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METHOD AND APPARATUS FOR Example embodiments of the present invention provide a 
DETERMINING RESPIRATION STATE method of determining a respiration state on the basis of a 

BASED ON PLURALITY OF BIOLOGICAL plurality of biological indicators calculated using bio - sig 
INDICATORS CALCULATED USING nals . 

BIO - SIGNALS Example embodiments of the present invention also pro 
vide an apparatus for determining a respiration state on the 

CROSS REFERENCE TO RELATED basis of a plurality of biological indicators calculated using APPLICATIONS bio - signals . 
Example embodiments of the present invention also pro This application claims priority to Korean Patent Appli cation No. 10-2018-0010982 , filed Jan. 29 , 2018 , and No. 10 vide a method of calculating the number of breaths per minute using bio - signals . 10-2018-0149342 , filed Nov. 28 , 2018 , in the Korean Intel 

lectual Property Office ( KIPO ) , the entire contents of which In some example embodiments , there is provided a 
are hereby incorporated by reference . method of determining a respiration state on the basis of a 

plurality of biological indicators calculated using bio - sig 
BACKGROUND 15 nals . 

The method of determining a respiration state on the basis 
1. Field of the Invention of a plurality of biological indicators calculated using bio 

signals may include collecting a photoplethysmography 
Example embodiments of the present invention relate in ( PPG ) signal measured by a PPG sensor and a cutaneous 

general to a method and apparatus for determining a respi- 20 electric signal measured by an electrodermal activity ( EDA ) 
ration state based on a plurality of biological indicators sensor , analyzing the collected PPG signal and cutaneous 
calculated using bio - signals , and more particularly , to a electric signal and calculating a plurality of biological 
technique for calculating a respiration rate and an oxygen indicators including a respiration rate , and comprehensively 
saturation from a photoplethysmography ( PPG ) signal , cal evaluating the plurality of biological indicators to determine culating a cutaneous electric conductivity from an electro 25 a user's respiration state . dermal activity ( EDA ) signal , and then synthesizing the The calculating of the plurality of biological indicators calculated plurality of biological indicators to determine a may include performing bandpass filtering on the PPG respiration state . signal to extract a respiration signal and performing fre 

2. Description of Related Art quency analysis on the extracted respiration signal on a 
30 segment basis to calculate a respiration rate . 

One important factor in determining the health status of The performing of the frequency analysis to calculate the 
panic disorder patients , anxiety disorder patients , congenital respiration rate may include determining an optimal size of 
heart disease neonates , intensive care unit patients , and sample data shared by continuous segments . 
elderly people is a respiration state . When the number of samples is N and the size of each 
By observing a respiration state , it is possible to quickly 35 segment is a : N , the optimal size ( B.N ) of sample data may 

detect a change in a subject's heath state . In this case , an be determined to satisfy a relationship corresponding to the 
urgent respiration state may be determined when the subject following equation : 
has airway obstruction ( suffocation ) , a disease ( or pneumo a.N + x : y = N nia ) , a respiratory disorder ( emphysema or asthma ) , an 
electric shock , a shock , a water accident , a heart attack , a 40 where , y = ( a : N ) - ( ß - a : N ) heart disease , a damage to chest or lung , allergies ( food or 
insect bites ) , a drug , addictions ( toxic inhalation or inges x = 1 / a : ( ( 1 - a ) ) / ( ( 1 - B ) ) tion ) , or the like . 

Therefore , it is necessary to accurately and promptly The plurality of biological indicators may further include 
detect and cope with dyspnea , which is the most common 45 a blood oxygen saturation and a cutaneous electric conduc 
phenomenon in respiratory emergencies , in daily life or in tivity . 
medical institutions . The PPG signal may be a signal that is acquired from 

Recently , along with the wide use of wearable devices reflected light with wavelengths of 660 nm and 940 nm . 
such as smart bands and pads , and mobile terminals using The calculating of the plurality of biological indicators 
wireless communication , studies for sensing a respiration 50 may include normalizing a 660 - nm wavelength signal and a 
state using such devices are increasing . 940 - nm wavelength signal of the PPG signal at a ratio of an 
However , most existing methods have low accuracy and alternating current signal to a direct current signal and 

applicability because an apparatus that is difficult to easily calculating the blood oxygen saturation using a ratio 
monitor in daily life should be used or because a respiration between the normalized 660 - nm wavelength signal and the 
state is determined just using a respiration rate as an indi- 55 normalized 940 - nm wavelength signal . 
cator . The calculating of the blood oxygen saturation may 

Accordingly , there is a need for a method capable of include calculating the blood oxygen saturation to have a 
precisely and promptly determining a respiration state by linear proportional relationship at the ratio between the 
synthesizing various bio - signals that may appear in a sub- normalized 660 - nm wavelength signal and the normalized 
ject . 60 940 - nm wavelength signal . 

The determining of the user's respiration state may 
SUMMARY include determining the respiration state as “ normal respi 

ration state ” when the respiration rate falls within a normal 
Accordingly , example embodiments of the present inven- threshold range , the blood oxygen saturation is greater than 

tion are provided to substantially obviate one or more 65 a minimal critical oxygen saturation , and the cutaneous 
problems due to limitations and disadvantages of the related electric conductivity is less than a neutral critical cutaneous 
art . conductivity . 
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The determining of the user's respiration state may The calculating of the plurality of biological indicators 
include determining the respiration state as “ abnormal may include normalizing a 660 - nm wavelength signal and a 
physical or psychological state ” when the respiration rate 940 - nm wavelength signal of the PPG signal at a ratio of an 
falls within a normal threshold range and the blood oxygen alternating current signal to a direct current signal and 
saturation is less than a minimal critical oxygen saturation or calculating the blood oxygen saturation using a ratio 
the cutaneous electric conductivity is greater than a neutral between the normalized 660 - nm wavelength signal and the critical cutaneous conductivity . normalized 940 - nm wavelength signal . The determining of the user's respiration state may The calculating of the blood oxygen saturation may include determining the respiration state as “ dyspnea accom 
panied by oxygen deficiency symptoms due to hyperpnea ” 10 linear proportional relationship at the ratio between the include calculating the blood oxygen saturation to have a 
when the respiration rate is greater than a maximum value of 
a normal threshold range and the blood oxygen saturation is normalized 660 - nm wavelength signal and the normalized 

940 - nm wavelength signal . less than a minimal critical oxygen saturation . 
The determining of the user's respiration state may The determining of the user's respiration state may 

include determining the respiration state as “ dyspnea accom- 15 include determining the respiration state as “ normal respi 
panied by a sticky skin symptom due to hyperpnea " when ration state ” when the respiration rate falls within a normal 
the respiration rate is greater than a maximum value of a threshold range , the blood oxygen saturation is greater than 
normal threshold range and the cutaneous electric conduc a minimal critical oxygen saturation , and the cutaneous 
tivity is greater than a neutral critical cutaneous conductiv- electric conductivity is less than a neutral critical cutaneous 
ity . 20 conductivity . 

The determining of the user's respiration state may The determining of the user's respiration state may 
include determining the respiration state as " urgent respira- include determining the respiration state as " abnormal 
tion state ” when the respiration rate lies outside a normal physical or psycholog state ” when the respiration rate 
threshold range , the blood oxygen saturation is less than a falls within a normal threshold range and the blood oxygen 
minimal critical oxygen saturation , and the cutaneous elec- 25 saturation is less than a minimal critical oxygen saturation or 
tric conductivity is greater than a neutral critical cutaneous the cutaneous electric conductivity is greater than a neutral 
conductivity . critical cutaneous conductivity . 

In other example embodiments , there is provided an The determining of the user's respiration state may 
apparatus for determining a respiration state on the basis of include determining the respiration state as “ dyspnea accom 
a plurality of biological indicators calculated using bio- 30 panied by oxygen deficiency symptoms due to hyperpnea ” 
signals . when the respiration rate is greater than a maximum value of 
The apparatus for determining a respiration state on the a normal threshold range and the blood oxygen saturation is 

basis of a plurality of biological indicators calculated using less than a minimal critical oxygen saturation . 
bio - signals may include at least one processor and a memory The determining of the user's respiration state may 
configured to store instructions for instructing the at least 35 include determining the respiration state as “ dyspnea accom 
one processor to perform at least one step . panied by a sticky skin symptom due to hyperpnea ” when 

The at least one step may include collecting a photopl- the respiration rate is greater than a maximum value of a 
ethysmography ( PPG ) signal measured by a PPG sensor and normal threshold range and the cutaneous electric conduc 
a cutaneous electric signal measured by an electrodermal tivity is greater than a neutral critical cutaneous conductiv 
activity ( EDA ) sensor , analyzing the collected PPG signal 40 ity . 
and cutaneous electric signal and calculating a plurality of The determining of the user's respiration state may 
biological indicators including a respiration rate , and com- include determining the respiration state as “ urgent respira prehensively evaluating the plurality of biological indicators tion state ” when the respiration rate lies outside a normal 
to determine a user's respiration state . threshold range , the blood oxygen saturation is less than a 

The calculating of the plurality of biological indicators 45 minimal critical oxygen saturation , and the cutaneous elec 
may include performing bandpass filtering on the PPG tric conductivity is greater than a neutral critical cutaneous 
signal to extract a respiration signal and performing fre- conductivity . 
quency analysis on the extracted respiration signal on a In still other example embodiments , there is provided a 
segment basis to calculate a respiration rate . method of calculating the number of breaths per minute 
The performing of the frequency analysis to calculate the 50 using bio - signals . 

respiration rate may include determining an optimal size of The method of calculating the number of breaths per 
sample data shared by continuous segments . minute using bio - signals may include collecting a PPG 
When the number of samples is N and the size of each signal measured by a PPG sensor , performing bandpass 

segment is a : N , the optimal size ( B.N ) of sample data may filtering on the PPG signal to extract a respiration signal , and 
be determined to satisfy a relationship corresponding to the 55 performing frequency analysis on the extracted respiration 
following equation : signal on a segment basis to calculate a respiration rate . 

A : N + x • y = N BRIEF DESCRIPTION OF DRAWINGS 

where , y = ( a.N ) - ( ß - a : N ) 60 

x = 1 / a : ( ( 1 - a ) ) / ( ( 1-3 ) ) . 
The plurality of biological indicators may further include 

a blood oxygen saturation and a cutaneous electric conduc 
tivity . 

The PPG signal may be a signal that is acquired from 
reflected light with wavelengths of 660 nm and 940 nm . 

Example embodiments of the present invention will 
become more apparent by describing in detail example 
embodiments of the present invention with reference to the 
accompanying drawings , in which : 
FIG . 1 is an example diagram illustrating a method of 

65 determining a respiration state on the basis of a plurality of 
biological indicators calculated using bio - signals according 
to an embodiment of the present invention ; 
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FIG . 2 is a block diagram showing a functional module of fashion ( i.e. , “ between ” versus " directly between , ” “ adja 
an apparatus for determining a respiration state on the basis cent ” versus “ directly adjacent , ” etc. ) . 
of a plurality of biological indicators calculated using bio- The terminology used herein is for the purpose of describ 
signals according to an embodiment of the present inven- ing particular embodiments only and is not intended to be 
tion ; 5 limiting of the invention . As used herein , the singular forms 
FIG . 3 is a graph in which a breathing rate signal and a “ a , ” “ an ” and “ the ” are intended to include the plural forms 

respiratory motion signal are extracted through a photopl as well , unless the context clearly indicates otherwise . It will 
ethysmography ( PPG ) signal ; be further understood that the terms “ comprises ” , “ compris 
FIG . 4 is an example diagram illustrating a method of ing , ” , “ includes ” and / or “ including ” , when used herein , 

performing frequency analysis on a respiration signal on a 10 specify the presence of stated features , integers , steps , 
segment basis ; operations , elements , and / or components , but do not pre 
FIG . 5 is a flowchart showing a method of determining a clude the presence or addition of one or more other features , 

integers , steps , operations , elements , components , and / or respiration state on the basis of a plurality of biological 
indicators calculated using bio - signals according to an Unless otherwise defined , all terms ( including technical embodiment of the present invention ; and scientific terms ) used herein have the same meaning as 
FIG . 6 is a flowchart illustrating a process of calculating commonly understood by one of ordinary skill in the art to 

a respiration rate according to an embodiment of the present which this invention belongs . It will be further understood 
invention ; that terms , such as those defined in commonly used diction 
FIG . 7 is a flowchart illustrating a process of determining 20 aries , should be interpreted as having a meaning that is 

a respiration state on the basis of a plurality of biological consistent with their meaning in the context of the relevant 
indicators according to an embodiment of the present inven- art and will not be interpreted in an idealized or overly 
tion ; and formal sense unless expressly so defined herein . 

FIG . 8 is a hardware configuration diagram of an appa It should also be noted that in some alternative imple 
ratus for determining a respiration state on the basis of a 25 mentations , the functions / acts noted in the blocks may occur 
plurality of biological indicators calculated using bio - sig- out of the order noted in the flowcharts . For example , two 
nals . blocks shown in succession may in fact be executed sub 

stantially concurrently or the blocks may sometimes be 
DETAILED DESCRIPTION OF EXAMPLE executed in the reverse order , depending upon the function 

EMBODIMENTS 30 ality / acts involved . 
FIG . 1 is an example diagram illustrating a method of 

Example embodiments of the present invention are dis- determining a respiration state on the basis of a plurality of 
closed herein . However , specific structural and functional biological indicators calculated using bio - signals according 
details disclosed herein are merely representative for pur- to an embodiment of the present invention . 
poses of describing example embodiments of the present 35 Referring to FIG . 1 , the method of determining a respi 
invention , and example embodiments of the present inven- ration state according to an embodiment of the present 
tion may be embodied in many alternate forms and should invention may be performed by a wearable device 100 that 
not be construed as limited to example embodiments of the can be easily worn by a user ( hereinafter referred to as an 
present invention set forth herein . apparatus for determining a respiration state on the basis of 

Accordingly , while the invention is susceptible to various 40 a plurality of biological indicators calculated using bio 
modifications and alternative forms , specific embodiments signals ) . Here , the wearable device 100 may be embodied in 
thereof are shown by way of example in the drawings and the form of a band - type device that partially surrounds a 
will herein be described in detail . It should be understood , user's head , wrist , face , or upper arm , a tongs - type device 
however , that there is no intent to limit the invention to the that grips the end or edge thereof , and an armband - type 
particular forms disclosed , but on the contrary , the invention 45 device that surrounds the entirety thereof . Also , the wearable 
is to cover all modifications , equivalents , and alternatives device 100 may be adhered or coupled to various conven 
falling within the spirit and scope of the invention . Like tional mechanisms that can be worn by a user , such as a wrist 
numbers refer to like elements throughout the description of watch or a wrist support . 
the figures . Meanwhile , the wearable device 100 may include a pho 

It will be understood that , although the terms first , second , 50 toplethysmography ( PPG ) sensor 102 and an electrodermal 
etc. may be used herein to describe various elements , these activity ( EDA ) sensor 109. Here , the PPG sensor 102 may 
elements should not be limited by these terms . These terms be a sensor that may be built in one side of the wearable 
are only used to distinguish one element from another . For device 100 that is to be brought into contact with a user's 
example , a first element could be termed a second element , body and that may be configured to emit light using a light 
and , similarly , a second element could be termed a first 55 emitting device ( LED ) and measure the user's pulse waves 
element , without departing from the scope of the present through reflected waves received from the body . In detail , 
invention . As used herein , the term “ and / or ” includes any the PPG sensor 102 may include a photoelectric device that 
and all combinations of one or more of the associated listed emits light corresponding to a wavelength of 660 nm or 940 
items . 

It will be understood that when an element is referred to 60 The EDA sensor 109 may be a sensor that senses changes 
as being “ connected ” or “ coupled ” to another element , it can in cutaneous electrical characteristics . Also , the EDA sensor 
be directly connected or coupled to the other element or 109 may be referred to as a sensor for sensing a human 
intervening elements may be present . In contrast , when an galvanic skin response ( GSR ) . 
element is referred to as being “ directly connected ” or The wearable device 100 according to an embodiment of 
“ directly coupled ” to another element , there are no inter- 65 the present invention may analyze a photoplethysmography 
vening elements present . Other words used to describe the ( PPG ) signal using the PPG sensor 102 to calculate a 
relationship between elements should be interpreted in a like respiration rate ( or a breathing rate ) 106a and an oxygen 

nm . 
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saturation ( or a respiration volume ) 108a and may analyze filtered through the HW filter 110 may be converted into a 
an electrical signal of the skin measured by the EDA sensor digital signal through an analog - to - digital converter 111 . 
109 to calculate a cutaneous electric conductivity 112a . Only a frequency needed to measure the cutaneous elec Next , the wearable device 100 may comprehensively tric conductivity may be extracted from the cutaneous evaluate the respiration rate 106a , the oxygen saturation 5 electric signal converted into the digital signal , through a 
108a , and the cutaneous electric conductivity 112a to deter bandpass filter 113 for cutaneous electric conductivity mea 
mine a user's respiration state . In this case , the wearable surement . Subsequently , a cutaneous electric conductivity device 100 may prioritize the respiration rate 106a and then calculation module 114 may analyze a cutaneous electric evaluate a primary respiration state using the respiration rate 106a . By considering not only a result of the evaluation but 10 frequency extracted through the bandpass filter 113 to cal culate a cutaneous electric conductivity . 
also the oxygen saturation 108a and / or the cutaneous elec 
tric conductivity 112a , the wearable device 100 may evalu A respiration state determination engine 115 may deter 

mine ate a final respiration state . Alternatively , the wearable respiration state of a ect in comprehensive 
device 100 may evaluate the user's respiration state by consideration of biological indicators ( the respiration rate , 
weighting or comprehensively considering the respiration oxygen saturation , and cutaneous electric conductivity ) cal 

culated through the respiration rate calculation module 106 , rate 106a , the oxygen saturation 108a , and the cutaneous 
electric conductivity 112a . the oxygen volume calculation module 108 , and the cuta 

neous electric conductivity calculation module 114 . The term “ respiration rate ” used herein may refer to the 
number of breaths calculated per minute or per unit time and The final respiration state and / or respiration rate deter 
may be used interchangeably with the term “ breathing rate . ” mined by the respiration state determination engine 115 may 

The following description assumes that the wearable be displayed to a user through a result output user interface 
device 100 calculates a biological indicator and determines ( UI ) 116 or a display unit or may be transmitted to an 
a respiration state , but the present invention is not limited external server or a user terminal through an external result 
thereto . For example , an external server or user terminal 25 transmission communication interface 117 or a communi 
may receive bio - signals measured by the wearable device cation module . 
100 , calculate a biological indicator , and determine a respi FIG . 3 is a graph in which a breathing rate signal and a ration state . respiratory motion signal are extracted through a PPG FIG . 2 is a block diagram showing a functional module of signal . FIG . 4 is an example diagram illustrating a method an apparatus for determining a respiration state on the basis 30 of performing frequency analysis on a respiration signal on 
of a plurality of biological indicators calculated using bio a segment basis . signals according to an embodiment of the present inven 
tion . Referring to FIG . 3 , there is shown a graph obtained by 

Referring to FIG . 2 , functional sub - modules of an appa comparing a respiratory motion signal of an actual chest 
ratus 100 for determining a respiration state on the basis of 35 measured using a commercial breath measuring system 
a plurality of biological indicators calculated using bio ( BIOPAC Systems Inc. , MP150 , RESP100C ) to a PPG 
signals , or the wearable device of FIG . 1 may be shown . signal 31 acquired through the PPG sensor and a respiration 

First , a PPG signal measured by the PPG sensor 102 may rate signal 32 calculated from the PPG signal 31 . 
be filtered through a hardware ( HW ) filter 103 to remove First , a respiration signal may be extracted from the PPG 
signals unrelated to respiration or heartbeat ( i.e. , power 40 signal 31 through the bandpass filter 105. In detail , the 
signals , signal noise , or the like ) . In this case , the HW filter bandpass filter 105 of FIG . 2 , which is for respiration signal 
103 is a filter for removing unnecessary signals and may be extraction , may extract a respiration signal using Equation 1 
referred to as a bandstop filter . The signal filtered through the below : 
HW filter 103 may be converted into a digital signal through 
an analog - to - digital converter 104 . 

Only a frequency corresponding to a respiration signal [ Equation 1 ] 
may be extracted from the PPG signal converted into the Y ( t ) = X ( ) b ( k ) z * + Y ( 1 ) alk ) -z * 
digital signal , through a bandpass filter 105 for respiration 
signal extraction . A respiration rate calculation module 106 
may analyze the respiration signal frequency extracted by 50 where X ( t ) may indicate a PPG signal converted into a the bandpass filter 105 for respiration signal extraction to digital signal , Y ( t ) may indicate an extracted respiration calculate a respiration rate . signal , and a ( k ) and b ( k ) may indicate bandpass filter Alternatively , only a frequency corresponding to a heart coefficients . beat signal may be extracted from the PPG signal converted 
into the digital signal through a bandpass filter 107 for 55 Meanwhile , frequency analysis may be performed on the 
heartbeat signal extraction . An oxygen volume calculation respiration signal calculated using Equation 1 on a segment 
module 108 may analyze the heartbeat signal frequency basis . Referring to FIG . 4 , N respiration signal samples are 
extracted by the bandpass filter 107 for heartbeat signal each divided into n segment units , and frequency analysis 
extraction to calculate a blood oxygen saturation . may be performed on each of the segment units . 

Here , the bandpass filter 107 for heartbeat signal extrac- 60 The number of samples of each segment may be a.N 
tion and the bandpass filter 105 for respiration signal extrac- ( here , N is the total number of samples , and a is a propor 
tion are shown in the drawing , respectively , but may be tional constant ) , and continuous segments may share B.N 
implemented as a single functional module . overlapping samples . That is , B.N posterior samples of 

Meanwhile , a cutaneous electric signal measured by the segment # 1 may be used as initial samples of segment # 2 . By 
EDA sensor 109 may be filtered through a HW filter 110 to 65 optimally determining the number of shared samples in this 
remove signals unrelated to the cutaneous electric signal case , it is possible to more accurately perform frequency 
( i.e. , power signals , signal noise , or the like ) . The signal analysis . 

45 
N 

= k = 0 k = 1 
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For example , the number B.N of samples shared by The performing of the frequency analysis to calculate the 
continuous segments may be determined to have an optimal respiration rate ( S112 ) may include determining an optimal 
size through Equation 2 below : size of sample data shared by continuous segments ( S112a ) . 

Also , the performing of the frequency analysis to calcu 
A.N + x y = N 5 late the respiration rate ( S112 ) may include determining the 

number of segments for frequency analysis according to the 
where , y = ( a.N ) - ( Ba : N ) optimal sample data size ( S112b ) . 

Here , the optimal sample data size B.N may be determined 
to satisfy the relationship of Equation 2 when the number of 

x = 1 / a : ( ( 1 - a ) ) / ( ( 1-1 ) ) . [ Equation 2 ] 10 samples is N and the size of each segment is a : N . 
By substituting values of x and y and the total number N The plurality of biological indicators may further include 

of samples into Equation 2 , it is possible to determine a a blood oxygen saturation and a cutaneous electric conduc 
relationship between a proportional constant a for a segment tivity . 
and a proportional constant ß for the number of shared The blood oxygen saturation may be calculated using a 
analysis samples . Also , on the basis of the relationship 15 signal obtained by a photoelectric device ( or a light emitting 
according to Equation 2 , the number n of segments may be diode ) of the PPG sensor emitting light with wavelengths of 
determined using Equation 3 below : 660 nm and 940 nm to a user's body part such as a wrist and 

reflecting the emitted light . That is , the PPG signal may be 
[ Equation 3 ] a signal that is acquired from the reflected light with 

Here , a variable x in Equation 3 may refer to Equation 2. 20 wavelengths of 660 nm and 940 nm . 
That is , through the relationships of Equations 2 and 3 , an The blood oxygen saturation may be derived by calcu 
optimal size of sample data shared by the continuous seg lating , from a signal with a wavelength of 660 nm , a 
ments may be determined , and also the number of segments normalized signal RED norm using a ratio of a direct current 
for frequency analysis may be determined . component REDDc and an alternating current component 

Accordingly , a respiration rate may be calculated by 25 REDAC , calculating , from a signal with a wavelength of 940 
analyzing respiration signals collected in real time on a nm , a normalized signal IRnorm using a ratio of a direct 
segment basis according to FIG . 3 and Equation 2 by a current component IRdc and an alternating current compo 

nent IR first - in , first - out ( FIFO ) method . At this time , the respiration and then calculating a ratio PPG , between the 
rate may be calculated by performing frequency conversion normalized signal RED norm with a wavelength of 660 nm 

with a wavelength of 940 on each segment unit using the following Equation 4 and 30 and the normalized signal IR , 
analyzing a respiration signal in the frequency domain . In detail , the ratio PPGratio between the normalized signal 

RED , with a wavelength of 660 nm and the normalized 
signal IR norm with a wavelength of 940 nm may be calcu [ Equation 4 ] 1-1 35 lated using Equation 5 below : Y ( S ) = Y ( 21 ) e Y ( 2t + 1 ) e 

n = 1 + x . 

AC , ratio 

norm 
nm . 

norm 

T 

27 ( 21 ) f Š 29 ( 2t + 1 ) f 
? + 

t = 0 t = 0 

REDnorm 
IRnorm IRAC 

IRDC 

45 

REDAC [ Equation 5 ] 
Referring to FIG . 4 , there may be shown an equation for REDDC PPGratio deriving a signal Y ( f ) obtained by transforming a respiration 40 

signal Y ( t ) into the frequency domain . 
Referring to FIG . 3 , there may be shown a signal indi 

cating the calculated respiration rate over time . In this case , Also , the blood oxygen saturation may be determined the number of breaths per minute may be determined as the using the ratio of Equation 5 to have a correlation ( or a linear breathing rate . proportional relationship ) of Equation 6 below : 
FIG . 5 is a flowchart showing a method of determining a 

respiration state on the basis of a plurality of biological SpO2 = a + bxPPGratio [ Equation 6 ] 

indicators calculated using bio - signals according to an Here , a and b are constants and may be empirically 
embodiment of the present invention . FIG . 6 is a flowchart determined depending on a light emitting device and a 
illustrating a process of calculating a breathing rate accord- 50 region in which a user's blood oxygen saturation is mea 
ing to an embodiment of the present invention . sured . 

Referring to FIG . 5 , the method of determining a respi- In summary , the calculating of the plurality of biological 
ration state on the basis of a plurality of biological indicators indicators ( S110 ) may include normalizing the 660 - nm 
calculated using bio - signals may include collecting a PPG wavelength signal and the 940 - nm wavelength signal of the 
signal measured by a PPG sensor and a cutaneous electric 55 PPG signal at the ratio of the alternating current component 
signal measured by an EDA sensor ( S100 ) , analyzing the to the direct current component and calculating the blood 
collected PPG signal and cutaneous electric signal and oxygen saturation using the ratio between the normalized 
calculating a plurality of biological indicators including a 660 - nm wavelength signal and the normalized 940 - nm 
respiration rate ( S110 ) , and comprehensively evaluating the wavelength signal . 
plurality of biological indicators to determine a user's res- 60 The calculating of the blood oxygen saturation may 
piration state ( S120 ) . include calculating the blood oxygen saturation to have a 

In this case , referring to FIG . 6 , the calculating of the linear proportional relationship at the ratio between the 
plurality of biological indicators ( S110 ) may include per- normalized 660 - nm wavelength signal and the normalized 
forming bandpass filtering on the PPG signal to extract a 940 - nm wavelength signal . 
respiration signal ( S111 ) and performing frequency analysis 65 According to another aspect of the present invention , 
on the extracted respiration signal on a segment basis to there may be provided a method of calculating the number 
calculate a respiration rate ( S112 ) . of breaths per minute using bio - signals . 
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The method of calculating the number of breaths per electric conductivity is greater than the neutral critical 
minute using bio - signals may include collecting a PPG cutaneous conductivity , the respiration state may be deter 
signal measured by a PPG sensor , performing bandpass mined as “ abnormal physical or psychological state . ” 
filtering on the PPG signal to extract a respiration signal , and Meanwhile , when the determination result in S121 is that 
performing frequency analysis on the extracted respiration 5 the respiration rate lies outside the normal threshold range , 
signal on a segment basis to calculate a respiration rate . primary respiration state of the user may be determined as 

In addition , a process that logically or conceptually coin hyperpnea or hypopnea ( S123 ) . In detail , the primary res cides with those described in the specification may be piration state may be determined as hyperpnea when the included , and thus a detailed description thereof will be respiration rate is greater than the maximum value of the omitted in order to avoid redundant descriptions . 
FIG . 7 is a flowchart illustrating a process of determining normal threshold range and may be determined as hypopnea 

when the respiration rate is less than the minimum value of a respiration state on the basis of a plurality of biological the normal threshold range . indicators according to an embodiment of the present inven 
tion . After S123 , whether the blood oxygen saturation and the 
The determining of the user's respiration state according 15 cutaneous electric conductivity are normal may be deter 

to FIG . 5 ( S120 ) will be described in detail with reference mined ( S124 ) . When both of the blood oxygen saturation 
to FIG . 7. In this case , a criterion for determining whether and the cutaneous electric conductivity are normal , the 
a blood oxygen saturation , a respiration rate , and a cutane- user's respiration state may be determined as “ dyspnea due 
ous electric conductivity are normal may be set as a deter- to hyperpnea or hypopnea ” ( S124a ) . That is , the user's 
mination criterion for determining the respiration state . 20 respiration state may be determined as “ dyspnea due to 

For example , whether the respiration rate is within a hyperpnea ” in S124a when the first determination result in 
normal threshold range may be determined . When the res- S123 is hyperpnea , and the user's respiration state may be 
piration rate is greater than the maximum value of the determined as “ dyspnea due to pnea ” in S124a when 
normal threshold range , hyperpnea ( or shallow breathing ) the first determination result in S123 is hypopnea . 
may be determined . On the other hand , when the respiration 25 When any one of the blood oxygen saturation and the 
rate is less than the minimum value of the normal threshold cutaneous electric conductivity is abnormal in S124 , the 
range , hypopnea ( or deep breathing ) may be determined . user's respiration state may be determined as “ dyspnea Whether the blood oxygen saturation is greater than a accompanied by symptoms " ( S124 ) . 
predetermined minimal critical oxygen saturation may be For example , when the first determination result in S123 
determined . When the blood oxygen saturation is greater 30 is hyperpnea and the blood oxygen saturation is abnormal , than the minimal critical oxygen saturation , it may be the user's respiration state may be determined as “ dyspnea determined that the blood oxygen saturation is normal . On accompanied by oxygen deficiency symptoms due to hyper the other hand , when the blood oxygen saturation is less than pnea . ” In detail , when the respiration rate is greater than the the minimal critical oxygen saturation , it may be determined 
that the blood oxygen saturation is abnormal . maximum value of the normal threshold range and the blood 

Also , whether the cutaneous electric conductivity is oxygen saturation is less than the minimal critical oxygen 
greater than a predetermined neutral critical cutaneous con saturation , the respiration state may be determined as “ dysp 
ductivity may be determined . In this case , the cutaneous nea accompanied by oxygen deficiency symptoms due to 
electric conductivity may be determined to be normal when hyperpnea . ” 
the cutaneous electric conductivity is greater than the neutral 40 Also , when the first determination result in S123 is 
critical cutaneous conductivity and may be determined to be hyperpnea and the cutaneous electric conductivity is abnor 
normal when the cutaneous electric conductivity is less than mal , the user's respiration state may be determined as 
the neutral critical cutaneous conductivity . " dyspnea accompanied by a sticky skin symptom due to 

Under these criteria , the process of determining the res- hyperpnea . ” In detail , when the respiration rate is greater 
piration state will be described with reference to FIG . 7 . 45 than the maximum value of the normal threshold range and 

First , whether the respiration rate calculated in S110 of the cutaneous electric conductivity is greater than the neutral 
FIG . 5 is within the normal threshold range may be deter- critical cutaneous conductivity , the respiration state may be 
mined ( S121 ) . When the respiration rate is within the normal determined as “ dyspnea accompanied by a sticky skin 
threshold range , whether the blood oxygen saturation and symptom due to hyperpnea . ” 
the cutaneous electric conductivity are normal may be 50 In the same way as before , when the first determination 
determined ( S122 ) . result in S123 is hypopnea and the blood oxygen saturation 
When the determination result in S122 is that the blood is abnormal , the user's respiration state may be determined 

oxygen saturation and the cutaneous electric conductivity as “ dyspnea accompanied by oxygen deficiency symptoms 
are normal , the user's respiration state may be determined as due to hypopnea . ” Also , when the first determination result 
“ normal respiration state . ” In detail , when the respiration 55 in S123 is hypopnea and the cutaneous electric conductivity 
rate falls within the normal threshold range , the blood is abnormal , the user's respiration state may be determined 
oxygen saturation is greater than the minimal critical oxygen as “ dyspnea accompanied by a sticky skin symptom due to 
saturation , and the cutaneous electric conductivity is less hypopnea . ” 
than the neutral critical cutaneous conductivity , the respira- When both of the blood oxygen saturation and the cuta 
tion state may be determined as “ normal respiration state . ” 60 neous electric conductivity are abnormal in S124 , the user's 
When the determination result in S122 is that at least one respiration state may be determined as “ urgent respiration 

of the blood oxygen saturation and the cutaneous electric state ” ( S124c ) . In detail , when the respiration rate lies 
conductivity is abnormal , the user's respiration state may be outside the normal threshold range , the blood oxygen satu 
determined as “ abnormal physical or psychological state . ” ration is less than the minimal critical oxygen saturation , and 
In detail , when the respiration rate falls within the normal 65 the cutaneous electric conductivity is greater than the neutral 
threshold range and the blood oxygen saturation is less than critical cutaneous conductivity , the respiration state may be 
the minimal critical oxygen saturation or the cutaneous determined as “ urgent respiration state . ” 

35 



5 

US 11,064,906 B2 
13 14 

FIG . 8 is a hardware configuration diagram of an appa- The determining of the user's respiration state may 
ratus for determining a respiration state on the basis of a include determining the respiration state as “ normal respi 
plurality of biological indicators calculated using bio - sig- ration state ” when the respiration rate falls within a normal 
nals . threshold range , the blood oxygen saturation is greater than 

Referring to FIG . 8 , an apparatus 200 for determining a a minimal critical oxygen saturation , and the cutaneous 
respiration state on the basis of a plurality of biological electric conductivity is less than a neutral critical cutaneous 
indicators calculated using bio - signals may include at least conductivity . 
one processor 210 and a memory 220 configured to store The determining of the user's respiration state may 
instructions for instructing the at least one processor 210 to include determining the respiration state as “ abnormal 
perform at least one step . 10 physical or psychological state ” when the respiration rate 

The at least one processor 210 may refer to a central falls within a normal threshold range and the blood oxygen 
processing unit ( CPU ) , a graphics processing unit ( GPU ) , or saturation is less than a minimal critical oxygen saturation or 
a dedicated processor by which the methods according to the cutaneous electric conductivity is greater than a neutral 
embodiments of the present invention are performed . Each critical cutaneous conductivity . 
of the memory 220 and a storage device 260 may be 15 The determining of the user's respiration state may 
composed of at least one of volatile and non - volatile storage include determining the respiration state as “ dyspnea accom 
media . For example , the memory 220 may be composed of panied by oxygen deficiency symptoms due to hyperpnea " 
at least one of a read only memory ( ROM ) and a random when the respiration rate is greater than a maximum value of 
access memory ( RAM ) . a normal threshold range and the blood oxygen saturation is 

Also , the apparatus 200 for determining a respiration state 20 less than a minimal critical oxygen saturation . 
on the basis of a plurality of biological indicators calculated The determining of the user's respiration state may 
using bio - signals may include a transceiver 230 configured include determining the respiration state as " dyspnea accom 
to perform communication over a wireless network . Also , panied by a sticky skin symptom due to hyperpnea ” when 
the apparatus 200 for determining a respiration state on the the respiration rate is greater than a maximum value of a 
basis of a plurality of biological indicators calculated using 25 normal threshold range and the cutaneous electric conduc 
bio - signals may further include an input interface device tivity is greater than a neutral critical cutaneous conductiv 
240 , an output interface device 250 , a storage device 260 , ity . 
and the like . Elements included in the apparatus 200 for The determining of the user's respiration state may 
determining a respiration state on the basis of a plurality of include determining the respiration state as “ urgent respira 
biological indicators calculated using bio - signals may be 30 tion state ” when the respiration rate lies outside a normal 
connected to , and communicate with , one another through a threshold range , the blood oxygen saturation is less than a 
bus 270 . minimal critical oxygen saturation , and the cutaneous elec 

The at least one step may include collecting a PPG signal tric conductivity is greater than a neutral critical cutaneous 
measured by a PPG sensor and a cutaneous electric signal conductivity . 
measured by an EDA sensor , analyzing the collected PPG 35 The apparatus 200 for determining a respiration state on 
signal and cutaneous electric signal and calculating a plu- the basis of a plurality of biological indicators calculated 
rality of biological indicators including a respiration rate , using bio - signals may preferably be a wearable device , but 
and comprehensively evaluating the plurality of biological may also be a desktop computer , a laptop computer , a 
indicators to determine a user's respiration state . notebook , a smartphone , a tablet PC , a mobile phone , a 

The calculating of the plurality of biological indicators 40 smart watch , smart glasses , an e - book reader , a portable 
may include performing bandpass filtering on the PPG multimedia player ( PMP ) , a portable game machine , a 
signal to extract a respiration signal and performing fre- navigation device , a digital camera , a digital multimedia 
quency analysis on the extracted respiration signal on a broadcasting ( DMB ) player , a digital audio recorder , a 
segment basis to calculate a respiration rate . digital audio player , a digital video recorder , a digital video 

The performing of the frequency analysis to calculate the 45 player , a personal digital assistant ( PDA ) , etc. 
respiration rate may include determining an optimal size of With the method and apparatus for determining a respi 
sample data shared by continuous segments . ration state on the basis of a plurality of biological indicators 
The optimal sample data size B.N may be determined to calculated using bio - signals according to the present inven 

satisfy the relationship of Equation 2 when the number of tion , it is possible to easily and precisely determine a 
samples is N and the size of each segment is a : N . 50 respiration state using a wearable device . 
The plurality of biological indicators may further include Also , since complex indexes are used instead of simply a 

a blood oxygen saturation and a cutaneous electric conduc- respiration rate , it is possible to detect a change in skin color 
tivity . or oxygen deficiency due to dyspnea and cope with the 

The PPG signal may be a signal that is acquired from change . 
reflected light with wavelengths of 660 nm and 940 nm . While the example embodiments of the present invention 
The calculating of the plurality of biological indicators and their advantages have been described in detail , it should 

may include normalizing a 660 - nm wavelength signal and a be understood that various changes , substitutions and altera 
940 - nm wavelength signal of the PPG signal at a ratio of an tions may be made herein without departing from the scope 
alternating current signal to a direct current signal and of the invention . 
calculating the blood oxygen saturation using a ratio 60 
between the normalized 660 - nm wavelength signal and the What is claimed is : 
normalized 940 - nm wavelength signal . 1. A method of determining a respiration state on the basis 

The calculating of the blood oxygen saturation may of a plurality of biological indicators calculated using bio 
include calculating the blood oxygen saturation to have a signals , the method comprising : 
linear proportional relationship with respect to the ratio 65 collecting a photoplethysmography ( PPG ) signal mea 
between the normalized 660 - nm wavelength signal and the sured by a PPG sensor and a cutaneous electric signal 
normalized 940 - nm wavelength signal . measured by an electrodermal activity ( EDA ) sensor ; 
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analyzing the collected PPG signal and the cutaneous than a maximum value of the predetermined threshold range 
electric signal and calculating a plurality of biological and the cutaneous electric conductivity is greater than the 
indicators including a respiration rate ; and predetermined neutral critical cutaneous conductivity . 

comprehensively evaluating the plurality of biological 10. The method of claim 1 , wherein the determining of the 
indicators to determine a user's respiration state , 5 user's respiration state comprises determining the respira 

wherein the plurality of biological indicators further com- tion state as " urgent respiration state ” when the respiration 
prises a blood oxygen saturation and a cutaneous rate lies outside the predetermined threshold range , the 
electric conductivity , blood oxygen saturation is less than a minimal critical 

wherein the determining of the user's respiration state oxygen saturation , and the cutaneous electric conductivity is 
comprises determining the respiration state as “ normal 10 greater than the predetermined neutral critical cutaneous 
respiration state ” when the respiration rate falls within conductivity . 
a predetermined threshold range , the blood oxygen 11. An apparatus for determining a respiration state on the 
saturation is greater than a minimal critical oxygen basis of a plurality of biological indicators calculated using 
saturation , and the cutaneous electric conductivity is bio - signals , the apparatus comprising : 
less than a predetermined neutral critical cutaneous 15 at least one processor ; and 
conductivity . a memory configured to store instructions for instructing 

2. The method of claim 1 , wherein the calculating of the the at least one processor to : 
plurality of biological indicators comprises : collect a photoplethysmography ( PPG ) signal mea 

performing bandpass filtering on the PPG signal to extract sured by a PPG sensor and a cutaneous electric 
a respiration signal ; and signal measured by an electrodermal activity ( EDA ) 

performing frequency analysis on the extracted respira sensor ; 
tion signal on a segment basis to calculate a respiration analyze the collected PPG signal and cutaneous electric 
rate . signal and calculate a plurality of biological indica 

3. The method of claim 2 , wherein the performing of the tors including a respiration rate ; and 
frequency analysis to calculate the respiration rate comprises 25 comprehensively evaluate the plurality of biological 
determining an optimal size of sample data shared by indicators to determine a user's respiration state , 
continuous segments . wherein the plurality of biological indicators further com 

4. The method of claim 3 , wherein when a number of prises a blood oxygen saturation and a cutaneous 
samples is N and a size of each segment is a : N , the optimal electric conductivity , 
size ( B.N ) of sample data is determined to satisfy a rela- 30 wherein the instructions for instructing the at least one 
tionship corresponding to the following equation : processor to comprehensively evaluate the plurality of 

biological indicators to determine the user's respiration a.N + xiy = N state comprise instructions for instructing the at least 
one processor to determine the respiration state as 

where , y = ( a : N ) - ( pa : N ) " normal respiration state ” when the respiration rate 
falls within a predetermined threshold range , the blood 

x = 1 / a : ( ( 1 - a ) ) / ( ( 1-1 ) ) . oxygen saturation is greater than a minimal critical 
5. The method of claim 1 , wherein the PPG signal is a oxygen saturation , and the cutaneous electric conduc 

signal obtained by light with wavelengths of 660 nm and 940 tivity is less than a predetermined neutral critical cuta 
nm being reflected . neous conductivity . 

6. The method of claim 5 , wherein the calculating of the 12. The apparatus of claim 11 , wherein the instructions for 
plurality of biological indicators comprises : instructing the at least one processor to calculate the plu 

normalizing a 660 - nm wavelength signal and a 940 - nm rality of biological indicators comprise instructions for 
wavelength signal of the PPG signal at a ratio of an instructing the at least one processor to : 
alternating current signal to a direct current signal ; and 45 perform bandpass filtering on the PPG signal to extract a 

calculating the blood oxygen saturation using a ratio respiration signal ; and 
between the normalized 660 - nm wavelength signal and perform frequency analysis on the extracted respiration 
the normalized 940 - nm wavelength signal . signal on a segment basis to calculate a respiration rate . 

7. The method of claim 1 , wherein the determining of the 13. The apparatus of claim 12 , wherein the instructions for 
user's respiration state comprises determining the respira- 50 instructing the at least one processor to perform the fre 
tion state as “ abnormal physical or psychological state ” quency analysis to calculate the respiration rate comprise 
when the respiration rate falls within the predetermined instructions for instructing the at least one processor to 
threshold range and the blood oxygen saturation is less than determine an optimal size of sample data shared by con 
a minimal critical oxygen saturation or the cutaneous elec tinuous segments . 
tric conductivity is greater than the predetermined neutral 55 14. The apparatus of claim 13 , wherein when a number of 
critical cutaneous conductivity . samples is N and a size of each segment is a : N , the optimal 

8. The method of claim 1 , wherein the determining of the size ( B.N ) of sample data is determined to satisfy a rela 
user's respiration state comprises determining the respira- tionship corresponding to the following equation : 
tion state as " dyspnea accompanied by oxygen deficiency 

A : N + x : y = N symptoms due to hyperpnea ” when the respiration rate is 60 
greater than a maximum value of the predetermined thresh where , y = ( a : N ) - ( Ba.N ) old range and the blood oxygen saturation is less than a 
minimal critical oxygen saturation . 

9. The method of claim 1 , wherein the determining of the x = 1 / a : ( ( 1 - a ) ) / ( ( 1-1 ) ) . 
user's respiration state comprises determining the respira- 65 15. The apparatus of claim 11 , wherein the instructions for 
tion state as “ dyspnea accompanied by a sticky skin symp- instructing the at least one processor to determine the user's 
tom due to hyperpnea ” when the respiration rate is greater respiration state comprises instructions for instructing the at 
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least one processor to determine the respiration state as 
“ abnormal physical or psychological state ” when the respi 
ration rate falls within the predetermined threshold range 
and the blood oxygen saturation is less than a minimal 
critical oxygen saturation or the cutaneous electric conduc- 5 
tivity is greater than the predetermined neutral critical 
cutaneous conductivity . 
16. A method of calculating a number of breaths per 

minute using bio - signals , the method comprising : 
collecting a photoplethysmography ( PPG ) signal mea 

sured by a PPG sensor ; 
performing bandpass filtering on the PPG signal to extract 

a respiration signal ; 
acquiring a blood oxygen saturation and a cutaneous 

electric conductivity ; 
performing frequency analysis on the extracted respira 

tion signal on a segment basis to calculate a respiration 

10 

15 

rate ; and 
determining a user's respiration state as “ normal respira 

tion state ” when the respiration rate falls within a 20 
predetermined threshold range , the blood oxygen satu 
ration is greater than a minimal critical oxygen satura 
tion , and the cutaneous electric conductivity is less than 
a predetermined neutral critical cutaneous conductivity . 

25 


