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(54) METHOD FOR MEASURING RESPIRATION RATE AND HEART RATE USING DUAL CAMERA 
OF SMARTPHONE

(57) The present invention relates to a method for
simultaneously measuring a respiration rate and a heart
rate using dual cameras of a smartphone. The method
includes: collecting a PPG signal and visual data on chest
and abdomen movements of a human; converting the
visual data to an RGBA signal; applying a bandpass filter
such that a frequency only within a range in the RGBA

signal pass; removing first and last predetermined por-
tions of the RGBA signal to which the band-pass filter is
applied; selecting a color channel having a highest stand-
ard deviation from the RGBA signal where the predeter-
mined portions are removed; applying a spline filter to
the selected color channel; computing power spectrum
density; and computing a heart rate and a respiration rate.
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Description

Technical Field

[0001] The present invention relates to a method for simultaneously measuring a respiration rate and a heart rate
using dual cameras of a smartphone.

Background Art

[0002] Recently, performances of portable devices, such as mobile phones, smartpads, and especially smartphones
have been rapidly enhanced such that various functions that could not be realized before can now be performed.
Particularly, recent smartphones contain various types of sensors, such as acceleration sensors, gyroscopes, touch
sensors, temperature sensors, illumination sensors, gravity sensors, geomagnetic sensors, position sensors, etc., and
high-performance cameras with innovative enhancements in hardware due to enhancements in computation speed.
The hardware performance enhancement of the smartphones does not simply mean function enhancement, but it enables
various applications to be received from an application server and to be installed in smartphones, whereby application
fields of the smartphones are dramatically expanded. As one of the expanded application fields of smartphones, there
is the medical field. A smartphone is likely to be carried by a user at all times due to the characteristics of such a portable
terminal. Thus, smartphones are suitable for the medical field where the health condition of the user needs to be checked
frequently. As enhanced functions of the smartphone, various medical applications are installed in the smartphone such
that the smartphone can monitor the health condition of the user in various ways.
[0003] The most common method of measuring respiration is to use respiratory sounds with chest movements or
auscultation. These methods are constrained by accuracy or irregularity.
[0004] In the case of electrocardiography, a sensor senses heart rate signals of a patient in an analog form and
transmits the signals to a dedicated terminal through a USB cable, etc., and then the dedicated terminal converts the
analog heart rate signal into digital heart rate signals using a micro control unit (MCU), an analog-to-digital converter
(ADC), etc. to perform analysis.
[0005] However, a currently used electrocardiography device is problematic in that the MCU, etc. must be embedded
in the dedicated terminal to convert the analog heart rate signals obtained through the heart rate sensor into the digital
heart rate signals, and thus there are substantial errors in accuracy and manufacturing costs and sale prices are extremely
high. Therefore, recently, in order to lower the manufacturing costs, an electrocardiography device with the MCU removed
from the dedicated terminal has been developed. However, in this case, the heart rate sensor must contain the MCU to
perform analog-to-digital conversion, and thus the existing problems still cannot be solved.
[0006] The background of the present invention is disclosed in Korean Patent Application Publication No.
10-2012-0066868 (25 June 2012).

Disclosure

Technical Problem

[0007] An object of the present invention is to provide a method for simultaneously measuring a respiration rate and
a heart rate using dual cameras of a smartphone.
[0008] Also, the present invention is to enhance accuracy by simultaneously using respiration and PPG data.
[0009] Also, an object of the present invention is to provide a method continuously monitoring a heart rate and a
respiration rate so as to prevent death from cardiac arrest.

Technical Solution

[0010] According to an embodiment of the present invention, there is provided a method for measuring a respiration
rate and a heart rate using dial cameras of a smartphone, the method including: simultaneously collecting, at a first step,
a PPG signal and visual data on chest and abdomen movements of a human; converting, at a second step, the visual
data to an RGBA signal; applying, at a third step, a bandpass filter such that a frequency only within a range in the RGBA
signal pass; removing, at a fourth step, first and last predetermined portions of the RGBA signal to which the band-pass
filter is applied at the third step; selecting, at a fifth step, a color channel having a highest standard deviation from the
RGBA signal where the predetermined portions are removed at the fourth step; applying, at a sixth step, a spline filter
to the color channel selected at the fifth step; computing, at a seventh step, power spectrum density; and computing, at
an eighth step, a heart rate and a respiration rate.
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Advantageous Effects

[0011] According to the present invention, a respiration rate and a heart rate can be simultaneously measured with
high accuracy using dual cameras of a smartphone.
[0012] Also, a heart rate and a respiration rate can be continuously monitored such that sudden death and death from
cardiac arrest can be prevented.

Description of Drawings

[0013]

FIGS. 1a and 1b are views illustrating a screen for collecting data to simultaneously measure a respiration rate and
a heart rate using dual cameras of a smartphone according to an embodiment of the present invention.
FIG. 2 is a flowchart illustrating a method for simultaneously measuring a respiration rate and a heart rate using
dual cameras of a smartphone according to an embodiment of the present invention.
FIG. 3a is a graph illustrating a respiration rate for a chest movement measured using a front side camera of a
smartphone.
FIG. 3b is a graph illustrating a respiration rate for an abdomen movement measured using a front side camera of
a smartphone.
FIG. 4a is a Bland-Altman graph for comparing measurement values of a heart rate using a smartphone and ECG
values.
FIG. 4b is a correlation graph for comparing measurement values of a heart rate using a smartphone and ECG values.
FIG. 5 is a view illustrating a respiration rate and a PPG signal of a human measured according to an embodiment
of the present invention.

Best Mode

[0014] Hereinafter, the present invention will be described in detail with reference to the accompanying drawings.
[0015] As shown in FIGS. 1a and 1b, for a method for measuring a respiration rate and a heart rate using dual cameras
of a smartphone according to an embodiment of the present invention, a smartphone 110, a chest impedance belt 130,
an abdomen impedance belt 140, and a monitoring device 150 are provided.
[0016] First, a human wears impedance belts on the chest and abdomen to collect data. The chest and abdomen
impedance belts 130 and 140 are intended to measure an actual respiration rate of a human, and are coupled to the
monitoring device 150.
[0017] As shown in FIG. 1a, while a human is wearing the chest and abdomen impedance belts 130 and 140, a front
side camera 160 of the smartphone 110 records chest and abdomen movements thereof and a rear side camera 120
of the smartphone 110 is in contact with the finger of the human for a preset time to measure a photoplethysmogram
(PPG). Here, the measurement is performed with a turned on flash that is built in the rear side camera 120. As shown
in FIG. 1b, the human may verify a video recording the chest and abdomen movements through the front side camera
160 of the smartphone 110, a PPG signal being measured, and the respiration rate for the chest and abdomen movements
in real time. Also, in the present invention, for accuracy of the measurement of the respiration rate, the respiration rate
of the human measured using the front side camera 160 is compared with the respiration rate measured by the impedance
belt.
[0018] Video signals of the video recorded by the front side camera 160 are stored in a range of 20 to 25 Hz, and
audio signals are stored at 44.100 Hz and 16 bits. Also, mono audio signals have noise removed by applying a band-
pass filter within a range of 500 to 5000 Hz.
[0019] FIG. 2 is a flowchart illustrating detailed steps of a method for simultaneously measuring a respiration rate and
a heart rate using dual cameras of a smartphone according to an embodiment of the present invention.
[0020] At the first step S210, visual data on chest and abdomen movements of the human is collected through the
front side camera 160 of the smartphone and PPG signals are collected through the rear side camera 120. At the first
step S210, the visual data and the PPG signal are simultaneously measured.
[0021] The visual data collected at the first step S210 is a video received from the front side camera 160 of the
smartphone 110 with Android OS, and thus it is stored in the YUV420sp signal format. In order to process the visual
data, it is necessary to convert the YUV420sp signal format into the RGBA signal format. At the second step S220, the
OpenCV library is used to convert the signal format.
[0022] At the third step S230, a band-pass filter is applied such that in the converted RGBA signal format, a frequency
within a range passes. In order to measure the respiration rate, a low-pass filter (flow) of the band-pass filter is set to
have a value of 0.08 Hz and a high-pass filter (fhigh) is set to have a value of 2.1 Hz. Also, in order to measure the heart
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rate, the low-pass filter is set to have a value of 0.667 Hz, and the high-pass filter is set to have a value of 3.833 Hz.
[0023] At the fourth step S240, the first and last portions of the RGBA signal to which the band-pass filter is applied
are removed which about the first 10 seconds and the last 10 seconds of the signal. This is to remove noise existing in
the video signal of the recorded video. Noise occurs at the beginning and the end of collecting the visual data due to
actions related to correctly holding the smartphone, a calibration process, etc.
[0024] In the present invention, in order to extract optical reflectance from the image signal of the visual data on the
chest and abdomen movements, two different region of interest (ROI) images of 49 x 90 pixels are selected from a
resolution of 320 x 240 pixels. Also, in order to obtain the PPG pulse signal obtained from the rear side camera 120 of
the smartphone 110, a resolution of 176 x 72 pixels is selected from a resolution of 176 x 144 pixels for all frames.
[0025] In the re-sized image, the brightness value (I) of each pixel may be obtained by an average value of a RGB
channel in the ROI of one image, and Formula is as follows. 

[0026] Here, D means the size of ROI.
[0027] In order to measure the respiration rate, a color channel with the highest standard deviation is selected from
three color bands (red, green, and blue) while a green channel is selected to measure the heart rate.
[0028] Therefore, at the fifth step S250, the color channel with the highest standard deviation is selected in the RGBA
signal with predetermined portions removed at the fourth step.
[0029] Next, at the sixth step, a spline filter is applied to the color channel selected at the fifth step. The spline filter is
a filter used for smoothing the amplitude of a signal. In the present invention, an average intensity is used to extract an
envelope of a filtered discrete signal, and then interpolation and smoothing are performed on the envelope signal.
[0030] In the present invention, the sixth step to which the spline filter for smoothing of the signal is applied includes:
to obtain a smoothed amplitude envelope signal a(t) in the color channel selected at the fifth step, determining the
maximum frequency of the a(t) at the sixth-1 step; obtaining an amplitude time series using cubic spline interpolation at
the sixth-2 step; after interpolation, computing a class of an analytic signal of the a(t) at the sixth-3 step; and after
determining the maximum value of the a(t), obtaining an average value using sliding window at the sixth-4 step. Cubic
spline interpolation at the sixth-2 step is a method used to connect two points that are separated from each other.
[0031] At the seventh step, power spectrum density is computed using one of a Welch periodogram, autoregressive
power spectrum analysis, and a regression correlation coefficient. The power spectrum is computed using a 512-point
fast Fourier transform (FFT) of autocorrelation using a window.
[0032] In the present invention, the correlation coefficient for analyzing similarity degree in a time domain between
inspiration and expiration is shown in Formula 2. 

[0033] Here, cov indicates covariance, and σx and σy mean standard deviations.
[0034] FIGS. 3a and 3b are graphs illustrating respiration rates for the chest and abdomen movements measured
using the front side camera 160 of the smartphone 110. Here, correlation coefficient values are 0.3373 and 0.998,
respectively. As shown in FIGS. 3a and 3b, since the chest movement is larger than the abdomen movement, a signal
quality index is considered to enhance accuracy in measuring the respiration rate. A movement class is assigned to
each signal using the correlation coefficient, and the class having a high correlation value is selected. When the correlation
coefficient of the chest movement is higher than the correlation coefficient of the abdomen movement, the chest movement
is selected.
[0035] FIG. 4a is a Bland-Altman graph illustrating the heart rate measured through the smartphone. The Bland-Altman
graph is a statistical method for comparing two measurement methods, and shows whether there is a difference between
the average of two methods and the obtained value or whether there is a difference between an estimated value and
an actual measured value. The graph in FIG. 4a shows the differences in measured values between the continuous
heart rate measured by the smartphone and corresponding ECG signals. Since there are five points of a scatter plot
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where z-scores based on standardized rates are outside the confidence interval of 95%, there is little difference between
the two methods.
[0036] FIG. 4b is a correlation graph of two measurement methods. The x-axis represents continuous heart rate
measurement values using the smartphone, and the y-axis represents ECG measurement values. In FIG. 4b, the solid
line indicates a regression line and the dotted line indicates Pearson correlation coefficients. Since points of a scatter
plot are evenly scattered around the solid line rather spread, a correlation is high.
[0037] Last, at the eighth step, the heart rate and the respiration rate are computed using the result of the seventh step.
[0038] FIG. 5 is a view illustrating a graph of the respiration rate measured for the chest and abdomen movements
and the PPG signal of the finger according to an embodiment of the present invention. In the present invention, simul-
taneously, the respiration rate is measured using the chest and abdomen movements and the PPG signal is measured
through the finger, and thus the human can easily observe the respiration rate and the PPG signal in real time.
[0039] Accordingly, the present invention is a very useful invention that can be widely applied to a health management
system capable of managing heath.
[0040] Those who are ordinarily skilled in the art will appreciate that various alternatives, modifications, and equivalents
are possible, without changing the spirit or essential features of the present invention. Therefore, preferred embodiments
of the present invention have been described for illustrative purposes, and should not be construed as being restrictive.
The scope of the present invention is defined by the accompanying claims rather than the description which is presented
above. Moreover, the present invention is intended to cover not only the exemplary embodiments, but also various
alternatives, modifications, equivalents and other embodiments that may be included within the spirit and scope of the
present invention as defined by the appended claims.

Claims

1. A method for simultaneously measuring a respiration rate and a heart rate using dual cameras of a smartphone,
the method comprising:

collecting, at a first step, a PPG signal and visual data on chest and abdomen movements of a human;
converting, at a second step, the visual data to an RGBA signal;
applying, at a third step, a bandpass filter such that a frequency only within a range in the RGBA signal pass;
removing, at a fourth step, first and last predetermined portions of the RGBA signal to which the band-pass
filter is applied at the third step;
selecting, at a fifth step, a color channel having a highest standard deviation from the RGBA signal where the
predetermined portions are removed at the fourth step;
applying, at a sixth step, a spline filter to the color channel selected at the fifth step;
computing, at a seventh step, power spectrum density; and
computing, at an eighth step, a heart rate and a respiration rate.

2. The method of claim 1, wherein the PPG signal is measured while a finger of the human is in contact with a camera
provided on a rear side of the smartphone.

3. The method of claim 1, wherein the visual data on the chest and abdomen movements of the human is collected
using a camera provided on a front side of the smartphone.

4. The method of claim 3, wherein the human wears impedance belts on a chest and an abdomen such that an actual
respiration rate is measured.

5. The method of claim 4, wherein at the fourth step, the predetermined portions are first 10 seconds and last 10
seconds of the RGBA signal.

6. The method of claim 5, wherein the sixth step comprises:

determining, at a sixth-1 step, in order to obtain a smoothed amplitude envelope signal a(t) in the color channel
selected at the fifth step, a maximum frequency of the a(t);
obtaining, at a sixth-2 step, an amplitude time series using cubic spline interpolation;
computing, at a sixth-3 step, a class of an analytic signal of the a(t) after interpolation; and
obtaining, at a sixth-4 step, after determining a maximum value of the a(t), an average value using sliding window.
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7. The method of claim 6, wherein at the seventh step, the power spectrum density is computed using one of a Welch
periodogram, autoregressive power spectrum analysis, and a regression correlation coefficient.
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