tan−1(rq[n]/ri[n]), tan−1(lq[n]/li[n]), or θp[n] (= phase of bp[n]) as the phase temporal 

change of the frequency component (on the order of ±10 or 102 Hz) caused by the micro 

vibration of the heartbeat. 

[0040] 

In Fig. 4, the temporal change calculation unit 2 calculates √(ci[n]2+cq[n]2) or 



16 

ar[n] (= amplitude of br[n]) as the amplitude temporal change of the frequency 

component (DC component including an extremely low frequency component) caused 

by the micro vibration of the respiration.  Alternatively, the temporal change 

calculation unit 2 calculates tan−1(cq[n]/ci[n]) or θr[n] (= phase of br[n]) as the phase 

temporal change of the frequency component (DC component including an extremely 

low frequency component) caused by the micro vibration of the respiration. 

[0041] 

In Fig. 5, the temporal change calculation unit 2 calculates 2θr−π (extracted 

argument of e) as the phase temporal change of the frequency component (DC 

component including an extremely low frequency component) caused by the micro 

vibration of the respiration.  Alternatively, the temporal change calculation unit 2 

calculates 2(θp+)+π (extracted argument of e) as the phase temporal change of the 

frequency component (on the order of ±10 or 102 Hz) caused by the micro vibration of 

the heartbeat. 

[0042] 

Fig. 6 illustrate a specific example of the sound signal modulation processing 

of this disclosure.  The sound signal modulation unit 4 performs amplitude modulation 

or frequency modulation on a sound signal having an audible band frequency based on 

the amplitude temporal change or the phase temporal change of the frequency 

components caused by the micro vibrations of the heartbeat and/or the respiration (Step 

S4).  The heartbeat/respiration output unit 5 outputs the sound signal after amplitude 

modulation or frequency modulation (Step S5). 

[0043] 

In the upper stage of Fig. 6, at heartbeat output, modulated information is the 

amplitude temporal change (√(ri[n]2+rq[n]2), √(li[n]2+lq[n]2), ap[n]) or the phase 



17 

temporal change (tan−1(rq[n]/ri[n]), tan−1(lq[n]/li[n]), θp[n], 2(θp[n]+)+π), and the 

modulation method is amplitude modulation or frequency modulation. 

[0044] 

In the lower stage of Fig. 6, at respiration output, modulated information is the 

amplitude temporal change (√(ci[n]2+cq[n]2), ar[n]) or the phase temporal change 

(tan−1(cq[n]/ci[n]), θr[n], 2θr[n]−π), and the modulation method is amplitude modulation 

or frequency modulation. 

[0045] 

The sound signal modulation unit 4 may perform "one" modulation of 

amplitude modulation and frequency modulation on the sound signal based on the 

amplitude temporal change or the phase temporal change of the frequency component 

caused by the micro vibration of the "heartbeat" and may perform "the other" 

modulation of amplitude modulation and frequency modulation on the sound signal 

based on the amplitude temporal change or the phase temporal change of the frequency 

component caused by the micro vibration of the "respiration" (Step S4). 

[0046] 

For example, at the heartbeat output, the modulated information is assumed to 

be √(ri[n]2+rq[n]2), and at the respiration output, the modulated information is assumed 

to be 2θr[n]−π.  Then, when amplitude modulation is performed at the heartbeat output 

and frequency modulation is performed at the respiration output, the sound signal after 

modulation is expressed by the first equation of Math. 1.  When frequency modulation 

is performed at the heartbeat output and amplitude modulation is performed at the 

respiration output, the sound signal after modulation is expressed by the second 

equation of Math. 1.  Here, S[n] is a sound signal after modulation, f is an audible band 

frequency, and β is a modulation index. 
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[Math. 1] 

�[�] = ���[�]� + ��[�]� cos[2��� + �∑ (2��[�] − �)�
��� ] �[�] = (2��[�] −

�) cos�2��� + �∑ ���[�]� + ��[�]��
��� �[0047] 

Thus, the heartbeat and the respiration can be listened to as a magnitude and a 

pitch of the sound signal, respectively, or the heartbeat and the respiration can be 

listened to as a pitch and a magnitude of the sound signal, respectively, resulting in 

allowing listening to the heartbeat and the respiration simultaneously and separately. 

[0048] 

The sound signal modulation unit 4 may perform "one" modulation of 

amplitude modulation and frequency modulation on the sound signal based on the 

amplitude temporal change or the phase temporal change of the frequency component 

caused by the micro vibration of the "heartbeat" and may perform "the same" 

modulation of amplitude modulation and frequency modulation on the sound signal 

based on the amplitude temporal change or the phase temporal change of the frequency 

component caused by the micro vibration of the "respiration" (Step S4). 

[0049] 

For example, at the heartbeat output, the modulated information is assumed to 

be √(ri[n]2+rq[n]2), and at the respiration output, the modulated information is assumed 

to be 2θr[n]−π.  Then, when frequency modulation is performed at the heartbeat output 

and frequency modulation is performed at the respiration output, the sound signal after 

modulation is expressed by the first equation of Math. 2.  When amplitude modulation 

is performed at the heartbeat output and amplitude modulation is performed at the 

respiration output, the sound signal after modulation is expressed by the second 

equation of Math. 2.  Here, S[n] is a sound signal after modulation, f is an audible band 

frequency, and β is a modulation index. 
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[Math. 2] 

�[�] = cos �2��� + ��{���[�]� + ��[�]� + (2��[�] − �)

�

���

}�

�[�] = {���[�]� + ��[�]� + (2��[�] − �)} cos[2���]

[0050] 

Thus, both the heartbeat and the respiration can be listened to as the pitch of 

the sound signal, or both the heartbeat and the respiration can be listened to as the 

magnitude of the sound signal, resulting in allowing listening to the heartbeat and the 

respiration simultaneously and separately, although this case is inferior compared with 

the case of Math. 1. 

[0051] 

(Specific Example of Frequency Uprating Processing of This Disclosure) 

Figs. 7 to 9 illustrate specific examples of frequency uprating processing of this 

disclosure.  The frequency uprate unit 3 performs uprating on the amplitude temporal 

change or the phase temporal change calculated in Step S2, which has a low sampling 

frequency compared with the audible band frequency that the sound signal has, at a high 

uprating frequency compared with the audio band frequency that the sound signal has 

(Step S3). 

[0052] 

In Fig. 7, the frequency uprate unit 3 performs low-pass filter processing after 

zero-padding processing on the amplitude temporal change or the phase temporal 

change when performing uprating on the amplitude temporal change or the phase 

temporal change.  Then, even though a calculation amount during the uprating 

increases, accuracy on the uprating can be improved (there is no discontinuous noise of 

Fig. 8). 
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[0053] 

In Fig. 8, the frequency uprate unit 3 performs copy interpolation processing on 

the amplitude temporal change or the phase temporal change when performing uprating 

on the amplitude temporal change or the phase temporal change (without performing the 

zero-padding processing).  Then, even though the discontinuous noise on the uprating 

remains (there is no continuity of Figs. 7 and 9), the calculation amount during the 

uprating can be reduced. 

[0054] 

In Fig. 9, the frequency uprate unit 3 performs spline interpolation processing 

on the amplitude temporal change or the phase temporal change when performing 

uprating on the amplitude temporal change or the phase temporal change (without 

performing the zero-padding processing).  Then, the calculation amount during the 

uprating can be reduced, and the accuracy on the uprating can be improved (there is no 

discontinuous noise of Fig. 8). 

[0055] 

Accordingly, even when the amplitude temporal change or the phase temporal 

change of the frequency components caused by the micro vibrations of the heartbeat 

and/or the respiration is sampled at a "low sampling frequency," by performing uprating 

on the amplitude temporal change or the phase temporal change of the frequency 

components caused by the micro vibrations of the heartbeat and/or the respiration at a 

"high uprating frequency," the sound signal having the audible band frequency can be 

amplitude-modulated or frequency-modulated by modulated information after the 

uprating. 

[0056] 

(Specific Example of Heartbeat/Respiration Output Processing of This Disclosure) 
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Figs. 10 and 11 illustrate specific examples of the heartbeat/respiration output 

processing of this disclosure.  The sound signal modulation unit 4 performs amplitude 

modulation or frequency modulation on a sound signal having an audible band 

frequency based on the amplitude temporal change or the phase temporal change on 

which frequency uprating is performed in Step S3 (Step S4).  The heartbeat/respiration 

output unit 5 outputs the sound signal that is amplitude-modulated or is frequency-

modulated in Step S4 (Step S5).  In Figs. 10 and 11, output objects, modulated 

information, and modulation methods are different. 

[0057] 

The upper stage of Fig. 10 illustrates the amplitude temporal change or the 

phase temporal change of the heartbeat or the respiration on which frequency uprating is 

performed in Step S3, and the amplitude temporal change or the phase temporal change 

is outside the audible band frequency but serves as modulated information.  The 

middle stage of Fig. 10 illustrates the sound signal that is amplitude-modulated in Step 

S4, and this sound signal is within the audible band frequency.  The lower stage of Fig. 

10 illustrates the sound signal that is frequency-modulated in Step S4, and this sound 

signal is also within the audible band frequency. 

[0058] 

The upper stage of Fig. 11 illustrates the amplitude temporal change of the 

heartbeat on which frequency uprating is performed in Step S3, and this amplitude 

temporal change is outside the audible band frequency but serves as modulated 

information.  The middle stage of Fig. 11 illustrates the phase temporal change of the 

respiration on which frequency uprating is performed in Step S3, and this phase 

temporal change is outside the audible band frequency but serves as modulated 

information.  The lower stage of Fig. 11 illustrates the sound signal that is amplitude-
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modulated by the amplitude temporal change of the heartbeat and is frequency-

modulated by the phase temporal change of the respiration in Step S4, and this sound 

signal is within the audible band frequency. 

INDUSTRIAL APPLICABILITY 

[0059] 

The heartbeat/respiration output device and the heartbeat/respiration output 

program of this disclosure allow, based on a radar signal (including an ultrasound 

signal) reflecting off a body surface, when calculating a heart rate and/or a respiration 

rate, accurately adjusting a irradiation direction of the radar signal or the ultrasound 

signal and correctly determining the truth or falsehood of alerts of the heart rate and/or 

the respiration rate, while enabling the alleviation of burdens on doctors or nurses, 

infection risk reduction, remote medical examination and treatment, early disease 

detection, and future predictive research. 

REFERENCE SIGNS LIST 

[0060] 

P  Patient 

R  Radar transmission/reception device, ultrasound transmission/reception 

device 

M  Heartbeat/respiration output device 

S  Spectrogram 

B  Band-pass filter result 

1  Heartbeat/respiration extraction unit 

2  Temporal change calculation unit 
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3  Frequency uprate unit 

4  Sound signal modulation unit 

5  Heartbeat/respiration output unit 
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CLAIMS 

1. A heartbeat/respiration output device comprising: 

a heartbeat/respiration extraction unit that extracts a frequency component 

caused by a micro vibration of heartbeat and/or respiration from a radar signal or an 

ultrasound signal reflecting off a body surface and calculates an amplitude temporal 

change or a phase temporal change of the frequency component caused by a micro 

vibration of heartbeat and/or respiration; and

a heartbeat/respiration output unit that performs amplitude modulation or 

frequency modulation on a sound signal having an audible band frequency based on the 

amplitude temporal change or the phase temporal change of the frequency component 

caused by a micro vibration of heartbeat and/or respiration and outputs the sound signal 

after amplitude modulation or frequency modulation. 

2. The heartbeat/respiration output device according to claim 1, wherein 

the heartbeat/respiration output unit performs one modulation of amplitude 

modulation and frequency modulation on the sound signal based on the amplitude 

temporal change or the phase temporal change of the frequency component caused by a 

micro vibration of heartbeat and performs another modulation of amplitude modulation 

and frequency modulation on the sound signal based on the amplitude temporal change 

or the phase temporal change of the frequency component caused by a micro vibration 

of respiration. 

3. The heartbeat/respiration output device according to claim 1 or 2, wherein 

the heartbeat/respiration extraction unit calculates the phase temporal change 

of the frequency component caused by a micro vibration of respiration, with the phase 
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temporal change of the frequency component caused by a micro vibration of heartbeat 

removed by extracting and then performing complex multiplication of positive and 

negative frequency components caused by a micro vibration of heartbeat. 

4. The heartbeat/respiration output device according to any one of claims 1 to 3, 

wherein 

the heartbeat/respiration extraction unit performs uprating on the amplitude 

temporal change or the phase temporal change having a low sampling frequency 

compared with the audible band frequency that the sound signal has, at a high uprating 

frequency compared with the audible band frequency that the sound signal has. 

5. The heartbeat/respiration output device according to claim 4, wherein 

the heartbeat/respiration extraction unit performs any of low-pass filter 

processing after zero-padding processing on the amplitude temporal change or the phase 

temporal change, copy interpolation processing on the amplitude temporal change or the 

phase temporal change, and spline interpolation processing on the amplitude temporal 

change or the phase temporal change when performing uprating on the amplitude 

temporal change or the phase temporal change. 

6. A heartbeat/respiration output program for causing a computer to execute each 

processing step corresponding to each processing unit of the heartbeat/respiration output 

device according to any one of claims 1 to 5. 


