US 20200187795A1

12) Patent Application Publication (o) Pub. No.: US 2020/0187795 Al

a9y United States

YOKOI et al. 43) Pub. Date: Jun, 18, 2020
(54) ELECTRONIC DEVICE INCLUDING HO4R 1/10 (2006.01)
EARPHONE, AND METHOD OF HO4R 3/04 (2006.01)
CONTROLLING THE ELECTRONIC DEVICE AGIB 5/00 (2006.01)
A6IB 5/053 (2006.01)
(71) Applicant: Samsung Electronics Co., Ltd., (52) US. CL
Suwon-si (KR) CPC ......... AGIB 5/02055 (2013.01); HO3F 3/183

(72) Inventors: Atsuya YOKOI, Yokohama-shi (JP);
Tadamasa MURAKAMI,
Yokohama-shi (JP); Toshihiro
KITAJIMA, Yokohama-shi (JP);
Edwardo MURAKAMI, Yokohama-shi
(IP)

(21) Appl. No.: 16/713,925

(2013.01); HO4R 1/1016 (2013.01); HO4R
1/1041 (2013.01); HO4R 3/04 (2013.01); A61B
5/024 (2013.01); A61B 5/053 (2013.01); A6IB
/7225 (2013.01); HO3F 2200/03 (2013.01);
HO3F 2200/102 (2013.01); A61B 5/6803
(2013.01)

7) ABSTRACT

An electronic device is provided. The electronic device
includes an earphone including a first impedance compo-
nent, a signal generator configured to output a first alternat-
ing current (AC) signal, a first circuit including at least one
first analog device having an impedance component electri-
cally coupled to the first impedance component, and con-
figured to receive the first AC signal and output a first
detection signal including a voltage component correspond-
ing to the first impedance component, and at least one
processor configured to generate at least one piece of
biometric information, based on the first detection signal,
and output the at least one piece of biometric information.

(22) Filed: Dec. 13, 2019
(30) Foreign Application Priority Data
Dec. 18,2018  (JP) ecevvverervcevivecerericns 2018-236597
Feb. 20, 2019 e 2019-028415
Aug. 21,2019 (IP) ccorvvcenccceccien 2019-151395
Nov. 20, 2019 10-2019-0149891
Publication Classification
(51) Imt. ClL
AG6IB 5/0205 (2006.01)
HO3F 3/183 (2006.01)
100
o
NS
21 AL
(N
il ! 4
ll | N
| !
L 0 >
i e L~
K\\L—“‘-/‘y .




Patent Application Publication  Jun. 18,2020 Sheet 1 of 46 US 2020/0187795 Al

FIG. 1




Patent Application Publication  Jun. 18,2020 Sheet 2 of 46 US 2020/0187795 Al
FIG. 2
100
110 120 EIRST 140
EARPHONE FIRST CIRCUIT DETECTION SIGNAL PROCESSOR
FIRST AC SIGNAL
130 ST AC SIG
SIGNAL

GENERATOR




Patent Application Publication  Jun. 18,2020 Sheet 3 of 46 US 2020/0187795 Al

FIG. 3
110 310 320 120

:"""'“'('I""'"“/-/-'“"W-ﬂ Jrenn e e en v -E\i """"" 5"""‘\'

! AN E—

R+ AT R Ry L N330
3 o
; )
! e
| N .y
! i i

S RS -




US 2020/0187795 A1

Jun. 18,2020 Sheet 4 of 46

Patent Application Publication

0zy
[
|
i
927 . 22y
NOLLYMHOIN A
JHALYHINZL AQOH AT R wy
NOLyp4n | SOSSE0Kd i
NULLTINC _ s 3 - - a.
ERCREEY dd1 (X =17 QY = 3d8 < 55
gl vy oLy plp et ;
giy— .08~ D.Zmu m
: T
” i i
{1 X4 X 1ug) 800 l\zu = OV bl T I |
- 18+ B | |
0L Lgze 0LE |
M h —— " ! -
ennt < j j ] ]
oo 0% B0ZL oLt 0Bp

v old




US 2020/0187795 A1

Jun. 18,2020 Sheet 5 of 46

Patent Application Publication

NOILYNHCANI
31V 18v3H

NCILVHHCINI
JHMLYHIAWEL AGOH

B0SS
HOLD3LH0 EINE 1 ue
09 x g ADNINOTHA Mvad 444 NOILO313] i
ovs 885 98¢~ pEg AR
HOLYINO WD HOLYINDTYD O+
THNLYHIGNI L ADOS ITIPA IDVHIAY
915" b5 gis
eovl” e

G OId




US 2020/0187795 A1

Jun. 18,2020 Sheet 6 of 46

Patent Application Publication

NOLLYIWHOAN]

AivH IHYIH ™

NOLLYWHC AN
JHNiIvEIdWI L ATOY

9 "Dld

qogs
u
{
08 X 11/ HOLYINOWO HADOML | H3L
i IOVHIAY TYAHTLNI LUWHDS NOILO3LIC
ope - 019~ 785
HOLYINO WO HOVIND YD
JHAEYHIAWEL AQOH ITIVA JDVHIAY
PLG ¢is
{
oy )




Patent Application Publication  Jun. 18,2020 Sheet 7 of 46 US 2020/0187795 Al

FIG. 7

Power Ralio

TIME| s8¢
o [sac]

Phase Difference [Degreel



Patent Application Publication  Jun. 18,2020 Sheet 8 of 46 US 2020/0187795 Al

FIG. 8

NORMALIZED AMPLITUDE SPECTRUM 810

_40 g ¥ ¥ T T ¥ T T Y T ]

-60 -

g ) !
I .
g -0 mf\f\w\,\,wmmwxmmm..»;w«,,ﬁw
O 1201 -

-140 : : : : - ' ' ; ' FREQUENCY{Hz

0 1 2 3 4 5 B 7 8 9 10
NORMALIZED PHASE SPECTRUM 820

4@ o H T 1 H 4 k] T T ¥ )

20 E -

O -l

v f‘*"‘v'”‘\f‘v*\/‘\wwfwf\“mfww

-60 ‘ ‘ . L . ‘ ! 8 : FREQUENCY{Hz}
g 1 Z 3 4 5 B / 8 9 10

Power [dB]
=




Patent Application Publication  Jun. 18,2020 Sheet 9 of 46 US 2020/0187795 Al

FIG. 9

FILTERED NORMALIZED AMPLITUDE -0

412 ! ¥
117 -
i) i ;
= .08 ;
o i i
5 .06
&
04 )
"O? | J H s L g I 1 i
0 1 p 3 4 5 3 7 8 g 10
Time {sec)
FILTERED NORMALIZED PHASE - 820
6 T i L] i 1 ¥ 4 (
[l ~ :
g £r -
£
5 U
g -Zr
@
& Y :
R i Y Y 4 § !

| | '
i 1 2 3 4 5 8 7 8 g 10
Time {sec)



Patent Application Publication

Jun. 18,2020 Sheet 10 of 46

FIG. 10

US 2020/0187795 A1

FILTERED NORMALIZED AMPLITUDE SPECTRUM L1010
'“8() L L] T 14 1} L T ¥ L} 1] -
-100 ¢ AN .
- //‘\ﬁw\]‘u\, \
g -120f TNV -
g -ty W\W\/‘“\»W__wﬁ A
& et ’\’V’V\’"
u1 80 i ] i B i )] J I [] ! )
0 1 2 3 4 s 8 7 8 9 10
Frequenay [Hz]
0 FILTERED NORBMALIZED PHASE SPECTRUM - 1020
-20 L o
- N
8 -wop V\N\ﬁw\ :
g m60 qr'f“u ~\M Mvv -
é’ L\IM\M\/\.{\ -
-80 VAMAA
..1()@ | 1 i 3 X i ! § ) §

3 4 5 8 7 8 9 10
Frequency [Hz]



US 2020/0187795 A1

Jun. 18,2020 Sheet 11 of 46

Patent Application Publication

ey
{
azh 12 \
NCILYIWHO NI < "
JUNLYH3dNEL ACOS ™ gl 3 AR . | m
4 | 2y |9l Py 2ib |
NOLVHEON | SOSSI00N e = |
H : ctit] v ” | T !
3LVH 1HV3H A == 90V = AdE = AUV g |
ob1 yzy ]
giv— .06~ 081 = Ovd Z/o- |
pzit” 2eLL” ]
1Y @) g N - |
(X xug) 509 (=) ava ST |
A
gL’ aezi -
17T "Dld




Patent Application Publication  Jun. 18,2020 Sheet 12 of 46  US 2020/0187795 A1

FIG. 12

E .




US 2020/0187795 A1

Jun. 18,2020 Sheet 13 of 46

Patent Application Publication

02y .
gzy.  “oF
NGILYIHONI _ R B
FNIVEIdNILACCE ] | gy dd 1 é..ﬁxxi.mw...
NOILYNEOANT_ | 40833008 e 2 -
31vY 1HYEH - A o
v by - 9Ly
8iy— .06
(11 X 2z} 500 {~) ova
0Ly T
oL 0z1 ]

¢l "Dld




US 2020/0187795 A1

Jun. 18,2020 Sheet 14 of 46

Patent Application Publication

NCHYHEHO-NI
FHNIVHINEL AGOd

NOILYHEONI
21y LHYEH

chl

i ¢ J
. i J ALSNILNI
ctvl AT vl N\ Ve
HOLYINO TV \ /
SHNEVEIANAL ACOH 0av =75 Ad ,_W _\
. j \ Gl
“dury T ! \“
HOLYINOTYO o 2 osoama A e
3Ly LHYIH h ¥ /z ¢ 3dOTIANT - ,4 REE
08yl gerl” R P iy gLy
anND
(X1 X 1g) 900 {~) ova o 2H |4V + 1y E;
| oL oLy 0z€ 0ig
TR pOZL oLl
Y1 "Dld



US 2020/0187795 A1

Jun. 18,2020 Sheet 15 of 46

Patent Application Publication

025
i
ozy
NOILYIHOAN]
TN LYHIGHIL ACOE ™) 7| €
NOlLvROn_ | HOSS908d AN AN
3ivH [HvIH | | ddd 00V b= ddf e cwy
orL vy~
giv— .06~
; ) LNOHID
XHXUZ 800 (~) i
Gxaxe s ) Jvd SOTYNY
0Ly~
g1 0261
| 4dH
TWNDIS QITNY o161
8021
1 "9id

<

ANCHIHYS




US 2020/0187795 A1

Jun. 18,2020 Sheet 16 of 46

Patent Application Publication

0191
A_
] Fe
4 iH -ao1e
oey 1
" OND gig¢
NOLLYIHOAN T mm\ OND ez g
NI 5l 0= L £1
. HOSSI00Hd v A pH| 9291 o seung
NOLLYAHO 2N e EFH S ) SRR E ViV e Y - q
EINEREE S . o 7 — VN
oly  viv ._
g1v— .06- cetl
(1% 1§ X %) 809 mfl\v v En
01
oSt 1021

91 "Dld




US 2020/0187795 A1

Jun. 18,2020 Sheet 17 of 46

Patent Application Publication

17

FlG.

———)

e mpmeper ey s e
T T T T N
OO O GO £ 0 O\ (LTS w00
N e 3 N O 3 o e KDL

o ) ) T 8 ST SO TS

[eauBag] assyd

Time Ta [sec]

VA

I

.....

e D O QB e (LD AL T e
CEDON ammm T D ENH OO0 P e

S e e e e £ RO GG
nﬁa&?h?nzné?_?ﬁ/_n/_?_

[eaifa(]] gsvyd

3

Time Ts [sec]



Patent Application Publication  Jun. 18,2020 Sheet 18 of 46  US 2020/0187795 A1

FiG. 18




Patent Application Publication  Jun. 18,2020 Sheet 19 of 46  US 2020/0187795 A1

FIG. 19
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ELECTRONIC DEVICE INCLUDING
EARPHONE, AND METHOD OF
CONTROLLING THE ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119(a) of a Japanese patent application
number 2018-236597, filed on Dec. 18, 2018, in the Japa-
nese Intellectual Property Office, of a Japanese patent appli-
cation number 2019-028415, filed on Feb. 20, 2019, in the
Japanese Intellectual Property Office, and of a Japanese
patent application number 2019-151393, filed on Aug. 21,
2019, in the Japanese Intellectual Property Office, and of a
Korean patent application number 10-2019-0149891, filed
on Nowv. 20, 2019, in the Korean Intellectual Property Office,
the disclosure of each of which is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to an electronic device
including an earphone, and a method of controlling the
electronic device.

2. Description of Related Art

[0003] In case of electronic devices, various technologies
for obtaining biometric information are under development.
Electronic devices can monitor a body state of a user by
using biometric information and provide various pieces of
health information based on the biometric information. The
biometric information can also be used for various purposes,
such as user authentication and device control. However, a
user may have to perform a special action to collect bio-
metric information, or may have to make a part of his or her
body in contact with a certain location on an electronic
device. This may be burdensome to the user. Moreover, a
factor, such as a surrounding environment makes it difficult
to collect accurate biometric information.

[0004] The above information is presented as background
information only to assist with an understanding of the
disclosure. No determination has been made, and no asset-
tion is made, as to whether any of the above might be
applicable as prior art with regard to the disclosure.

SUMMARY

[0005] Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure is to provide a device and
a method of obtaining biometric information by using an
earphone, so that a user is able to obtain the biometric
information without performing a special action for obtain-
ing the biometric information.

[0006] Another aspect of the disclosure is to provide a
device and a method of obtaining biometric information by
using an earphone while outputting audio through the ear-
phone.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments of the disclosure.

Jun. 18, 2020

[0008] 1In accordance with an aspect of the disclosure, an
electronic device is provided. The electronic device includes
an earphone including a first impedance component, a signal
generator configured to output a first alternating current
(AC) signal, a first circuit including at least one first analog
device having an impedance component electrically coupled
to the first impedance component, and configured to receive
the first AC signal and output a first detection signal includ-
ing a voltage component corresponding to the first imped-
ance component, and at least one processor configured to
generate at least one piece of biometric information, based
on the first detection signal, and output the at least one piece
of biometric information.

[0009] The electronic device may include a shape in which
the earphone is inserted into the external auditory meatus of
a human being, and a magnitude of the first impedance
component may vary according to a change in the pressure
of the external auditory meatus.

[0010] The at least one piece of biometric information
may include heart rate information, and the at least one
processor may generate the heart rate information, based on
a phase component of the first detection signal.

[0011] The at least one piece of biometric information may
include body temperature information, and the at least one
processor may generate the body temperature information,
based on an amplitude component of the first detection
signal.

[0012] The first AC signal may include a frequency in an
ultrasonic range.

[0013] The first AC signal may include a frequency of 20
kilohertz (kHz) to 40 kHz.

[0014] The first circuit may be configured to generate the
first detection signal including an in-phase signal of an
in-phase component and an orthogonal signal of a quadra-
ture phase component from the first AC signal and an
intermediate detection signal of a node connected to the first
analog device, and output the first detection signal to the at
least one processor.

[0015] The at least one processor may be configured to
generate body temperature information, based on a sum of
asquare of the in-phase signal and a square of the orthogonal
signal, and generate heart rate information, based on phase
information extracted from the in-phase signal and the
orthogonal signal.

[0016] The first device may include a second impedance
device, a third impedance device, and a fourth impedance
device connected with the first impedance component in a
bridge circuit structure, and may be configured to receive the
first AC signal via at least one of a first node or a second
node of the bridge circuit structure or a combination thereof,
generate an in-phase signal of an in-phase component and an
orthogonal signal of a quadrature phase component from an
intermediate detection signal of a third node of the bridge
circuit structure, and output the in-phase signal and the
orthogonal signal to the at least one processor.

[0017] Two impedance devices directly connected to the
first node may have identical impedance values, and two
impedance devices directly connected to the second node
may have identical impedance values.

[0018] The first node may receive the first AC signal, the
second node may receive a signal obtained by delaying the
phase of the first AC signal by 180°, the first impedance
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component may be connected between a fourth node and the
first node, and the fourth node may be connected to ground
potential.

[0019] The first node may receive the first AC signal, the
second node may be connected to ground potential, the first
impedance component may be connected to between the
second node and a fourth node, and the first circuit may be
configured to differentially amplify a signal of the fourth
node and a signal of the third node to generate the first
detection signal.

[0020] The first impedance component may be connected
to between the second node and a fourth node, the second
impedance device may be connected to between the first
node and the fourth node, the third impedance device may
be connected to between the first node and the third node,
and the fourth impedance device may be connected to
between the second node and the third node. The earphone
may include a first resistance component and a first induc-
tance component, the second impedance device may include
a second resistor, the third impedance device may include a
third resistor and a third capacitor connected to the third
resistor in parallel, and the fourth impedance device may
include a fourth resistor. The first resistance component and
a resistance component of the fourth resistor may include
same magnitudes, the second resistor and the third resistor
may include resistance components of which magnitudes are
same, and the third capacitor may include a capacitor
component of a magnitude {first inductance component/
(resistance component of third resistor * resistance compo-
nent of fourth resistor)}.

[0021] The first impedance component may be connected
to between the second node and a fourth node.

[0022] The second impedance device may be connected to
between the first node and the fourth node, the third imped-
ance device may be connected to between the first node and
the third node, and the fourth impedance device may be
connected to between the second node and the third node.
[0023] The first impedance component may include a first
first resistance component and a first inductance component
serially connected to each other between the second node
and the fourth node, and a second first resistance component
connected to the first first resistance component and the first
inductance component in parallel between the second node
and the fourth node, the second impedance device may
include a second resistor, the third impedance device may
include a third resistor and a third capacitor connected to
each other in parallel between the first node and the third
node, and the fourth impedance device may include a first
fourth resistor, a second fourth resistor, and a fourth capaci-
tor connected to one another in parallel between the second
node and the third node.

[0024] The first first resistance component and a resistance
component of the first fourth resistor may include same
magnitudes, the second resistor and the third resistor may
include resistance components of which magnitudes are
same, and the second first resistance component and a
resistance component of the second fourth resistor may
include same magnitudes. The third capacitor may include a
capacitor component of a magnitude {first inductance com-
ponent/(resistance component of third resistor * resistance
component of first fourth resistor)}.

[0025] The first circuit may include a band pass filter and
an envelope detector, and may be configured to generate a
second intermediate detection signal by modulating a first
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intermediate detection signal of a node connected to the first
analog device by using the band pass filter and the envelope
detector and to generate the first detection signal including
an amplitude change component signal and a direct current
(DC) component signal generated from the second interme-
diate detection signal. The at least one processor may be
configured to generate heart rate information from the
amplitude change component signal and generate body
temperature information from the DC component signal.

[0026] The first circuit may be configured to receive an
electrical audio signal cotresponding to an audio signal
output via the earphone, process the electrical audio signal
by using a high pass filter, and apply a result of the
processing to at least one node of the first circuit.

[0027] The first circuit may be configured to generate the
first detection signal including an in-phase signal of an
in-phase component and an orthogonal signal of a quadra-
ture phase component from the first AC signal and an
intermediate detection signal of a node connected to the first
analog device. The at least one processor may be configured
to generate an amplitude signal of an amplitude component
and a phase signal of a phase component from the in-phase
signal and the orthogonal signal and remove a motion
component of the electronic device by using the amplitude
signal and the phase signal.

[0028] The first circuit may be configured to generate the
first detection signal including an in-phase signal of an
in-phase component and an orthogonal signal of a quadra-
ture phase component from the first AC signal and an
intermediate detection signal of a node connected to the first
analog device. The at least one processor may be configured
to generate an amplitude signal of an amplitude component
and a phase signal of a phase component from the in-phase
signal and the orthogonal signal, and to detect attachment or
detachment of the electronic device, based on a variation in
at least one of the amplitude signal or the phase signal.

[0029] In accordance with another aspect of the disclo-
sure, a method of controlling an electronic device is pro-
vided. The method includes an earphone including a first
impedance component, and a first circuit including at least
one first analog device including an impedance component
electrically coupled to the first impedance component,
includes the operations of controlling a first AC signal to be
output to the first circuit, obtaining a first detection signal
including a voltage component corresponding to the first
impedance component from the first circuit, generating at
least one piece of biometric information, based on the first
detection signal, and outputting the at least one piece of
biometric information.

[0030] The electronic device may include a shape in which
the earphone is inserted into the external auditory meatus of
a human being, and a magnitude of the first impedance
component may vary according to a change in the pressure
of the external auditory meatus.

[0031] The at least one piece of biometric information
may include heart rate information, and the method may
include generating the heart rate information, based on a
phase component of the first detection signal.

[0032] The at least one piece of biometric information
may include body temperature information, and the method
may include generating the body temperature information,
based on an amplitude component of the first detection
signal.
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[0033] The first AC signal may include a frequency in an
ultrasonic range.

[0034] The first AC signal may include a frequency of 20
kHz to 40 kHz.
[0035] The method may further include generating the first

detection signal including an in-phase signal of an in-phase
component and an orthogonal signal of a quadrature phase
component from the first AC signal and an intermediate
detection signal of a node connected to the first analog
device, wherein the generation is performed by the first
circuit.

[0036] The method may further include generating body
temperature information, based on a sum of a square of the
in-phase signal and a square of the orthogonal signal, and
generating heart rate information, based on phase informa-
tion extracted from the in-phase signal and the orthogonal
signal.

[0037] The first circuit may include a second impedance
device, a third impedance device, and a fourth impedance
device connected with the first impedance component in a
bridge circuit structure, and the method may further include
receiving the first AC signal via at least one of a first node
or a second node of the bridge circuit structure or a com-
bination thereof, generating an in-phase signal of an in-
phase component and an orthogonal signal of a quadrature
phase component from an intermediate detection signal of a
third node of the bridge circuit structure, and outputting the
in-phase signal and the orthogonal signal.

[0038] Two impedance devices directly connected to the
first node may have identical impedance values, and two
impedance devices directly connected to the second node
may have identical impedance values.

[0039] The method may further include receiving the first
AC signal by the first node and receiving, by the second
node, a signal obtained by delaying the phase of the first AC
signal by 180° the first impedance component may be
connected between a fourth node and the first node, and the
fourth node may be connected to ground potential.

[0040] The first node may receive the first AC signal, the
second node may be connected to ground potential, the first
impedance component may be connected to between the
second node and a fourth node, and the method may further
include differentially amplifying a signal of the fourth node
and a signal of the third node to generate the first detection
signal, wherein the differentially amplifying is performed by
the first circuit.

[0041] The first impedance component may be connected
to between the second node and a fourth node, the second
impedance device may be connected to between the first
node and the fourth node, the third impedance device may
be connected to between the first node and the third node,
and the fourth impedance device may be connected to
between the second node and the third node. The earphone
may include a first resistance component and a first induc-
tance component, the second impedance device may include
a second resistor, the third impedance device may include a
third resistor and a third capacitor connected to the third
resistor in parallel, and the fourth impedance device may
include a fourth resistor. The first resistance component and
a resistance component of the fourth resistor may include
same magnitudes, the second resistor and the third resistor
may include resistance components of which magnitudes are
same, and the third capacitor may include a capacitor
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component of a magnitude {first inductance component/
(resistance component of third resistor * resistance compo-
nent of fourth resistor)}.

[0042] The first impedance component may be connected
to between the second node and a fourth node, the second
impedance device may be connected to between the first
node and the fourth node, the third impedance device may
be connected to between the first node and the third node,
and the fourth impedance device may be connected to
between the second node and the third node. The first
impedance component may include a first first resistance
component and a first inductance component serially con-
nected to each other between the second node and the fourth
node, and a second first resistance component connected to
the first first resistance component and the first inductance
component in parallel between the second node and the
fourth node, the second impedance device may include a
second resistor, the third impedance device may include a
third resistor and a third capacitor connected to each other in
parallel between the first node and the third node, and the
fourth impedance device may include a first fourth resistor,
a second fourth resistor, and a fourth capacitor connected to
one another in parallel between the second node and the
third node.

[0043] The first first resistance component and a resistance
component of the first fourth resistor may include same
magnitudes, the second resistor and the third resistor may
include resistance components of which magnitudes are
same, and the second first resistance component and a
resistance component of the second fourth resistor may
include same magnitudes. The third capacitor may include a
capacitor component of a magnitude {first inductance com-
ponent/(resistance component of third resistor * resistance
component of first fourth resistor)}.

[0044] The first circuit may include a band pass filter and
an envelope detector, and the method may further include
generating a second intermediate detection signal by modu-
lating a first intermediate detection signal of a node con-
nected to the first analog device by using the band pass filter
and the envelope detector, generating the first detection
signal including an amplitude change component signal and
a direct current (DC) component signal generated from the
second intermediate detection signal, generating heart rate
information from the amplitude change component signal,
and generating body temperature information from the DC
component signal.

[0045] The method may further include receiving an elec-
trical audio signal corresponding to an audio signal output
via the earphone, and processing the electrical audio signal
by using a high pass filter and then applying a result of the
processing to at least one node of the first circuit.

[0046] The method may further include generating the first
detection signal including an in-phase signal of an in-phase
component and an orthogonal signal of a quadrature phase
component from the first AC signal and an intermediate
detection signal of a node connected to the first analog
device, generating an amplitude signal of an amplitude
component and a phase signal of a phase component from
the in-phase signal and the orthogonal signal, and removing
a motion component of the electronic device by using the
amplitude signal and the phase signal, wherein these opera-
tions are performed by the first circuit.

[0047] The method may further include generating the first
detection signal including an in-phase signal of an in-phase
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component and an orthogonal signal of a quadrature phase
component from the first AC signal and an intermediate
detection signal of a node connected to the first analog
device, generating an amplitude signal of an amplitude
component and a phase signal of a phase component from
the in-phase signal and the orthogonal signal, and detecting
attachment or detachment of the electronic device, based on
avariation in at least one of the amplitude signal or the phase
signal, wherein these operations are performed by the first
circuit.

[0048] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

[0050] FIG. 1 illustrates a structure of an electronic device
and an ear structure of a human being according to an
embodiment of the disclosure;

[0051] FIG. 2 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0052] FIG. 3 illustrates an equivalent circuit of a first
impedance component, a first circuit, and a signal generator
according to an embodiment of the disclosure;

[0053] FIG. 4 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0054] FIG. 5is a block diagram of a processor according
to an embodiment of the disclosure;

[0055] FIG. 6 is a block diagram of a processor according
to an embodiment of the disclosure;

[0056] FIG. 7 illustrates a waveform representing a
change, over time, in an amplitude component generated by
a processor, and a waveform representing a change, over
time, in a phase component generated by the processor
according to an embodiment of the disclosure;

[0057] FIG. 8 illustrates a spectrum of an amplitude com-
ponent generated by a processor, and a spectrum of a phase
component generated by the processor according to an
embodiment of the disclosure;

[0058] FIG. 9 illustrates a waveform representing a
change, over time, in an amplitude component having
passed through a detection filter of a processor, and a
waveform representing a change, over time, in a phase
component having passed through the detection filter of the
processor according to an embodiment of the disclosure;
[0059] FIG. 10 illustrates a spectrum of an amplitude
component having passed through a detection filter of a
processor, and a spectrum of a phase component having
passed through the detection filter of the processor according
to an embodiment of the disclosure;

[0060] FIG. 11 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0061] FIG. 12 is a schematic circuit diagram of an analog
circuit according to an embodiment of the disclosure;
[0062] FIG. 13 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0063] FIG. 14 is a block diagram of an electronic device
according to an embodiment of the disclosure;
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[0064] FIG. 15 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0065] FIG. 16 is a block diagram of an electronic device
according to an embodiment of the disclosure;

[0066] FIG. 17 illustrates a waveform of a detection signal
of a pulse wave output by a processor of an electronic device
when no audio signals are output by an audio player, and a
waveform of a detection signal of a pulse wave output by the
processor of the electronic device when an audio signal is
output by the audio player according to an embodiment of
the disclosure;

[0067] FIG. 18 illustrates an analog circuit according to an
embodiment of the disclosure;

[0068] FIGS. 19 and 20 are circuit diagrams illustrating an
analog circuit of FIG. 18 according to various embodiments
of the disclosure;

[0069] FIG. 21 illustrates an analog circuit according to an
embodiment of the disclosure;

[0070] FIG. 22 illustrates amplitude and phase informa-
tion of a detection signal according to an embodiment of the
disclosure;

[0071] FIG. 23 is ablock diagram of a processor according
to an embodiment of the disclosure;

[0072] FIG. 24 is ablock diagram of a processor according
to an embodiment of the disclosure;

[0073] FIG. 25 is a block diagram of a structure of a
motion canceller according to an embodiment of the disclo-
sure;

[0074] FIG. 26 is a block diagram of a structure of a
motion canceller according to an embodiment of the disclo-
sure;

[0075] FIG. 27 illustrates a result of removal of a motion
component by a motion canceller of FIG. 26 according to an
embodiment of the disclosure;

[0076] FIG. 28 illustrates direct current (DC) component
cutters according to an embodiment of the disclosure;
[0077] FIG. 29 illustrates a waveform of an amplitude
component from which a DC component has not yet been
removed, and a waveform of a DC-cut amplitude component
from which the DC component has been removed according
to an embodiment of the disclosure;

[0078] FIG. 30 illustrates a result of a removal of a DC
component by DC component cutters of FIG. 28 according
to an embodiment of the disclosure;

[0079] FIG. 31 is ablock diagram of a processor according
to an embodiment of the disclosure;

[0080] FIG. 32 illustrates a change, over time, in an
amplitude component generated by a processor when an
examinee wears an earphone according to an embodiment of
the disclosure;

[0081] FIG. 33 illustrates a change, over time, in a phase
component generated 0502-0579 (SH-59914-US-DMC by a
processor when an examinee wears an earphone according
to an embodiment of the disclosure;

[0082] FIG. 34 illustrates a result of time differentiation
with respect to an amplitude component according to an
embodiment of the disclosure;

[0083] FIG. 35 illustrates a result of time differentiation
with respect to a phase component according to an embodi-
ment of the disclosure;

[0084] FIG. 36 is a graph illustrating a threshold value
processing with respect to a differential amplitude value
according to an embodiment of the disclosure;
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[0085] FIG. 37 is a graph illustrating a threshold value
processing with respect to a differential phase value accord-
ing to an embodiment of the disclosure;

[0086] FIG. 38 is a block diagram of a processor according
to an embodiment of the disclosure;

[0087] FIG. 39 illustrates a change, over time, in an
amplitude component generated by a processor when an
examinee has detached an earphone from his or her external
auditory tube according to an embodiment of the disclosure;
[0088] FIG. 40 illustrates a result of a time differentiation
with respect to an amplitude component according to an
embodiment of the disclosure;

[0089] FIG. 41 illustrates a change, over time, in a phase
component generated by a processor when an examinee has
detached an earphone from his or her external auditory tube
according to an embodiment of the disclosure;

[0090] FIG. 42 illustrates an alternating current (AC)
component of a phase component when an examinee wears
an earphone according to an embodiment of the disclosure;
[0091] FIG. 43 illustrates an AC component of a phase
component when an examinee does not wear an earphone
according to an embodiment of the disclosure;

[0092] FIG. 44 illustrates a digitized wave height of an AC
component of the phase component according to an embodi-
ment of the disclosure;

[0093] FIG. 45 is a flowchart of a method of controlling an
electronic device according to an embodiment of the dis-
closure; and

[0094] FIG. 46 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0095] Throughout the drawings, it should be noted that
like reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION

[0096] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of various embodiments of the dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist in that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the various
embodiments described herein can be made without depart-
ing from the scope and spirit of the disclosure. In addition,
descriptions of well-known functions and constructions may
be omitted for clarity and conciseness.

[0097] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear
and consistent understanding of the disclosure. Accordingly,
it should be apparent to those skilled in the art that the
following description of various embodiments of the disclo-
sure is provided for illustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

[0098] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces.

[0099] Throughout the specification, like reference numer-
als or characters refer to like elements. In the specification,
all elements of embodiments are not explained, but general
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matters in the technical field of the disclosure or redundant
matters between embodiments will not be described. The
term “module” or “unit” used herein may be implemented as
one or more of software, hardware, or firmware. According
to embodiments of the disclosure, a plurality of “modules”
or “units” may be implemented as one element, or one
“module” or “unit” may include a plurality of elements.
[0100] Throughout the disclosure, the expression “at least
one of a, b or ¢” indicates only a, only b, only ¢, both a and
b, both a and ¢, both b and ¢, all of a, b, and ¢, or variations
thereof

[0101] In the description of embodiments of the disclo-
sure, certain detailed explanations of the related art are
omitted when it is deemed that they may unnecessarily
obscure the essence of the disclosure. While such terms as
“first,” “second,” etc., may be used to describe various
components, such components must not be limited to the
above terms. The above terms are used only to distinguish
one component from another.

[0102] When an element (e.g., a first element) is “coupled
to” or “connected to” another element (e.g., a second ele-
ment), the first element may be directly coupled to or
connected to the second element, or, unless otherwise
described, a third element may exist therebetween.

[0103] In the disclosure, blocks and various processing
blocks within processors 140, 140a, 1405, 140¢, 1404, 140e,
and 140/'may correspond to at least one software processing
block, at least one dedicated hardware processor, and a
combination thereof. The blocks defined within the proces-
sors 140, 140a, 1405, 140c, 1404, 140¢, and 140f in the
disclosure are merely examples of software processing units
for performing embodiments of the disclosure. Other than
the processing units disclosed in the disclosure, processing
units that perform embodiments of the disclosure in various
ways may be defined.

[0104] The operational principles of embodiments of the
disclosure and various embodiments of the disclosure will
now be described more fully with reference to the accom-
panying drawings.

[0105] FIG. 1 illustrates a structure of an electronic device
and an ear structure of a human being according to an
embodiment of the disclosure.

[0106] Referring to FIG. 1, an electronic device 100
according to embodiments of the disclosure is implemented
in a type including an earphone 110. The electronic device
100 may be implemented as, for example, a wearable device
including the earphone 110. The electronic device 100 may
be implemented as, for example, a wireless earphone, a
wired earphone, a head mount display, or smart glasses. The
electronic device 100 has a shape that is inserted into an
external auditory meatus 10 of the ear of a human being. The
electronic device 100 may obtain various pieces of biometric
information 30 by using the earphone 110 and a first circuit
electrically coupled to the impedance component of the
earphone 110.

[0107] The biometric information 30 is related to the body
of a user who is wearing the electronic device 100. The
biometric information 30 may be obtained via an interaction
between the body of the user and the electronic device 100.
The biometric information 30 may include, for example, at
least one of a heart rate or a body temperature, or a
combination thereof.

[0108] The electronic device 100 according to embodi-
ments of the disclosure detects the biometric information of
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a wearer (examinee) of the earphone 110 by measuring a
change in the impedance of the earphone 110. The earphone
110 is connected to the first circuit according to embodi-
ments of the disclosure. The earphone 110 may be imple-
mented such that it has a first impedance component and the
first impedance component and the first circuit constitute a
voltage distribution circuit. Specifically, an equivalent cir-
cuit of the earphone 110 includes an electrical circuit, a
mechanical circuit, and an acoustical circuit, and the elec-
trical circuit, the mechanical circuit, and the acoustical
circuit interacts with one another.

[0109] When the earphone 110 is mounted on the external
auditory meatus 10 of the examinee, the pressure in an
auditory tube 20 is changed by pulsation within the body.
Thus, an acoustic impedance of the acoustical circuit of the
earphone 110 changes, and thus the impedance of the
electrical circuit changes. Thus, according to embodiments
of the disclosure, a change in the impedance of the electrical
circuit is detected by inputting, as a driving signal voltage,
an alternating current (AC) signal having a certain frequency
to the electrical circuit of the earphone 110 and measuring a
current generated in the electrical circuit of the earphone
110.

[0110] When the temperature of the entire earphone 110 is
changed due to a change in the body temperature, a resis-
tance value of the impedance of the electrical circuit
changes. Thus, according to embodiments of the disclosure,
achange in the body temperature of the examinee is detected
by measuring an averaged change, over time, in the imped-
ance of the electrical circuit of the earphone 110 attached to
the ear of the examinee due to pulsation, and converting the
change, over time, in the impedance of the earphone 110 into
a change, over time, in the body temperature of the exam-
inee.

[0111] According to embodiments of the disclosure, the
biometric information may be detected noninvasively.
According to embodiments of the disclosure, the biometric
information may be collected when a user simply inserts the
electronic device 100 into the external auditory meatus 10.
Because the user inserts the electronic device 100 into the
external auditory meatus 10 when necessary, the user does
not need to perform a special action to collect the biometric
information. Thus, according to embodiments of the disclo-
sure, the biometric information may be detected noninva-
sively without requiring a user to perform an additional
action.

[0112] FIG. 2 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0113] Referring to FIG. 2, the electronic device 100
according to an embodiment of the disclosure may include
the earphone 110, a first circuit 120, a signal generator 130,
and a processor 140.

[0114] The earphone 110 transforms an electrical signal
into a sound wave signal and outputs the sound wave signal.
The earphone 110 may transform the electrical signal into
the sound wave signal by operating a vibration plate. The
earphone 110 may be referred to as an earphone receiver. For
example, the earphone 110 may be implemented as, for
example, a crystal receiver or a magnetic receiver. The
crystal receiver operates a vibration plate by using a piezo-
electric effect of a crystal device, and the magnetic receiver
operates a vibration plate by flowing a current corresponding
to an audio signal into a coil.
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[0115] The earphone 110 according to an embodiment of
the disclosure may include a first impedance component.
The first impedance component represents a sum of imped-
ance components that are generated by an analog device,
electric wires, and the like included in the earphone 110. The
first impedance component may be represented by a resis-
tance component and an inductance component.

[0116] The first circuit 120 includes at least one first
analog device and is electrically coupled to the first imped-
ance component of the earphone 110. The first analog device
may include at least one of a resistor, an inductor, or a
capacitor, or a combination thereof The first analog device
may have an impedance component. According to an
embodiment of the disclosure, the first circuit 120 may
include a plurality of first analog devices, and the plurality
of first analog devices may be connected to each other in
series or in parallel to constitute various circuit structures.
The first analog device is electrically coupled to the first
impedance component of the earphone 110, thereby consti-
tuting a resistance division circuit in which separate voltages
are respectively applied to the first analog device and the
first impedance component. The first circuit 120 may receive
a first AC signal from the signal generator 130 via a certain
node. In the first circuit 120, the voltage of the first AC signal
may be divided between the first impedance component and
the first analog device. At this time, the voltage of the first
AC signal may be divided according to a ratio between the
impedance component of the first analog device and the first
impedance component, and thus voltages obtained by the
division may be applied to the first analog device and the
first impedance component, respectively.

[0117] The first circuit 120 outputs a first detection signal
including a voltage component corresponding to the first
impedance component. The first impedance component of
the earphone 110 may be changed by a bio-signal. For
example, a pulse wave signal due to a heartbeat may be
transmitted to the vibration plate of the earphone 110, and
thus the first impedance component may change in connec-
tion with the pulse wave signal. As another example, the first
impedance component of the earphone 110 may be changed
by the body temperature. The first circuit 120 is electrically
coupled to the first impedance component and outputs a first
detection signal associated with the magnitude of the first
impedance component. As the first impedance component is
changed by the bio-signal, the value of the first detection
signal also changes in correspondence with a variation in the
first impedance component. Accordingly, the processor 140
may obtain biometric information by detecting the variation
in the first impedance component from the first detection
signal.

[0118] The first circuit 120 includes an analog-to-digital
converter (ADC), and performs analog-to-digital conversion
on a detection signal of the first circuit 120 to generate the
first detection signal having a digital form and output the
first detection signal to the processor 140.

[0119] The first circuit 120 may be electrically coupled to
the electrical circuit of the earphone 110 and provided on a
substrate. The first circuit 120 may be implemented as, for
example, a printed circuit board (PCB) or a flexible printed
circuit board (FPCB).

[0120] The signal generator 130 generates a first AC signal
having a first frequency. For example, the signal generator



US 2020/0187795 Al

130 may generate the first AC signal having the first fre-
quency by using a frequency modulation circuit, a voltage
division circuit, and the like.

[0121] According to an embodiment of the disclosure, the
first frequency, which is a frequency within an ultrasonic
range, may correspond to a frequency range that exceeds
about 20 kHz. According to embodiments of the disclosure,
noise due to the first AC signal may be prevented from being
output to the earphone 110, by using a frequency signal
within the ultrasonic range that exceeds an audible maxi-
mum limit range that is audible to human beings.

[0122] According to an embodiment of the disclosure, the
first frequency may be 20 kHz to 40 kHz. The first circuit
120 converts a certain signal by using the ADC. A signal
within the first circuit 120 has the first frequency of the first
AC signal. However, during analog-to-digital conversion,
signal sampling needs to be performed at a frequency that is
two or more times the first frequency. When the first
frequency is a frequency that exceeds 40 kHz, it is difficult
to implement the ADC. Thus, according to an embodiment
of the disclosure, the first frequency may be set to be 40 Hz
or less, and accordingly the first circuit 120 may be easily
configured.

[0123] The processor 140 controls all operations of the
electronic device 100. The processor 140 may include at
least one processor 140. The processor 140 may perform a
certain operation by executing an instruction or command
stored in a memory (not shown). The processor 140 may
control outputting or non-outputting of the first AC signal by
the signal generator 130, the intensity of the first AC signal,
the frequency of the first AC signal, and the like.

[0124] The processor 140 receives the first detection sig-
nal from the first circuit 120 and generates at least one piece
of biometric information. The first detection signal may have
a magnitude component and a phase component, and the
magnitude component and the phase component of the first
detection signal may change according to a bio-signal. The
processor 140 may extract the magnitude component and the
phase component from the first detection signal to obtain
biometric information. For example, the processor 140 may
obtain body temperature information from the magnitude
component of the first detection signal, and may obtain heart
rate information from the phase component of the first
detection signal.

[0125] According to an embodiment of the disclosure, the
electronic device 100 may further include an output inter-
face (not shown). The output interface outputs the biometric
information generated by the processor 140. The output
interface may correspond to, for example, a display or a
communication interface.

[0126] According to an embodiment of the disclosure, the
output interface may correspond to a communication intet-
face, and the electronic device 100 may transmit the bio-
metric information to an external device via the output
interface. For example, the electronic device 100 may trans-
mit the biometric information to a smailphone, which is a
main device, while communicating with the smailphone. As
another example, the electronic device 100 may transmit the
biometric information to an external server while commu-
nicating with the external server.

[0127] According to an embodiment of the disclosure, the
electronic device 100 may output the biometric information
via the earphone 110. The processor 140 may convert the
biometric information into audio data and output the bio-
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metric information via the earphone 110. For example, the
processor 140 may generate heart rate information, heart rate
abnormality information, body temperature information, and
body temperature abnormality information and output the
same to the earphone 110.

[0128] According to an embodiment of the disclosure, the
output interface may correspond to a display, and the elec-
tronic device 100 may output the biometric information via
the output interface. When the electronic device 100 is
implemented as, for example, a head mount display or smart
glasses, the processor 140 may generate biometric informa-
tion or bio-signal abnormality information as visual infor-
mation and output the biometric information or the bio-
signal abnormality information via a graphical user interface
(GUD).

[0129] FIG. 3 illustrates an equivalent circuit of a first
impedance component, a first circuit, and a signal generator
according to an embodiment of the disclosure.

[0130] Referring to FIG. 3, the earphone 110 includes a
first impedance component 310. The first impedance com-
ponent 310 may have a resistance R1 and an impedance
variation component Ar. The impedance variation Ar may be
generated according to the bio-signal.

[0131] The first circuit 120 includes at least one first
analog device 320. The first analog device 320 may include
an impedance component. For example, the first analog
device 320 may include a resistance component R2. The first
analog device 320 may include one or more analog devices,
and may have an impedance component that originates from
the one or more analog devices.

[0132] The signal generator 130 may generate and output
a first AC signal ei having a first frequency. The first AC
signal e1 has an AC voltage having a certain amplitude. The
first AC signal ei may be input to a first node N330 of the
first circuit 120. The signal generator 130 may also generate
a first AC signal that vibrates about a certain ground poten-
tial, and an end of the first impedance component 310 may
be connected to the certain ground potential. In other words,
an end of the signal generator 130 and the end of the first
impedance component 310 may have an electrically identi-
cal potential and accordingly may correspond to electrically
identical nodes. The other end of the first impedance com-
ponent 310 may be serially coupled to the first analog device
320. Accordingly, the voltage of the first AC signal ei may
be applied to both ends of a circuit where the first impedance
component 310 and the first analog device 320 are serially
coupled with each other.

[0133] The first impedance component 310 and the first
analog device 320 constitute a voltage division circuit.
Accordingly, as a voltage applied to both ends of the voltage
division circuit is divided, a second node N332 between the
first impedance component 310 and the first analog device
320 has a voltage ed corresponding to the first impedance
component 310 based on the certain ground potential.
Because the electronic device 100 detects a voltage of the
second node N332, the electronic device 100 may detect the
first impedance component 310 and may detect the imped-
ance variation Ar.

[0134] FIG. 4 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0135] Referring to FIG. 4, an electronic device 100a
includes the earphone 110, a first circuit 120qa, the signal
generator 130, and the processor 140. The first circuit 120a
includes a digital-to-analog converter (DAC) 410, the first
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analog device 320, an amplifier (Amp.) 412, a band pass
filter (BPF) 414, an ADC 416, and an orthogonal demodu-
lator 420. The electronic device 100a according to an
embodiment of the disclosure also includes an analog circuit
430 including the first analog device 320 and the first
impedance component 310 of the earphone 110. The first
analog device 320 has a fixed impedance component. The
first analog device 320 is a circuit including at least one of
a fixed resistor, a fixed inductor, or a fixed capacitor, or a
combination thereof

[0136] The signal generator 130 generates, as a driving
signal voltage that is input to the electrical circuit of the
earphone 110, an AC signal cos(2nxfixt) having a predeter-
mined frequency fi, where t indicates time (second). The AC
signal cos(2mxfixt) generated by the signal generator 130 is
input to the analog circuit 430 via the DAC 410.

[0137] The predetermined frequency fi may be a fre-
quency of 20 kHz or greater. When the predetermined
frequency fi is 20 kHz or greater, because sound having the
predetermined frequency fi is generally ultrasound inaudible
to human beings, the electronic device 100a may detect
biometric information without destroying an audio provid-
ing function of the earphone 110. The predetermined fre-
quency fi may be 40 kHz or less. Because a sampling
frequency of the ADC 416 to be described later needs to be
twice or more the predetermined frequency fi, when the
predetermined frequency fi is a frequency exceeding 40 kHz,
it 1s difficult to realize the ADC 416 having a sampling
frequency that is twice the predetermined frequency fi.

[0138] The DAC 410 performs digital-analog conversion
on the AC signal generated by the signal generator 130, and
inputs a result of the digital-analog conversion to the analog
circuit 430.

[0139] Referring to FIG. 4, the analog circuit 430 includes
the first analog device 320 serially connected to the first
impedance component 310 of the earphone 110. A first AC
signal obtained as an analog signal due to the digital-analog
conversion by the DAC 410 is input to the first impedance
component 310 via the first analog device 320. When a
voltage of the first AC signal is expressed by e, the
impedance of the first impedance component 310 of the
earphone 110 is expressed by R1, an impedance variation of
the first impedance component 310 due to detection of the
bio-signal is expressed by Ar, and the impedance of the first
analog device 320 is expressed by R2, a voltage e, of a point
b of an input terminal of the earphone 110 is calculated using
Equation 1.

_ Rl +Ar
S RIFRZ+A

Equation 1
ed

[0140] Assuming that R1=R2, the voltage e, is calculated
using Equation 2.

_ R1+Ar
TRl

Equation 2
€d

[0141] Because the impedance variation Ar of the first
impedance component 310 due to detection of the bio-signal
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is very small compared with the original impedance R1 of
the earphone 110, the voltage e, is calculated using Equation
3.

Rl +Ar
%= R

Equation 3
€i

[0142] In other words, the voltage e, varies in proportion
to R1+Ar. Thus, the electronic device 1004 according to an
embodiment of the disclosure detects the voltage e, propor-
tional to a sum of the original impedance R1 of the earphone
110 and the impedance variation Ar caused by the bio-signal,
in order to detect the impedance variation Ar caused by the
bio-signal.

[0143] First, the amplifier 412 amplifies the voltage e, of
the point b of the input terminal of the earphone 110, and
inputs an amplified voltage to the BPF 414.

[0144] Then, the BPF 414 uses the predetermined fre-
quency fi as a central frequency and removes noise other
than the predetermined frequency fi from the voltage e;. The
BPF 414 inputs, to the ADC 416, a voltage component from
which noise has been removed and which includes the
impedance variation Ar of the first impedance component
310 and is proportional to R1+Ar.

[0145] The ADC 416 performs analog-to-digital conver-
sion on the voltage component including the impedance
variation Ar and being proportional to R1+Ar, and inputs a
result of the analog-to-digital conversion to the orthogonal
demodulator 420.

[0146] The orthogonal demodulator 420 includes a mixer
421, a low pass filter (LPF) 424, a 90° phase shifter 418, a
mixer 422, and an LPF 426. The orthogonal demodulator
420 orthogonally demodulates the voltage component pro-
portional to R1+Ar output by the BPF 414, by using the AC
signal cos(2mxfixt) generated by the signal generator 130 as
a local signal, thereby generating an in-phase component I
and a quadrature phase component Q.

[0147] The mixer 421 mixes the AC signal cos(2mxfixt)
generated by the signal generator 130 with a signal output by
the ADC 416 and inputs a signal obtained by the mixing to
the LPF 424. The LPF 424 removes a high frequency
component from the signal output by the mixer 421, and
generates the in-phase component I.

[0148] The 90° phase shifter 418 90°-shifts the phase of
the AC signal cos(2mxfixt) generated by the signal generator
130, and inputs a 90°-shifted AC signal sin(2zxfixt) to the
mixer 422. The mixer 422 mixes the 90°-shifted AC signal
sin(2mxfixt) obtained by the 90° phase shifter 418 with the
signal output by the ADC 416 and inputs a signal corre-
sponding to a result of the mixing to the LPF 426. The LPF
426 removes a high frequency component from the signal
output by the mixer 422 and generates the quadrature phase
component Q.

[0149] FIG. 5 is a block diagram of a processor according
to an embodiment of the disclosure.

[0150] Referring to FIG. 5, the processor 140a calculates
an amplitude component A and a phase component 8 from
the in-phase component I and the quadrature phase compo-
nent Q generated by the orthogonal demodulator 420, and
calculates biometric information by using at least one of the
amplitude component A and the phase component 6. The
processor 140a includes a body temperature information
generator 510 and a heart rate information generator 530a.
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The body temperature information generator 510 and the
heart rate information generator 530a generate body tem-
perature information from the in-phase component I and the
quadrature phase component Q. The body temperature gen-
erator 510 includes an amplitude calculator 512, an average
value calculator 514, and a body temperature calculator 516.
The heart rate information generator 530q includes a phase
calculator 532, a detection filter 534, a fast Fourier trans-
former (FFT) 536, a peak frequency detector 538, and a
pulse calculator 540.

[0151] The amplitude calculator 512 sums a square of the
in-phase component I and a square of the quadrature phase
component Q, and calculates a square root of a sum to
thereby calculate the amplitude component A. The average
value calculator 514 calculates an average value of a rela-
tively long period (for example, at least several seconds or
at most several minutes) of the amplitude component A
calculated by the amplitude calculator 512. The body tem-
perature calculator 516 calculates a body temperature from
the average value calculated by the average value calculator
514. Specifically, the body temperature calculator 516 cal-
culates the body temperature by using a linear expression
using the average value calculated by the average value
calculator 514 as a parameter. An integer of the linear
expression is obtained in advance through an experiment.

[0152] The phase calculator 532 calculates the phase com-
ponent 6 by calculating an arctangent (tan™"(Q/I)) of a value
obtained by dividing the quadrature phase component Q by
the in-phase component 1. The detection filter 534 is a BPF
using a frequency including a target bio-signal (pulse in the
example of FIG. 5) as a central frequency, and emphasizes
a desired frequency (frequency of the pulse in the example
of FIG. 5) from the phase component 6 calculated by the
phase calculator 532. The FFT 536 performs fast Fourier
transformation on a signal output by the detection filter 534
and inputs a signal obtained by the fast Fourier transforma-
tion to the peak frequency detector 538. The peak frequency
detector 538 detects a frequency fp having largest power
from the signal received from the FFT 536. Next, the pulse
calculator 540 calculates a pulse (the number of pulse
waves) for one minute by multiplying the frequency fp [ Hz
] detected by the peak frequency detector 538 by 60, thereby
calculating a heart rate for one second.

[0153] FIG. 6 is a block diagram of a processor according
to an embodiment of the disclosure.

[0154] Referring to FIG. 6, a processor 1405 includes a
body temperature information generator 510 and a heart rate
information generator 5305. The body temperature informa-
tion generator 510 is the same as that described above with
reference to FIG. 5. The heart rate information generator
5304 includes the phase calculator 532, the detection filter
534, a Schmitt trigger 610, an interval average calculator
620, and the pulse calculator 540. The description of com-
ponents of FIG. 6 which are the same as those of FIG. 5 is
omitted herein.

[0155] The Schmitt trigger 610 binarizes the signal output
by the detection filter 534. Then, the interval average cal-
culator 620 calculates an average value Ti by averaging a
waveform period of a binarized signal obtained by the
Schmitt trigger 610 in a predetermined time interval (for
example, a time interval of several seconds to about 10
seconds). The pulse calculator 540 calculates a pulse (the
number of pulse waves) for one minute by multiplying a
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reciprocal of the average value Ti [second] calculated by the
interval average calculator 620 by 60.

[0156] FIG. 7 illustrates an example 710 of a waveform
representing a change, over time, in an amplitude compo-
nent A generated by a processor, and an example 720 of a
waveform representing a change, over time, in a phase
component 0 generated by the processor according to an
embodiment of the disclosure.

[0157] The vertical axis of the graph of FIG. 7 indicates
the amplitude component A or the phase component 8, and
the horizontal axis thereof indicates time (second).

[0158] FIG. 8 illustrates an example 810 of a spectrum of
an amplitude component A generated by a processor accord-
ing to an embodiment of the disclosure, and an example 820
of a spectrum of a phase component 6 generated by the
processor.

[0159] FIG. 9 illustrates an example 910 of a waveform
representing a change, over time, in an amplitude compo-
nent A having passed through a detection filter of a proces-
sor, and an example 920 of a waveform representing a
change, over time, in a phase component 8 having passed
through the detection filter of the processor according to an
embodiment of the disclosure.

[0160] The vertical axis of FIG. 9 indicates the amplitude
component A or the phase component 8, and the horizontal
axis thereof indicates time (second).

[0161] FIG. 10 illustrates an example 1010 of a spectrum
of an amplitude component A having passed through a
detection filter of a processor, and an example 1020 of a
spectrum of a phase component 0 having passed through the
detection filter of the processor according to an embodiment
of the disclosure.

[0162] Referring to FIGS. 7 and 8, the examples 720 and
820 associated with the phase component 0 generated by the
processors 140a and 1405 more clearly represent pulse
waves than the examples 710 and 810 associated with the
amplitude component A generated by the processors 140a
and 1405 do.

[0163] Referring to FIGS. 9 and 10, because noise other
than the central frequency is removed by the detection filter
534, the examples 920 and 1020 associated with the phase
component 0 more clearly represent pulse waves, and
clearly represent a component including a peak frequency
even after fast Fourier transformation is performed.

[0164] In the above-described electronic device 100
according to an embodiment of the disclosure, an AC signal
having the predetermined frequency fi is input to the analog
circuit 430 including the first impedance component 310 of
the earphone 110, and thus the analog circuit 430 outputs a
voltage including the voltage component corresponding to
the impedance variation of the earphone 110. Accordingly,
the above-described electronic device 100 may calculate
biometric information, based on the impedance variation
caused by a bio-signal, such as a pulse wave or a body
temperature, of a human body wearing the earphone 110.
Thus, the electronic device 100 according to an embodiment
of the disclosure may detect the biometric information while
providing sound waves corresponding to an audio signal.
[0165] Because the frequency of a pulse wave is about
several Hz and the size thereof is very small, it is difficult to
detect the pulse wave. According to embodiments of the
disclosure, even when an amplifier having a high amplifi-
cation factor at a frequency close to a direct current (DC) is
not used, the impedance variation caused by the bio-signal
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of the human body wearing the earphone 110 may be
detected. Therefore, according to embodiments of the dis-
closure, a large coil and a condenser are not needed to realize
an amplifier having a high amplification factor. Accordingly,
according to embodiments of the disclosure, a circuit may be
formed to have a small and simple structure.

[0166] In addition, according to embodiments of the dis-
closure, because the predetermined frequency fi is a fre-
quency having 20 kHz or greater, ultrasound waves of 20
kHz or greater that is inaudible to human being may be input
to the electrical circuit of the earphone 110 via the analog
circuit 430, and the biometric information may be detected
without destroying an audio providing function of the ear-
phone 110.

[0167] According to embodiments of the disclosure,
because the predetermined frequency fi is less than or equal
to 40 kHz, difficulty in realizing the ADC 416 having a
sampling frequency that is twice the predetermined fre-
quency fi may be prevented.

[0168] According to embodiments of the disclosure, the
BPF 414 may remove noise other than the predetermined
frequency fi from the voltage e, that is applied to the first
impedance component 310. In other words, the BPF 414 is
able to input, to the ADC 416, a voltage component from
which noise has been removed and which is proportional to
R1+Ar including the impedance variation Ar, leading to an
increase in a signal-to-noise ratio (SNR) of the first detection
signal.

[0169] According to embodiments of the disclosure, the
analog circuit 430 is configured using the first impedance
component 310 of the earphone 110 and the first analog
device 320 being a fixed impedance component serially
connected to the first impedance component 310, thereby
having a simple structure.

[0170] According to embodiments of the disclosure, the
orthogonal demodulator 420 orthogonally demodulates the
signal output by the BPF 414 by using the AC signal
generated by the signal generator 130 as a local signal, and
thus the in-phase component I and the quadrature phase
component Q are generated, the processor 140 calculates the
amplitude component A and the phase component 8 from the
in-phase component I and the quadrature phase component
Q, and the biometric information is calculated using at least
one of the amplitude component A or the phase component
0. Thus, the biometric information may be calculated based
on the impedance variation Ar of the earphone 110.

[0171] Next, a first circuit according to another embodi-
ment of the disclosure will be described with reference to
FIGS. 11 and 12.

[0172] FIG. 11 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0173] FIG. 12 is a schematic circuit diagram of an analog
circuit according to an embodiment of the disclosure.
[0174] Referring to FIG. 11, the electronic device 100
according to another embodiment of the disclosure includes
the earphone 110, a first circuit 1205, the signal generator
130, and the processor 140. The first circuit 1205 includes a
DAC 1120, a 180° phase shifter 1124, a DAC 1122, and the
analog circuit 1110, and thus the electronic device 100 of
FIG. 11 is different from the electronic device 100 of FIG.
4. Like reference numerals or characters are assigned to
components of the electronic device 100 of FIGS. 11 and 12
corresponding to those of the electronic device 100 of FIG.
4, and repeated descriptions thereof will be omitted.
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[0175] Referring to FIG. 11, the AC signal generated by
the signal generator 130 is transmitted along different paths,
one path thereof leading to the DAC 1120 and the other path
leading to the 180° phase shifter 1124. The DAC 1120
performs digital-to-analog conversion on the AC signal
generated by the signal generator 130, and inputs a result of
the digital-analog conversion to the analog circuit 1110. The
180° phase shifter 1124 180°-shifts the phase of the first AC
signal generated by the signal generator 130, and inputs an
AC signal having a 180°-shifted phase to the DAC 1122.
The DAC 1122 performs digital-to-analog conversion on the
AC signal having a 180°-shifted phase, and inputs a result of
the digital-to-analog conversion to the analog circuit 1110.

[0176] Referring to FIG. 12, the analog circuit 1110 is a
bridge circuit. The bridge circuit includes the first imped-
ance component 310, being the impedance of the earphone
110, a second impedance 1114, a third impedance 1116, and
a fourth impedance 1112. Each of the second impedance
1114, the third impedance 1116, and the fourth impedance
1112 may correspond to at least one analog device (for
example, at least one of a resistor, a capacitor, or an inductor,
or a combination thereof). The second impedance 1114, the
third impedance 1116, and the fourth impedance 1112 are
fixed impedances. A fixed impedance is a circuit including
at least one of a fixed resistor, a fixed inductor, or a fixed
capacitor, or a combination thereof

[0177] Given that the voltage of the first AC signal is ei,
a half of the first AC signal,+e,/2, is input from the signal
generator 130 to a first node (node a) between the first
impedance 310 and the fourth impedance 1112, and a half of
an inversion signal obtained by inverting the phase of the
first AC signal,—e;/2, is input to a second node (node b)
between the second impedance 1114 and the third imped-
ance 1116. Accordingly, a sinusoidal voltage of an amplitude
ei is input between the nodes a and b of the bridge circuit.

[0178] Given that the first impedance 310 being an imped-
ance of the earphone 110 is R1, the impedance variation of
the first impedance 310 due to detection of the bio-signal is
Ar, the impedance of the second impedance 1114 is R2, the
impedance of the third impedance 1116 is R3, and the
impedance of the fourth impedance 1112 is R4, a voltage Ae
between a node ¢ and a node d of the bridge circuit is
calculated using Equation 4.

(1 ARy R2R4 Equation 4

¥
Ae = R1/ RIR3

N R2+1€"
(e 7+ 7l +Y)

[0179] Assuming that R4=R1 and R3=R2, the voltage Ae
is calculated using Equation 5.

Ar Equation 5
__ Rl _ A
Ae= (2+ g)lze‘ T AR+ A
Rl
[0180] Because the impedance variation Ar of the first

impedance component 310 due to detection of the bio-signal
is very small compared with the original impedance R1 of
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the earphone 110, the voltage Ae is calculated using Equa-
tion 6 below.

Ar Equation 6

[0181] In other words, the voltage Ae varies in proportion
to Ar. Thus, the electronic device 100 according to another
embodiment of the disclosure detects the voltage Ae pro-
portional to Ar that originates from the bio-signal.

[0182] First, the amplifier 412 amplifies the voltage Ae
between the nodes ¢ and d of the bridge circuit, and inputs
an amplified voltage Ae to the BPF 414.

[0183] Then, the BPF 414 uses the predetermined fre-
quency fi as the central frequency and removes noise other
than the predetermined frequency fi from the voltage Ae.
The BPF 414 inputs a noise-removed voltage Ae to the ADC
416. Then, the ADC 416 converts the noise-removed voltage
Ae into a digital signal, and the orthogonal demodulator 420
generates the in-phase component I and the quadrature phase
component Q. Next, the processor 140 calculates the bio-
metric information, based on the in-phase component I and
the quadrature phase component Q.

[0184] The above-described electronic device 100 accord-
ing to another embodiment of the disclosure obtains the
same effects as the electronic device 100 of FIG. 4. More-
over, because the analog circuit 1110 is a bridge circuit, the
above-described electronic device 100 may input the voltage
Ae proportional to the impedance variation Ar caused by the
bio-signal to the BPF 414 and may more precisely detect
biometric information.

[0185] In the electronic device 100 of FIG. 4, the voltage
e, proportional to the sum of the original impedance R1 of
the earphone 110 and the impedance variation Ar caused by
the bio-signal is input to the BPF 414. Because the imped-
ance variation Ar is very small compared with the original
impedance R1 of the earphone 110, a variation in the voltage
e, that accompanies a change in Ar is very small, and a
detection sensitivity is low. However, in the electronic
device 100 of FIGS. 11 and 12, the voltage Ae proportional
to only the impedance variation Ar caused by the bio-signal
is input to the BPF 414, and thus a change in Ar and a
variation in the voltage Ae become equal. Therefore, bio-
metric information may be more precisely detected.

[0186] Next, another embodiment of the disclosure will be
described with reference to FIG. 13.

[0187] FIG. 13 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0188] Referring to FIG. 13, the electronic device 100 is
different from the electronic device 100 of FIG. 4 in that a
first circuit 120c, a DAC 410, a differential amplifier 1322,
and an analog circuit 1310 are included. Like reference
numerals or characters are assigned to components of the
electronic device 100 of FIG. 13 corresponding to those of
the electronic device 100 of FIG. 4, and repeated descrip-
tions thereof will be omitted.

[0189] Referring to FIG. 13, the first AC signal generated
by the signal generator 130 is input to the DAC 410. The
DAC 410 performs digital-to-analog conversion on the first
AC signal generated by the signal generator 130, and inputs
a result of the digital-to-analog conversion to the analog
circuit 1310.
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[0190] Referring to FIG. 13, the analog circuit 1310 is a
bridge circuit. The bridge circuit includes the first imped-
ance component 310, being the impedance of the earphone
110, a second impedance 1312, a third impedance 1314, and
a fourth impedance 1316.

[0191] The second impedance 1312, the third impedance
1314, and the fourth impedance 1316 are fixed impedances.
A fixed impedance is a circuit including at least one of a
fixed resistor, a fixed inductor, or a fixed capacitor, or a
combination thereof

[0192] Given that the voltage of the first AC signal is+ei,
the voltage+ei of the first AC signal is input from the signal
generator 130 to a first node (node a) between the second
impedance 1312 and the third impedance 1314, and a second
node (node b) between the first impedance 310 and the
fourth impedance 1316 is grounded. Accordingly, a sinusoi-
dal voltage of an amplitude e, is input between the nodes a
and b of the bridge circuit.

[0193] Similar to the analog circuit 1110 of FIGS. 11 and
12, a voltage Ae between nodes ¢ and d the analog circuit
1310 of FIG. 13 varies in proportion to the impedance
variation Ar of the first impedance 310 due to detection of
the bio-signal. Thus, the electronic device 100 according to
various embodiments of the disclosure detects the voltage
Ae proportional to Ar that originates from the bio-signal.
[0194] The differential amplifier 1322 detects the voltage
Ae by taking a differential value between an input voltage at
the node ¢ between the second impedance 1312 and the first
impedance 310 and an input voltage at the node d between
the third impedance 1314 and the fourth impedance 1316.
The differential amplifier 1322 amplifies the voltage Ae and
inputs an amplified voltage Ae to the BPF 414. Subsequent
processes are the same as those of FIG. 11, and thus detailed
descriptions thereof will be omitted.

[0195] In the above-described electronic device 100 of
FIG. 13 according to another embodiment of the disclosure,
the same effects as those of the electronic device 100 of
FIGS. 11 and 12 are obtained, and, because the first AC
signal is input from the signal generator 130 to between the
second impedance 1312 and the third impedance 1314, and
the node between the first impedance 310 and the fourth
impedance 1316 is grounded, a single AC signal is input
from the signal generator 130 to the bridge circuit of the
analog circuit 1310. Accordingly, compared with the elec-
tronic device 100 of FIG. 11 in which two AC signals,
namely, the half of the AC signal+e/2 and the half of the
inversion signal obtained by inverting the AC signal, —e,/2,
are input to the bridge circuit of the analog circuit 1110, in
the embodiment of FIG. 13, phase adjustment enabling a
phase difference of two AC signals to be accurately 180° is
unnecessary, and biometric information may be detected
more easily and more precisely.

[0196] Next, another embodiment of the disclosure will be
described with reference to FIG. 14.

[0197] FIG. 14 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0198] Referring to FIG. 14, the electronic device 100
according to the embodiment is different from the embodi-
ment of FIG. 4 in that a first circuit 1204 includes an
envelope detector 1416, a condenser 1418, an amplifier
1420, an ADC 1422, a pulse calculator 405 as a biometric
information calculator, an LPF 1424, and an ADC 1426. The
embodiment is also different from the embodiment of FIG.
4 in terms of a first detection signal that is input to the
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processor 140. Accordingly, operations of a heart rate cal-
culator 1430 and a body temperature calculator 1432 of the
processor 140 are different from the processor 140 of FIG.
4. Like reference numerals or characters are assigned to
components of the electronic device 100 of FI1G. 14 corre-
sponding to those of the electronic device 100 of FIG. 4, and
repeated descriptions thereof will be omitted.

[0199] Inthe electronic device 100 of FIG. 4, the signal e,
input from the analog circuit 430 to the BPF 414 via the
amplifier 412 includes the voltage component proportional
to the impedance R1 of the original first impedance com-
ponent of the earphone 110 in addition to the voltage
component proportional to Ar originating from the bio-
signal. Moreover, because the impedance variation Ar
among the first impedance component is very small com-
pared with the original impedance R1 of the earphone 110,
a variation in the voltage e, that accompanies a change in Ar
becomes very small, and thus a detection sensitivity is low.

[0200] Accordingly, in the electronic device 100, first, the
envelope detector 1416 detects an envelope of the signal
output by the BPF 414. The envelope detector 1416 enve-
lope-detects the voltage change ed of the node b to obtain an
amplitude change component AA and a DC component DC.
For example, the envelope detector 1416 receives an AC
signal 1442, and outputs a signal representing an envelope
1444 of the received AC signal 1442. The signal output by
the envelope detector 1416 is transmitted along two paths.

[0201] On one path, the condenser 1418 removes a DC
component of an envelope detection signal output by the
envelope detector 1416. The DC component of the envelope
detection signal corresponds to the voltage component pro-
portional to the original impedance R1 of the earphone 110.
Accordingly, due to the removal of the DC component of the
envelope detection signal by the condenser 1418, the voltage
component proportional to the impedance variation Ar origi-
nating from the bio-signal is extracted from the envelope
detection signal. A signal output by the condenser 1418 is
amplified by the amplifier 1420 and converted into a digital
signal by the ADC 1422. The digital signal output by the
ADC 1422 corresponds to the amplitude component A
generated by the processor 140 of FIG. 4. As shown in FIGS.
7 and 8, the phase component 6 generated by the processor
140 represents a pulse wave better than the amplitude
component A generated by the processor 140. According to
the embodiment of the disclosure, a pulse may be calculated
using the same method even when the amplitude component
A instead of the phase component 6 is used. The heart rate
calculator 1430 calculates a pulse, based on the signal output
by the ADC 1422, by using the same method as that used in
the processor 140 of FIG. 4.

[0202] On the other path, the LPF 1424 transmits the DC
component of the envelope detection signal output by the
envelope detector 1416. As described above, the DC com-
ponent of the envelope detection signal corresponds to the
voltage component proportional to the original impedance
R1 of the earphone 110. For example, because the body
temperature of the examinee wearing the earphone 110
changes, the temperature of the entire earphone 110 changes,
and the original impedance R1 of the earphone 110 also
changes. Accordingly, biometric information, such as a body
temperature may be detected based on the DC component of
the envelope detection signal output by the envelope detec-
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tor 1416, which corresponds to the voltage component
proportional to the original impedance R1 of the earphone
110.

[0203] The ADC 1426 converts the DC component of the
envelope detection signal output by the LPF 1424 into a
digital signal. The digital signal output by the ADC 1426
corresponds to an average of a relatively long period (for
example, at least several seconds or greater or at most
several minutes) of the amplitude component A generated by
the processor 140 of FIG. 4. Accordingly, the body tem-
perature calculator 1432 calculates a body temperature,
based on the digital signal output by the ADC 1426, by using
the same method as that used in the processor 140 of FIG.
4.

[0204] In the above-described electronic device 100 of
FIG. 14 according to another embodiment of the disclosure,
the same effects as those of the electronic device 100 of FIG.
4 are obtained, and, because the condenser 1418 removes the
DC component of the envelope detection signal, the bio-
metric information may be calculated by extracting the
impedance variation Ar of the earphone 110 caused by the
bio-signal. Therefore, the above-described electronic device
100 of FIG. 14 may more precisely detect the biometric
information.

[0205] Moreover, because the DC component of the enve-
lope detection signal is extracted by the LPF 1424, the
above-described electronic device 100 of FIG. 14 may
calculate the biometric information, based on a change in the
DC component caused by the bio-signal.

[0206] Next, another embodiment of the disclosure will be
described with reference to FIG. 15.

[0207] FIG. 15 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0208] Referring to FIG. 15, the electronic device 100
according to another embodiment of the disclosure is dif-
ferent from the electronic devices 100 according to the
embodiments of FIGS. 4, 11, 13, and 14 in that a first circuit
120¢, a DAC 410, and a high pass filter (HPF) 1510 is
included. Like reference numerals or characters are assigned
to components of the electronic device 100 of FIG. 15
corresponding to those of the electronic device 100 of FIG.
4, and repeated descriptions thereof will be omitted. An
analog circuit 1520 of the electronic device 100 of FIG. 15
corresponds to each of the analog circuits 430, 1110, and
1310 of FIGS. 4, 11, 13, and 14.

[0209] The HPF 1510 has a cutoff frequency of the pre-
determined frequency fi and transmits a higher frequency
than the predetermined frequency fi. An audio signal output
by an audio player, such as an audio apparatus is input to the
earphone 110 via the HPF 1510. In other words, the HPF
1510 inputs to the earphone 110 an audio signal from which
a frequency component less than or equal to the predeter-
mined frequency fi has been removed. The audio signal
indicates an electrical analog signal representing audio data.
The audio signal is input to the earphone 110, and the
earphone 110 transforms the audio signal into a sound wave
signal and outputs the sound wave signal.

[0210] Likewise the embodiment of FIG. 4, the predeter-
mined frequency fi may be a frequency of at least 20 kHz
being a lower limit frequency of an ultrasound wave that is
generally inaudible to human beings. When the predeter-
mined frequency fi is a frequency of 20 kHz or greater, the
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HPF 1510 may input, to the earphone 110, an audio data
signal from which ultrasound waves being a noise compo-
nent have been removed.

[0211] The HPF 1510 removes a frequency component
less than or equal to the predetermined frequency fi from the
audio data signal. Accordingly, even when the audio data
signal is input from the audio player, such as an audio
apparatus to the earphone 110, a first AC signal cos(2mxfixt)
having the predetermined frequency fi is input to the ear-
phone 110 via the analog circuit 1520, and thus the fre-
quency component of the audio data signal may be pre-
vented from interfering in detecting the impedance variation
Ar caused by the bio-signal of the earphone 110.

[0212] In the above-described electronic device 100 of
FIG. 15 according to another embodiment of the disclosure,
the same effects as those of the electronic devices 100 of
FIGS. 4, 11, 13, and 14 are obtained, and the HPF 1510
removes, from the audio data signal output by the audio
player, such as an audio apparatus, a nose component of the
audio signal corresponding to the frequency component less
than or equal to the predetermined frequency fi of the first
AC signal generated by the signal generator 130. Accord-
ingly, the frequency component of the audio data signal may
be prevented from interfering in detection of the impedance
variation Ar caused by the bio-signal of the earphone 110
that 1s performed due to the inputting of the first AC signal
having the predetermined frequency fi to the analog circuit
1520. Thus, according to the embodiment of the disclosure,
the electronic device 100 may more precisely detect bio-
metric information while providing the audio signal.
[0213] Because the frequency of a pulse wave is about
several Hz, it is difficult to be separated from a low fre-
quency component included in audio data, such as sound or
music. Thus, when the embodiment is not applied, it is
difficult to detect biometric information, such as a pulse
wave, while providing an audio signal, such as sound or
music.

[0214] Because the frequency of a pulse wave is about
several hertz (Hz) and is weak, an amplifier having a high
amplification factor is necessary at a frequency close to a
DC. However, a large coil and a condenser are needed to
realize such an amplifier. Because a condenser is unable to
be used for end-to-end coupling of a low frequency ampli-
fication circuit, a voltage offset countermeasure of an ampli-
fier is necessary, and a circuit is prone to be large and
complicated.

[0215] To address this problem, the embodiment provides
the electronic device 100 capable of detecting biometric
information while providing audio.

[0216] Next, another embodiment of the disclosure will be
described with reference to FIG. 16.

[0217] FIG. 16 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0218] Referring to FIG. 16, the electronic device 100
according to the embodiment is different from the electronic
device 100 of FIG. 13 in terms of the structure of an analog
circuit 1610 and a first circuit 120f Like reference numerals
or characters are assigned to components of the electronic
device 100 of FIG. 16 corresponding to those of the elec-
tronic device 100 of FIG. 13, and repeated descriptions
thereof will be omitted.

[0219] In the example of FIG. 16, an audio signal is input
from an audio player 1612, such as an audio apparatus to a
right-ear earphone and a left-ear earphone, and the electronic
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device 100 detects a variation Ar caused by a bio-signal of
an impedance 310a of the right-ear earphone. According to
another embodiment of the disclosure, the electronic device
100 may detect a variation Ar caused by a bio-signal of an
impedance 3105 of the left-ear earphone. In this case, the
analog circuit 1610 includes the impedance 3105 of the
left-ear earphone instead of the impedance 310a of the
right-ear earphone. An audio signal may be input from the
audio player 1612 to an earphone 110 for only one ear (also
referred to as a monaural earphone), and the electronic
device 100 may detect an impedance variation Ar caused by
a bio-signal of the earphone 110 for only one ear. In this
case, the analog circuit 1610 includes the impedance of the
earphone 110 for only one ear instead of the impedance 310a
of the right-ear earphone.

[0220] Referring to FIG. 16, the analog circuit 1610 is a
bridge circuit. The bridge circuit includes the first imped-
ance component 310qa, being the impedance of the right-ear
earphone, a second impedance 1622, a third impedance
1624, and a fourth impedance 1626. The second impedance
1622, the third impedance 1624, and the fourth impedance
1626 are fixed impedances. A fixed impedance is a circuit
including at least one of a fixed resistor, a fixed inductor, or
a fixed capacitor, or a combination thereof

[0221] Given that the voltage of the first AC signal is+e,,
the voltage+e; of the first AC signal is input from the signal
generator 130 to a first node (node a) between the second
impedance 1622 and the third impedance 1624, and the first
impedance 310a and the fourth impedance 1626 are
grounded. In other words, a node ¢ of the bridge circuit is
grounded via the first impedance 310qa, and a node d of the
bridge circuit is grounded via the fourth impedance 1626.
Accordingly, a sinusoidal voltage of the amplitude e, is input
between the node a of the bridge circuit and ground points
of the first impedance 310a and the fourth impedance 1626.
[0222] Likewise the analog circuit 1310 of FIG. 13, a
voltage Ae between nodes ¢ and d the analog circuit 1610 of
FIG. 16 varies in proportion to the impedance variation Ar
of the first impedance 310a due to detection of a bio-signal.
Thus, the electronic device 100 according to the embodi-
ment detects the voltage Ae proportional to Ar that originates
from the bio-signal.

[0223] The differential amplifier 1322 detects the voltage
Ae by taking a differential value between an input voltage at
the node ¢ between the second impedance 1622 and the first
impedance 310a and an input voltage at the node d between
the third impedance 1624 and the fourth impedance 1626.
The differential amplifier 1322 amplifies the voltage Ae and
inputs an amplified voltage Ae to the BPF 414. Subsequent
processes are the same as those of FIGS. 4 and 11, and thus
detailed descriptions thereof will be omitted.

[0224] According to the embodiment of the disclosure, the
audio signal input from the audio player 1612 to the right-ear
earphone is input between the second impedance 1622 and
the first impedance 310a and is also input between the third
impedance 1624 and the fourth impedance 1626.

[0225] The electronic device 100 according to the embodi-
ment further includes a first buffer 1614, a second buffer
1616, a first resistor R11, a second resistor R12, and a third
resistor R13.

[0226] According to an embodiment of the disclosure, the
first resistor R11, the second resistor R12, and the third
resistor R13 have the same resistance values. According to
an embodiment of the disclosure, condensers or inductors
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may be used instead of the first resistor R11, the second
resistor R12, and the third resistor R13. According to an
embodiment of the disclosure, the first buffer 1614 and the
second buffer 1616 are buffer circuits having the same
structures and the same properties, for example, voltage
follower circuits.

[0227] The audio player 1612 outputs an analog audio
signal for right ears to the right-ear earphone via the first
buffer 1614 and either the first resistor R11 or the second
resistor R12. The audio player 1612 outputs an analog audio
signal for left ears to the left-ear earphone via the second
buffer 1616 and the third resistor R13. An output side of the
first resistor R11 is coupled to the node ¢ of the bridge circuit
and an output side of the second resistor R12 is coupled to
the node d of the bridge circuit. Accordingly, an audio signal
input from the audio player 1612 to the right-ear earphone
is input between the second impedance 1622 and the first
impedance 310a and is also input between the third imped-
ance 1624 and the fourth impedance 1626. In other words,
the audio signal 1s added to the input voltage input from
between the second impedance 1622 and the first impedance
310q to the differential amplifier 1322 and the input voltage
input from between the third impedance 1624 and the fourth
impedance 1626 to the differential amplifier 1322.

[0228] Because the differential amplifier 1322 takes a
differential value between the input voltage at the node ¢
between the second impedance 1622 and the first impedance
310a and the input voltage at the node d between the third
impedance 1624 and the fourth impedance 1626, an audio
signal included in the input voltage between the second
impedance 1622 and the first impedance 310a and an audio
signal included in the input voltage between the third
impedance 1624 and the fourth impedance 1626 are offset by
each other. Accordingly, an output of the differential ampli-
fier 1322 does not include a voltage component originating
from the audio signal, and thus biometric information may
be detected more precisely.

[0229] FIG. 17 illustrates an example 1710 of the wave-
form of a detection signal of a pulse wave output by a
processor of an electronic device when no audio signals are
output by an audio player, and an example 1720 of the
waveform of a detection signal of a pulse wave output by the
processor of the electronic device when an audio signal is
output by the audio player according to an embodiment of
the disclosure. The vertical axis of FIG. 17 indicates a phase
(degree), and the horizontal axis thereof indicates time
(second). One-dot dashed lines of FIG. 17 indicate the
waveforms of the detection signals of the pulse waves.
[0230] Referring to FIG. 17, in the electronic device 100
of FIG. 16, even when an audio signal is output from the
audio player 1612 to the right-ear earphone, the biometric
information, such as a pulse may be detected to the same
degree as that when no audio signals are output from the
audio player 1612 to the right-ear earphone, based on the
variation Ar of the impedance 310a of the right-ear ear-
phone.

[0231] In the electronic device 100 of FIG. 16, the same
effects as those of the electronic device 100 of FIG. 13 are
obtained, and, when the differential amplifier 1322 takes a
differential value between the input voltage between the
second impedance 1622 and the first impedance 310a and
the input voltage between the third impedance 1624 and the
fourth impedance 1626, the audio signal included in the
input voltage between the second impedance 1622 and the

Jun. 18, 2020

first impedance 310a and the audio signal included in the
input voltage between the third impedance 1624 and the
fourth impedance 1626 are offset by each other. Accord-
ingly, an output of the differential amplifier 1322 does not
include a voltage component originating from the audio
signal, and thus biometric information may be detected more
precisely.

[0232] To remove the voltage component originating from
the audio signal, a HPF or the like using the predetermined
frequency fi as a cutoff frequency, like the HPF 1510 of FIG.
15, is not needed between the audio player 1612 and the
analog circuit 1610. Accordingly, degradation of the sound
quality of an audio signal output by the earphone 110 due to
the use of the HPF is prevented.

[0233] According to the embodiment of the disclosure,
because the first resistor R11, the second resistor R12, and
the third resistor R13 have the same resistance values and
the first buffer 1614 and the second buffer 1616 are buffer
circuits having the same structures and the same properties,
a balance between a right-ear audio signal and a left-ear
audio signal output by the audio player 1612 is maintained.
Accordingly, a stereo audio signal may be output by the
right-ear earphone and the left-ear earphone.

[0234] When the first buffer 1614 and the second buffer
1616 are, for example, voltage follower circuits, the imped-
ance of an audio signal is transformed such that a current
value of the audio signal is increased by the first buffer 1614
and the second buffer 1616. Accordingly, for example, even
when the current value of the audio signal output by the
audio player 1612 is not enough to drive the bridge circuit
of the analog circuit 1610, the audio signal may be more
securely added to the input voltages of the nodes ¢ and d of
the bridge circuit.

[0235] FIG. 18 illustrates an analog circuit according to an
embodiment of the disclosure.

[0236] FIGS. 19 and 20 are circuit diagrams illustrating an
analog circuit of FIG. 18 according to various embodiments
of the disclosure.

[0237] Referring to FIG. 18, an analog circuit 1810
according to the embodiment is a modification of the analog
circuit 1310 of FIG. 13.

[0238] In the analog circuit 1310 of FIG. 13, each of an
impedance R1+Ar of the first impedance 310, an impedance
R2 of the second impedance 1312, an impedance R3 of the
third impedance 1314, and an impedance R4 of the fourth
impedance 1316 is an impedance that may include an
imaginary component. Accordingly, instead of R1+Ar, R2,
R3, and R4 of FIGS. 13, Z1+Az, 72, 73, and 74 are used in
FIGS. 19 and 20. Because the first impedance 310 is an
impedance of the earphone 110, as shown in FIG. 19, the
first impedance 310 may be expressed as a serial circuit
between the resistance of a resistance value R_1 and the
inductance of an inductance value L_1. For example, the
resistance value R_1 is about several tens of Q, and the
inductance value L_1 is about several tens of uH to about
several hundreds of pH.

[0239] Inthe analog circuit 1810, to satisfy a precondition
71=74 of Equation 5, as shown in FIG. 20, a fourth
impedance 1826 also needs to be formed as a serial circuit
between the resistance of the resistance value R_1 and the
inductance of the inductance value L_1.

[0240] Referring to FIG. 20, a second impedance 1822
may include a resistance having the resistance value R_2,
and a third impedance 1824 may include a resistance having
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the resistance value R_3 that is the same as the resistance
value R_2. In other words, the fourth impedance 1826 needs
to be an impedance of an earphone 110 of the same product
as the earphone 110 corresponding to the first impedance
310. However, when an earphone 110 of the same product
as the earphone 110 corresponding to the first impedance
310 is prepared, costs are greatly increased, and it is difficult
to mount the analog circuit 1810 on a small substrate that is
used in mobile apparatuses. Thus, this case is unrealistic.

[0241] To satisfy Z1=74, a method of forming the fourth
impedance 1826 with a resistance component and an induc-
tance component may be considered. However, even when
an inductance of several tens of uH is formed as a chip
inductance, because it has a relatively large size, it is difficult
to mount the analog circuit 1810 on a small substrate that is
used in mobile apparatuses.

[0242] Accordingly, in the analog circuit 1810, as shown
in FIG. 18, the first impedance 310 is formed as a serial
circuit between the resistance of the resistance value R_1
and the inductance of the inductance value L_1, the second
impedance 1822 is formed as the resistance having the
resistance value R_2, the third impedance 1824 is formed as
a parallel circuit between the resistance having the resistance
value R_3 and a condenser of a capacity C_3, and the fourth
impedance 1826 is formed as a resistance having the resis-
tance value R_4.

[0243] Assuming that Z2/71=73/74 instead of Z1=74 and
72=73, as an equilibrium condition of the bridge circuit
being the analog circuit 1810, is satisfied, Equation 7 below
is established.

R2 R3
R1+joL 1 R 4#(l+jwC3+R 3)

Equation 7

[0244] Respective equations for the real part and the
imaginary part of Equation 7 are expressed as Equations 8
and 9, respectively.

R 1xR 2 _ R 3 Equation 8
R 12+ (L l2w? R 4+R 4%(C_3xR 320>
L_1*R 2xw C 3%R 3xw Equation 9

R 12+ (L l%w? R 4+R 4%C3«R 320>

[0245] For example, when a is a positive real number,
given that R_1=a*R_4, R_2=0*R_3, and C_3=L_l/(a*R_
3*R_4), Equations 8 and 9 become identical equations for a
frequency w, and the analog circuit 1810 may satisfy Equa-
tions 8 and 9 with respect to any frequency co. Accordingly,
the analog circuit 1810 may realize an equilibrium having a
high detection sensitivity.

[0246] According to the embodiment described above, in
the electronic device 100 of FIG. 13, the analog circuit 1810
may be formed with a cheap and small capacity component
rather than an expensive and large additional earphone 110
or inductor component, and the analog circuit 1810 may
realize an equilibrium state having a high detection sensi-
tivity.

[0247] According to the embodiment of the disclosure, a
modification of the analog circuit 1310 of FIG. 13 has been
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described. However, the same modification may be made to
the analog circuit 1110 of FIG. 11.

[0248] FIG. 21 illustrates an analog circuit according to an
embodiment of the disclosure.

[0249] Referring to FIG. 21, an analog circuit 2110
according to the embodiment is a modification of the analog
circuit 1610 of FIG. 16. In FIG. 16, an output of the first
buffer 1614 to which the first resistor R11 and the second
resistor R12 are coupled is grounded, and an output imped-
ance of the first buffer 1614 is assumed to be nearly 0 €.
Accordingly, the analog circuit 1610 of FIG. 16 is replaced
by an equivalent circuit (analog circuit 2110) shown in FIG.
21. In FIG. 21, the resistance values R4, R11, and R12 ofthe
fourth impedance 1626, the first resistor R11, and the second
resistor R12 of FIG. 16 are a resistance value R_4, a
resistance value R_11, and a resistance value R_14, respec-
tively. Likewise the embodiment of FIG. 18, each of the
impedances R1, R2, R3, and R4 of the first impedance 310,
the second impedance 1622, the third impedance 1624, and
the fourth impedance 1626 is an impedance that may include
an imaginary component. Thus, in the embodiment of FIGS.
21,71, 72, 73, and 74 are used instead of R1, R2, R3, and
R4 of FIG. 16.

[0250] In the analog circuit 2110, a first impedance 310 is
formed as a parallel circuit between a resistance of the
resistance value R_1 and an inductance of the inductance
value [_1 serially connected to each other and a resistance
of the resistance value R_11, a second impedance 2122 is
formed as a resistance having the resistance value R_2, a
third impedance 2124 is formed as a parallel circuit between
a resistance having the resistance value R_3 and a condenser
of a capacity C_3, and a fourth impedance 2126 is formed
as a parallel circuit between a resistance having the resis-
tance value R_4 and a condenser of a capacity C_4.

[0251] Likewise the embodiment of FIG. 18, assuming
that 7Z2/71=73/74 instead of 71=74 and 72=73, as an
equilibrium condition of a bridge circuit being the analog
circuit 2110, is satisfied, Equation 10 below is established.

R 2 _ R 3 Equation 10
R_1+jwl_1)//R_11 ~ (RA4/R 14//1/jwC 4«
(1+ jwC_3xR_3)

[0252] Respective equations for the real part and the
imaginary part of Equation 10 are expressed as Equations 11
and 12, respectively.

R 2x(RA+RID*R 1+ (L 1xw)) Equation 11

R11«@R_12+(L_1=w?)
R 4+R_14+R 4R 14%
R 3« »
C3%xC 4%R 3#*w
R 4#R_14%(1 +(C_ 3R 3xw)?)

-R 2«R 11«L lxw _
ROIT+R 12+ L 1sw?)

Equation 12

(R 4+R_[4)£C 3%
-R 3= ( ] *0

R 3x-R_ 4xR_14xC_4
R_4%R_14#(1 +(C_3%R_3#w)?)
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[0253] For example, when o is a positive real number,
given that R_1=0*R_4, R 2=0*R_3, R_11=0*R_14,
C_3=L_1/(a*R_3*R_4), and C_4=L_1/(a*R_4*R_14),
Equations 11 and 12 become identical equations for a
frequency w, and the analog circuit 2110 may satisfy Equa-
tions 11 and 12 with respect to any frequency o. Accord-
ingly, the analog circuit 2110 may realize an equilibrium
having a high detection sensitivity.

[0254] According to the embodiment described above, in
the electronic device 100 of FIG. 16, the analog circuit 2110
may be formed with a cheap and small capacity component
rather than an expensive and large additional earphone 110
or inductor component, and the analog circuit 2110 may
realize an equilibrium state having a high detection sensi-
tivity.

[0255] FIG. 22 illustrates amplitude and phase informa-
tion of a detection signal according to an embodiment of the
disclosure.

[0256] FIG. 23 is ablock diagram of a processor according
to an embodiment of the disclosure.

[0257] FIG. 24 is a block diagram of a processor according
to an embodiment of the disclosure.

[0258] Compared with the processor 140a of FIG. 5, a
processor 140¢ of FIG. 23 is different from the processor
140a of FIG. 5 in that DC component cutters 2302a and
23026 and a motion canceller 2304 are included. The
processor 140d of FIG. 24 is different from the processor
1400 of FIG. 6 in that the DC component cutters 2302a and
23025 and the motion canceller 2304 are included. Like
reference numerals or characters are assigned to components
of the electronic devices 100 of FIGS. 23 and 24 corre-
sponding to those of the electronic devices 100 of FIGS. 5
and 6. and repeated descriptions thereof will be omitted.

[0259] In bio-signal detection, in particular, pulse wave
detection, in the electronic devices 100 of FIGS. 5 and 6, a
pulse wave component included in a detection signal is very
weak. Accordingly, bio-signal detection in the electronic
devices 100 of FIGS. 5 and 6 is easily influenced by a signal
originating from a motion (body motion) of an examinee.
FIG. 22 illustrates an amplitude graph 2210 showing an
influence of a motion of an examinee with respect to an
amplitude component, and a phase graph 2220 showing an
influence of the motion of the examinee with respect to a
phase component. In the amplitude graph 2210 of FIG. 22,
the vertical axis indicates the amplitude size of a DC-cut
amplitude component dA obtained by the DC component
cutter 2302a of FIGS. 23 and 24, and the horizontal axis
indicates time (second). In the phase graph 2220 of FIG. 22,
the vertical axis indicates a DC-cut phase dO obtained by the
DC component cutter 23025 of FIGS. 23 and 24, and the
horizontal axis indicates time (second). In FIG. 22, data
when there are no motions of an examinee is shown until
about 18 seconds, and data when there is a motion of the
examinee is shown after about 18 seconds.

[0260] Referring to FIG. 22, variations in the DC-cut
amplitude component dA and the DC-cut phase component
df according to motions of the examinee are significantly
greater than variations in the DC-cut amplitude component
dA and the DC-cut phase component df according to a pulse
wave of the examinee. Accordingly, when there is a motion
of the examinee, it 1s difficult to extract a pulse wave of the
examinee from the DC-cut amplitude component dA and the
DC-cut phase component d of the detection signal.
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[0261] Referring to FIGS. 23 and 24, the processors 140¢
and 1404 remove a signal caused by a motion of the
examinee.

[0262] The DC component cutter 2302a removes a DC
component including a long-period variation caused by a
temperature (body temperature) from the amplitude compo-
nent A calculated by the amplitude calculator 512. Likewise,
the DC component cutter 23025 removes a DC component
including a long-period variation caused by a temperature
(body temperature) from the phase component 8 calculated
by the phase calculator 532.

[0263] The motion canceller 2304 removes a motion com-
ponent of the examinee from the DC-cut amplitude compo-
nent dA obtained by the DC component cutter 2302q,
according to Equation 13 below.

[0264] Likewise, the motion canceller 2304 removes a
motion component of the examinee from the DC-cut phase
component df obtained by the DC component cutter 23025,
according to Equation 13 below.

[0265] The motion canceller 2304 outputs, as a signal Cd,
an amplitude component from which the motion component
has been removed and a phase component from which the
motion component has been removed.

Cd=dA+d0* k

[0266] where k is a fixed parameter representing a ratio
between the amplitude component A and the phase compo-
nent 6, and is pre-defined by a circuit constant of the
electronic device 100 or an operating point of a circuit.
[0267] FIG. 25 is a block diagram of a structure of a
motion canceller according to an embodiment of the disclo-
sure.

[0268] Referring to FIG. 25, a motion canceller 23044
calculates the fixed parameter k of Equation 13 from an
average value of the DC-cut amplitude component dA and
the DC-cut phase component df. The motion canceller
2304a calculates an ABS average being an average value of
the DC-cut amplitude component dA for a certain time
period (indicated by reference numeral 2510a), and calcu-
lates an ABS average being an average value of the DC-cut
phase component d6 for a certain time period (indicated by
reference numeral 25104). Next, the motion canceller 2304a
calculates the fixed parameter k according to Equation 14
below (indicated by reference numeral 2520).

Equation 13

k=dA_ave/dd_ave

[0269] where dA ave indicates the average value of the
DC-cut amplitude component dA for a certain time period,
and d6_ave indicates the average value of the DC-cut phase
component dO for a certain time period.

[0270] In the motion canceller 2304a of FIG. 25, due to
dynamic calculation of an optimal fixed parameter k, even
when an operating point of a circuit varies according to
circumstances, the motion component may be removed
based on the dynamically calculated optimal fixed parameter
k.

[0271] FIG. 26 is a block diagram of a structure of a
motion canceller according to an embodiment of the disclo-
sure.

[0272] Referring to FIG. 26, a motion canceller 23045
removes a motion component from the DC-cut amplitude
component dA and the DC-cut phase component do, only
when a motion is detected. For example, in reference
numeral 2610, when the average value dA_ave of the
DC-cut amplitude component dA exceeds a pre-defined

Equation 14
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threshold value A_th, the motion canceller 23045 removes a
motion component from the DC-cut amplitude component
dA and the DC-cut phase component df according to
Equation 13. Likewise, when the average value df_ave of
the DC-cut phase component dfi exceeds a pre-defined
threshold value 0_th, the motion canceller 23045 removes a
motion component from the DC-cut amplitude component
dA and the DC-cut phase component df according to
Equation 13. In FIG. 26, k in Equation 13 is calculated
according to Equation 14. However, according to another
embodiment of the disclosure, k may be pre-defined by the
circuit constant of the electronic device 100 or the operating
point of the circuit.

[0273] FIG. 27 illustrates a result of removal of a motion
component by a motion canceller of FIG. 26 according to an
embodiment of the disclosure.

[0274] Referring to FIG. 27, a graph 2710 shows the
DC-cut amplitude component dA output by the DC compo-
nent cutter 2302a before the motion component is removed,
and a graph 2720 shows a magnification of the vertical axis
scale of the graph 2710 by 30 times. A graph 2730 shows the
DC-cut amplitude component dA from which the motion
component has been removed by the motion canceller
23045. As shown in the graphs 2710 and 2720 of FIG. 27,
a waveform caused by a wave pulse of an examinee is
observed in a no-motion interval where there are no motions
(until about 18 seconds), whereas a waveform caused by a
motion of the examinee is big in a motion interval where
there is a motion (after about 18 seconds), and thus the
waveform caused by the wave pulse of the examinee 1s not
observed. However, as shown in the graph 2730 of FIG. 27,
when the motion component is removed by the motion
canceller 23045, the waveform caused by the wave pulse of
the examinee may be observed even in the motion interval
to the same degree as that in the no-motion interval. Refer-
ring to FIG. 27, it may be seen that the motion component
has been properly removed from the DC-cut amplitude
component dA by the motion canceller 23045.

[0275] FIG. 28 illustrates DC component cutters accord-
ing to an embodiment of the disclosure.

[0276] Referring to FIG. 28, DC component cutters 2302a
and 230256 remove a DC component of an input signal A(1)
by subtracting an average value of input signals A(i) of past
n samples from the input signal A(i). For example, the DC
component cutters 2302a¢ and 23025 calculate the average
value of the input signals A(i) of the past n samples
according to Equation 15 below, and remove the DC com-
ponent from the input signal A(i). The DC component
cutters 2302¢ and 23025 output a DC-cut signal dA(i).

i-1 Equation 15
> Aw®/n

k=i—(nt1)

(Average value of A()) past n samples) =

[0277] FIG. 29 illustrates a waveform of an amplitude
component A from which a DC component has not yet been
removed, and a waveform of a DC-cut amplitude component
dA from which the DC component has been removed
according to an embodiment of the disclosure.

[0278] Referring to FIG. 29, the vertical axis indicates an
amplitude, and the horizontal axis thereof indicates the
number of samples. In the horizontal axis of FIG. 29, one
sample corresponds to 1/100 second. In other words, the
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horizontal axis of FIG. 29 indicates time. FIG. 29 illustrates
respective waveforms of the amplitude component A and the
DC-cut amplitude component dA during 0 to 60 seconds.
[0279] Referring to FIG. 29, as shown in a waveform 2910
of the amplitude component A from which the DC compo-
nent has not yet been removed, the DC component tempo-
rally changes. However, even in this case, as shown in a
waveform 2920 of the DC-cut amplitude component dA
from which the DC component has been removed, the DC
component cutters 2302¢ and 23025 may properly remove
the DC component from the amplitude component A.
[0280] The value of nin Equation 15 above needs to be the
number of samples within an interval that is longer than the
period of a signal to be detected. For example, when a pulse
is detected, n needs to be the number of samples that is
greater than the number of samples for one second. For
example, when a sampling frequency is 100 Hz, n needs to
be 100 or greater. When n is too large, an action to a case
where the DC component has changed is late, and thus a
removable DC component is reduced. Accordingly, the
value of n is suitably, for example, about 100 to about 200.
[0281] FIG. 30 illustrates a result of a removal of a DC
component by DC component cutters according to an
embodiment of the disclosure.

[0282] Referring to FIG. 30, a graph 3010 is illustrated of
the amplitude component A from which the DC component
has not yet been removed, and a graph 3020 of the DC-cut
amplitude component dA from which the DC component has
been removed. The vertical axis of FIG. 30 indicates an
amplitude, and the horizontal axis thereof indicates the
number of samples. In the horizontal axis of FIG. 30, one
sample corresponds to 1/100 second. In other words, the
horizontal axis of FIG. 30 indicates time. FIG. 30 illustrates
respective waveforms of the amplitude component A from
which the DC component has not yet been removed and the
DC-cut amplitude component dA for 0 to 60 seconds. The
amplitude component A shown in the graph 3010 of FIG. 30
includes not only the DC component but also a variation in
the DC component according to a relatively gentle motion of
an examinee.

[0283] Referring to FIG. 30, the graph 3020 not only the
DC component but also the variation in the DC component
according to the relatively gentle motion of the examinee
have been removed from the amplitude component A by the
DC component cutters 2302a and 23024. Thus, according to
an embodiment of the disclosure, the processor 140 may not
include the motion canceller 2304, and may remove the
motion component from the amplitude component A and the
phase component 6 by using the DC component cutters
23024 and 2302b.

[0284] All of the processors 140a and 1405 of FIGS. 5 and
6 and the processors 140c and 1404 of FIGS. 23 and 24
include the detection filter 534. The detection filter 534 is a
BPF using a frequency including a desired bio-signal (for
example, a pulse) as a central frequency, and, in the case of
a phase component, removes a noise component and empha-
sizes a desired frequency (for example, the frequency of a
pulse). According to embodiments of the disclosure, a
motion component may be effectively removed by optimiz-
ing the frequency characteristics of the detection filter 534.
For example, by optimizing the frequency characteristics of
the detection filter 534 such that a low frequency component
where a motion easily occurs, for example, a frequency
component of about 0.5 Hz or less, is attenuated and about
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1 Hz to about 2 Hz being a frequency component of a pulse
wave is emphasized, a desired bio-signal component may be
emphasized and also a motion component may be removed.
[0285] The processors 140a and 1406 of FIGS. 5 and 6
perform pulse detection from the phase component 6, and
may also perform pulse detection from the amplitude com-
ponent A. The amplitude component A and the phase com-
ponent 8 have slightly different waveforms, but pulse detec-
tion from the amplitude component A and pulse detection
from the phase component 6 may be performed according to
the same method. Pulse detection from the amplitude com-
ponent A may be performed by optimizing the frequency
characteristics of the detection filter 534 of FIG. 5 or 6 or a
threshold value of the Schmitt trigger 610.

[0286] In the above-described electronic device 100
according to another embodiment of the disclosure, the same
effects as those of the electronic device 100 of FIG. 5 or 6,
or the electronic device 100 of FIG. 4, 11, 14, 15, 16, 18, or
21 may be obtained, and the motion canceller 2304 may
remove the motion component of an examinee from an
amplitude component and a phase component. Accordingly,
the electronic device 100 according to the embodiment may
detect a weak bio-signal with a high precision even when the
examinee is moving.

[0287] Next, another embodiment of the disclosure will be
described with reference to FIGS. 31 through 44.

[0288] In the electronic device 100, as shown in FIGS. 31
and 38, processors 140e and 1407 have different structures
from the processor 140a, 1405, 140¢, or 1404 of FIG. 5, 6,
23, or 24.

[0289] Referring to FIGS. 31 and 38, the processors 140¢
and 140f include an attachment detector 3110a of the
earphone 110 and a detachment detector 311056 of the
earphone 110, respectively. In the electronic device 100, a
biometric information calculator 112 may include at least
one of the attachment detector 3110a of the earphone 110 or
the detachment detector 31105 of the earphone 110. The
other components of the electronic device 100 according to
the embodiment may be the same as those of the processor
140a, 1405, 140c¢, or 140d of FIG. 5, 6, 23, or 24, or the
components of FIG. 31 or 38 may be combined with the
components of the processor 140a, 1405, 140c, or 1404.
Like reference numerals or characters are assigned to com-
ponents of FIG. 31 or 38 corresponding to those of FIG. 5,
6, 23, or 24, and detailed descriptions thereof will be
omitted.

[0290] FIG. 31 is a block diagram of a processor 140e
according to an embodiment of the disclosure.

[0291] The processor 140e of FIG. 31 may further include
the attachment detector 3110a in addition to the components
of the embodiment of FIG. 5, 6, 23, 24, or 38. The attach-
ment detector 3110a includes a first differential value cal-
culator 3112 and a first threshold value processor 3114.
[0292] FIG. 38 is a block diagram of a processor 140f
according to an embodiment of the disclosure.

[0293] The processor 1407 of FIG. 38 may further include
the detachment detector 31105 in addition to the components
of the embodiment of FIG. 5, 6, 23, 24, or 31.

[0294] Referring to FIG. 38, the detachment detector
31105 includes a second differential value calculator 3812,
a second threshold value processor 3814, a moving average
processor 3816, a wave height digitizer 3818, and a third
threshold value processor 3820.
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[0295] The other components of the processors 140e and
1401 of FIGS. 31 and 38 are the same as those of the
processor 140a, 1405, 140¢, or 1404 of FIG. 5, 6, 23, or 24,
and thus illustrations thereof are omitted. The electronic
device 100 according to the embodiment detects attachment
and detachment of the earphone 110 by an examinee by
using the analog circuit 1110, 1310, 1520, 1610, 1810, or
2110 of FIG. 4, 11, 13, 15, 16, 18, or 21. An in-phase
component I and a quadrature phase component Q are
generated from the voltage Ae output by the analog circuit
1110, 1310, 1520,1610, 1810, or 2110 through the BPF 414,
the ADC 416, and the orthogonal demodulator 420. The
in-phase component I and the quadrature phase component
Q are input to the processors 140e¢ and 140f. In the descrip-
tion below, the amplitude component A is calculated from
the in-phase component 1 by the amplitude calculator 512 of
the processors 140e and 140/, and the phase component 6 is
calculated from the quadrature phase component Q by the
phase calculator 532 of the processors 140e and 140f.

[0296] First, detection of attachment of the earphone 110
to an examinee will be described.

[0297] FIG. 32 illustrates a change, over time, in an
amplitude component A generated by a processor when an
examinee wears an earphone according to an embodiment of
the disclosure.

[0298] FIG. 33 illustrates a change, over time, in a phase
component 0 generated by a processor when an examinee
wears an earphone according to an embodiment of the
disclosure. The vertical axis of FIG. 32 indicates an ampli-
tude, and the horizontal axis thereof indicates time (second).
The vertical axis of FIG. 33 indicates a phase, and the
horizontal axis thereof indicates time (second).

[0299] Referring to FIGS. 32 and 33, the amplitude com-
ponent A and the phase component O greatly changed at
about 10 seconds, and at this time the examinee attached the
earphone 110 to his or her ears. To more emphasize the
changes in the amplitude component A and the phase
component 6, the first differential value calculator 3112
performs time differentiation with respect to the amplitude
component A and the phase component 0.

[0300] The first differential value calculator 3112 holds the
amplitude component A calculated by the amplitude calcu-
lator 512 and the phase component 0 calculated by the phase
calculator 532, by a certain number of frames. The holding
may be performed by using, for example, a buffer, a register,
or a capacitor. For example, the first differential value
calculator 3112 holds the amplitude component A and the
phase component 0 by 100 frames. When each frame is
obtained with 100 Hz, 100 frames are the amount corre-
sponding to one second.

[0301] Then, the first differential value calculator 3112
calculates an average value of first-half 50 frames among the
held 100 frames and an average value of second-half 50
frames among the held 100 frames, and calculates a differ-
ential value by subtracting the average value of the first-half
50 frame from the average value of the second-half 50
frames.

[0302] The first differential value calculator 3112 repeats
this process to perform time differentiation with respect to
the amplitude component A and the phase component 6.

[0303] The number of held frames is appropriately deter-
mined according to a sampling rate of the in-phase compo-
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nent T and the quadrature phase component Q input to the
processor 140e, and may be, for example, 1 frame or 1000
frames.

[0304] FIG. 34 illustrates a result of a time differentiation
with respect to an amplitude component A according to an
embodiment of the disclosure.

[0305] FIG. 35 illustrates a result of a time differentiation
with respect to a phase component 8 according to an
embodiment of the disclosure.

[0306] Referring to FIGS. 34 and 35, the first threshold
value processor 3114 determines whether the examinee has
attached an earphone thereto, by performing threshold value
processing with respect to the result of the time differentia-
tion with respect to the amplitude component A of FIG. 34
and the result of the time differentiation with respect to the
phase component 6 of FIG. 35. Hereinafter, the amplitude
component A having undergone time differentiation is
referred to as a differential amplitude value, and the phase
component 0 having undergone time differentiation is
referred to as a differential phase value.

[0307] Threshold value processing with respect to the
differential amplitude value and the differential phase value
will now be described with reference to FIGS. 36 and 37.
[0308] FIG. 36 is a graph for illustrating a threshold value
processing with respect to a differential amplitude value
according to an embodiment of the disclosure.

[0309] FIG. 37 is a graph for illustrating a threshold value
processing with respect to a differential phase value accord-
ing to an embodiment of the disclosure.

[0310] Referring to FIG. 36, the first threshold value
processor 3114 determines whether the examinee has
attached the earphone 110 thereto, based on a comparison
between the differential amplitude value and upper and
lower threshold values A and B. The first threshold value
processor 3114 sets up a flag when the differential amplitude
value exceeds the upper threshold value A and then falls
short of the lower threshold value B within a certain time
period. When the differential amplitude value exceeds the
upper threshold value A and then does not short of the lower
threshold value B within the certain time period, information
indicating that the differential amplitude value exceeded the
upper threshold value A is reset. The certain time period may
be, for example, about 0 to about 10 seconds.

[0311] Likewise, referring to FIG. 37, the first threshold
value processor 3114 determines whether the examinee has
attached the earphone 110 thereto, based on a comparison
between the differential phase value and upper and lower
threshold values C and D. The first threshold value processor
3114 sets up a flag when the differential phase value falls
short of the lower threshold value D and then exceeds the
upper threshold value C within a certain time period. When
the differential phase value falls short of the lower threshold
value D and then does not exceed the upper threshold value
C within the certain time period, information indicating that
the differential phase value fell short of the lower threshold
value D is reset. The certain time period may be, for
example, about 0 to about 10 seconds.

[0312] When flags are set up at both the differential
amplitude value and the differential phase value, the first
threshold value processor 3114 determines that the examinee
has attached the earphone 110 thereto.

[0313] When a flag is set up at one of the differential
amplitude value and the differential phase value and then a
flag is not set up at the other within a certain time period,
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information indicating that a flag was set up is reset. The
certain time period may be, for example, about 0 to about 10
seconds.

[0314] When a flag is set up at one of the differential
amplitude value and the differential phase value, the first
threshold value processor 3114 may determine that the
examinee has attached the earphone 110 thereto. When the
differential amplitude value exceeds the upper threshold
value A, when the differential amplitude value falls short of
the lower threshold value B, when the differential phase
value falls short of the lower threshold value D, or when the
differential phase value exceeds the upper threshold value C,
the first threshold value processor 3114 may determine that
the examinee has attached the earphone 110 thereto. In this
case, even when the electronic device 100 does not perform
threshold value processing with respect to all of the four
upper and lower threshold values A, B, C, and D, the
electronic device 100 may detect attachment of the earphone
110 to the examinee, and thus the time for the detection is
short.

[0315] Then, detection of detachment of the earphone 110
from the examinee will be described.

[0316] In contrast with the detection of attachment of the
earphone 110 to the examinee, detection of detachment of
the earphone 110 from the examinee is performed with
respect to the amplitude component A and the phase com-
ponent 8 according to a different algorithm

[0317] Detection of detachment of the earphone 110 from
the examinee based on the amplitude component A will be
described first.

[0318] FIG. 39 illustrates a change, over time, in an
amplitude component A generated by a processor when an
examinee has detached an earphone from his or her external
auditory tube according to an embodiment of the disclosure.

[0319] Referring to FIG. 39, an amplitude is illustrated,
and the horizontal axis thereof indicates time (second). In
FIG. 39, the amplitude component A greatly changes at
about 42 seconds. At this time, the examinee has separated
or removed the earphone 110 from his or her external
auditory tube. To more emphasize the change in the ampli-
tude component A, the second differential value calculator
3812 performs time differentiation with respect to the ampli-
tude component A. The time differentiation is already
described above, and thus repeated descriptions thereof will
be omitted.

[0320] FIG. 40 illustrates a result of the time differentia-
tion with respect to an amplitude component A according to
an embodiment of the disclosure.

[0321] Referring to FIG. 39, the amplitude of the ampli-
tude component A starts decreasing.

[0322] Referring to FIG. 40, a differential amplitude value
changes from a positive value to a negative value at about 55
seconds. When the decrease in the amplitude of the ampli-
tude component A of FIG. 39 continues for a certain time
period, the processor 140/ may determine that the earphone
110 has been removed from the examinee. When the differ-
ential amplitude value continuously falls short of a threshold
value F for a certain time period, the second threshold value
processor 3814 determines that the earphone 110 has been
removed from the examinee. According to an embodiment
of the disclosure, in FIG. 40, the threshold value F may be
0, and the certain time period may be, for example, 0 to
about 10 seconds.
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[0323] Next, detection of detachment of the earphone 110
from the examinee based on the phase component 8 will be
described.

[0324] FIG. 41 illustrates a change, over time, in a phase
component 0 generated by a processor when an examinee
has detached an earphone from his or her external auditory
tube according to an embodiment of the disclosure.

[0325] Referring to FIG. 41, a phase is illustrated, and the
horizontal axis thereof indicates time (second).

[0326] Referring to FIG. 41, a broken line 4120 indicates
a phase value, and gently goes up over time. Because it is
difficult to extract a height of a wave of a waveform, namely,
an AC component, the phase component 6 that gently
changes as described above, the moving average processor
3816 performs moving averaging with respect to the phase
component 8. A solid line 4110 of FIG. 41 indicates a result
of moving averaging of 5 points executed 20 times with
respect to the phase value indicated by the broken line 4120.
As shown in the solid line 4110 of FIG. 41, by perform
moving averaging with respect to the phase component 6, an
AC component may be removed from the phase component
8. Accordingly, the moving average processor 3816 calcu-
lates a differential value by subtracting a value indicated by
the solid line 4110 from the phase value indicated by the
broken line 4120, thereby extracting an AC component from
the phase component 6.

[0327] FIG. 42 illustrates an AC component of a phase
component 8 when an examinee wears an earphone accord-
ing to an embodiment of the disclosure.

[0328] FIG. 43 illustrates an AC component of a phase
component 8 when an examinee does not wear an earphone
according to an embodiment of the disclosure.

[0329] Referring to FIGS. 42 and 43, the waves of the
phase components 0 have different heights. In other words,
the AC component of the phase component 6 of FIG. 42
when the examinee wears the earphone 110 includes a
variation originating from a pulse, and the AC component of
the phase component 6 of FIG. 43 when the examinee does
not wear the earphone 110 does not include a varation
originating from a pulse. Accordingly, to compare the AC
components of FIGS. 42 and 43 with each other, the wave
height digitizer 3818 digitizes the heights of the waves of the
AC components of FIGS. 42 and 43.

[0330] The wave height digitizer 3818 digitizes the
heights of the waves of the AC components of FIGS. 42 and
43 by calculating a differential value between the heights of
a convex peak and a concave portion of the waveforms of
the AC components of FIGS. 42 and 43. The wave height
digitizer 3818 may calculate a differential value between an
average value of the heights of concave peaks before and
after a convex peak and the height of the convex peak, or
may calculate a differential value between the height of one
of the concave peaks before and after the convex peak and
the height of the convex peak.

[0331] FIG. 44 illustrates a digitized wave height of an AC
component of a phase component 6 according to an embodi-
ment of the disclosure.

[0332] Referring to FIG. 44, the vertical axis indicates a
digitized wave height, and the horizontal axis thereof indi-
cates time (second). In FIG. 44, the examinee wears the
earphone 110 between 30 seconds and 40 seconds, the
examinee removes the earphone 110 between 40 seconds
and 46 seconds, and the earphone 110 has been detached
from the examinee after 46 seconds.
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[0333] Referring to FIG. 44, the digitized wave height of
the AC component of the phase component 8 clearly differs
when the examinee wears the earphone 110 (30 seconds to
40 seconds) and when the examinee takes off the earphone
110 (after 46 seconds). Accordingly, the third threshold
value processor 3820 determines that the earphone 110 was
removed from the examinee, when the digitized wave height
of the AC component of the phase component 6 falls short
of a threshold value E.

[0334] As described above, in contrast with the detection
of attachment of the earphone 110 to the examinee, the
detection of detachment of the earphone 110 from the
examinee is performed with respect to the amplitude com-
ponent A and the phase component 8 according to a different
algorithm Accordingly, the processor 140f" according to
another embodiment of the disclosure may determine that
the earphone 110 was separated from the examinee, based on
the amplitude component A or the phase component 6. The
processor 140/ according to another embodiment of the
disclosure may determine that the earphone 110 was sepa-
rated from the examinee, when separation of the earphone
110 from the examinee is detected from both the amplitude
component A or the phase component 8.

[0335] In the electronic devices 100 employing the above-
described processors 140e and 140/, the same effects as
those of the electronic devices 100 according to the previous
embodiments may be obtained, and attachment of the ear-
phone 110 to the examinee and detachment of the earphone
110 from the examinee may be detected based on at least one
of the amplitude component A calculated from the in-phase
component I by the amplitude calculator 512 or the phase
component 6 calculated from the quadrature phase compo-
nent Q by the phase calculator 532. Accordingly, even when
a proximity sensor or the like is not embedded in the
earphone 110, attachment or detachment of the earphone 110
to or from the examinee may be detected. Thus, the elec-
tronic device 100 according to another embodiment of the
disclosure may perform attachment or detachment of the
earphone 110 to or from the examinee at low cost, may save
the internal space of the earphone 110 by not including a
special sensor, and may not increase power consumption.
For example, when a battery is embedded in the earphone
110, such as a wireless earphone 110, attachment or detach-
ment of the earphone 110 to or from the examinee is
performed by a proximity sensor, and the battery is turned
on/off. However, the electronic device 100 according to the
embodiment may turn a battery on/off without including a
proximity sensor.

[0336] Embodiments of the disclosure are not limited to
the above-described embodiments, and suitable modifica-
tions may be made thereto without departing from the spirit
of the disclosure. For example, in the embodiments of FIGS.
4,11, 13, 15, 16, 18, 21, 23, and 24, the DACs 410, 1120,
and 1122 and the ADC 416 are used. However, when the
signal generator 130 and the orthogonal demodulator 420
are formed as analog circuits, the DACs 410, 1120, and 1122
and the ADC 416 may be omitted. Similarly, also in the
embodiment of FIG. 14, when the signal generator 130 is
formed as an analog circuit, the DAC 410 may be omitted.

[0337] According to embodiments of the disclosure, an
example where a pulse and a body temperature are mainly
detected as biometric information is illustrated. However,
the biometric information detected by the electronic devices
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100 according to embodiments of the disclosure are not
limited to a pulse and a body temperature.

[0338] Moreover, according to embodiments of the dis-
closure, the electronic device 100 may be a wired earphone
type or wireless earphone type electronic device.

[0339] FIG. 45 is a flowchart of a method of controlling an
electronic device according to an embodiment of the dis-
closure.

[0340] Referring to FIG. 45, the operations included in an
electronic device controlling method according to the dis-
closure may be performed by various types of electronic
devices including an earphone, a first circuit, and a proces-
sor. An embodiment in which an electronic device control-
ling method is performed by the electronic devices 100
according to embodiments of the disclosure will now be
focused on and described. Thus, the embodiments described
above regarding the electronic devices 100 are applicable to
embodiments of an electronic device controlling method,
and, inversely, the embodiments described above regarding
the electronic device controlling method are applicable to
the embodiments for the electronic devices 100 Electronic
device controlling methods according to disclosed embodi-
ments are performed by the above-described electronic
devices 100, but embodiments are not limited thereto. The
electronic device controlling methods according to embodi-
ments may be performed by various types of electronic
devices.

[0341] In operation S4502, the electronic device 100 out-
puts a first AC signal to a first circuit. The processor 140 of
the electronic device 100 may control the signal generator
130 to output the first AC signal to the first circuit.

[0342] In operation S4504, the electronic device 100
obtains a first detection signal including a voltage compo-
nent corresponding to a first impedance component from the
first circuit. The processor 140 may obtain the first detection
signal from an output terminal of the first circuit. The first
circuit may perform analog-to-digital conversion with
respect to a voltage detected by an analog circuit and outputs
a result of the analog-to-digital conversion to the processor
140. According to an embodiment of the disclosure, the first
detection signal may include an in-phase component signal
I and a quadrature phase component signal Q. According to
another embodiment of the disclosure, the first detection
signal may include an amplitude component signal A and a
DC component signal DC.

[0343] Next, in operation S4506, the electronic device 100
generates at least one piece of biometric information, based
on the first detection signal. The at least one piece of
biometric information may include at least one of heart rate
information or body temperature information, or a combi-
nation thereof The processor 140 may obtain amplitude
information and phase information from the first detection
signal, calculate the body temperature information from the
amplitude information, and calculate the heart rate informa-
tion from the phase information.

[0344] According to an embodiment of the disclosure, the
processor 140 may include an operation of correcting a
motion of a user, in an operation of calculating the heart rate
information. The processor 140 may calculate an average
value of a differential value from which a DC component has
been removed from the amplitude information and an aver-
age value of a differential value from which a DC compo-
nent has been removed from the phase information, and may
generate, from the average values, the signal Cd from which
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a motion component has been removed. The operation of
correcting the motion is similar to that in the embodiments
of FIGS. 23 and 24, and thus a repeated description thereof
will be omitted.

[0345] According to an embodiment of the disclosure, the
processor 140 may include an operation of detecting attach-
ment or detachment of an earphone from the first detection
signal. The operation of detecting attachment or detachment
of an earphone is similar to that in the embodiments of FIGS.
31 through 44, and thus a repeated description thereof will
be omitted.

[0346] Next, in operation S4508, the electronic device 100
outputs at least one piece of biometric information. The
electronic device 100 may output the at least one piece of
biometric information to an external apparatus via a com-
munication interface, or display the at least one piece of
biometric information via a display, or output the at least one
piece of biometric information as a sound via an earphone or
the like.

[0347] FIG. 46 is a block diagram of an electronic device
according to an embodiment of the disclosure.

[0348] The electronic device 100 may be implemented in
various types.
[0349] Referring to FIG. 46, an electronic device 4600 is

illustrated according to an embodiment of the disclosure.
The electronic device 4600 includes a processor 4610, a
memory 4620, an earphone 4630, an analog circuit unit
4632, a sensor unit 4640, an input/output interface 4650, and
a communication interface 4660. The earphone 110 of the
electronic device 100 may correspond to the earphone 4630
of the electronic device 4600, the first circuit 120 and the
signal generator 130 of the electronic device 100 may
correspond to the analog circuit unit 4632 of the electronic
device 4600, and the processor 140 of the electronic device
100 may correspond to the processor 4610 of the electronic
device 4600.

[0350] The processor 4610 may include at least one pro-
cessor. The processor 4610 may include dedicated proces-
sors, such as a central controller 4611, an image processor
4612, and an artificial intelligence (AI) processor 4613.
[0351] The memory 4620 may include a volatile storage
medium, a non-volatile storage medium, or a combination
thereof The memory 4620 may include various types of
memories, such as a main memory, a cache memory, a
register, and a non-volatile memory. The memory 4620 may
be implemented as any of various types of storage media.
For example, the memory 4620 may include at least one type
of storage medium selected from among a flash memory
type, a hard disk type, a multimedia card micro type, a card
type memory (for example, a secure digital (SD) or extreme
digital (XD) memory), a random access memory (RAM), a
static random access memory (SRAM), a read-only memory
(ROM), an electrically erasable programmable ROM (EE-
PROM), a programmable ROM (PROM), magnetic
memory, a magnetic disk, and an optical disk.

[0352] The earphone 4630 transforms an electrical signal
into a sound wave signal and outputs the sound wave signal.
The earphone 4630 may transform the electrical signal into
the sound wave signal by operating a vibration plate.
[0353] The analog circuit unit 4632 generates, transmits,
or processes an analog signal. The analog circuit unit 4632
may include at least one analog device, for example, an
analog device, such as a resistor, a capacitor, or an inductor.
The analog circuit unit 4632 may be implemented as a PCB,
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an FPCB, or an application specific integrated circuit
(ASIC). The analog circuit unit 4632 may generate, transmit,
or process a data signal, a control signal, a power signal, or
the like.

[0354] The sensor unit 4640 may include various types of
sensors. The sensor unit 4640 may include, for example, an
illumination sensor 4641, an acceleration sensor 4642, a
gyro sensor 4643, a fingerprint sensor 4644, a pressure
sensor 4645, or a bio sensor 4646, or a combination thereof
A signal detected by the sensor unit 4640 may be input to the
processor 4610, and the processor 4610 may perform, based
on the signal output by the sensor unit 4640, a process, such
as display brightness control, camera brightness control,
motion detection, device orientation detection, fingerprint
recognition, bio-signal detection and processing, and bio-
metric authentication.

[0355] The input/output interface 4650 may include vari-
ous types of input/output interfaces. The input/output inter-
face 4650 may include, for example, a display 4651, a touch
screen 4652, a touch pad 4653, an audio input/output
interface 4654, an HDMI 4655, or a USB 4656, or a
combination thereof. The communication interface 4660
may include various types of communication modules. The
input/output interface 4650 may include various types of
input/output components. The processor 4610 may perform
gesture recognition, voice recognition, and the like, based on
a signal received from the input/output interface 4650.
[0356] The communication interface 4660 may include at
least one of a short-range wireless communication interface
4662, a mobile communication interface 4664, or a broad-
casting receiver 4666, or a combination thereof. The short-
range wireless communication interface 4662 may perform
Bluetooth, Bluetooth Low Energy (BLE), Near Field Com-
munication, Radio Frequency Identification (RFID), WLAN
(Wi-Fi), Zigbee, infrared Data Association (IrDA) commu-
nication, Wi-Fi Direct (WFD), ultra wideband (UWB), Ant+
communication, or a combination thereof. The electronic
device 4600 may communicate with various types of exter-
nal apparatuses via the communication interface 4660. The
electronic device 4600 may communicate with, for example,
a server, another mobile device, a wearable device, another
PC, or the like via the communication interface 4660, and
thus may exchange data and a control signal.

[0357] The disclosed embodiments may be implemented
as an S/W program including instructions stored in com-
puter-readable storage media. In addition, the disclosed
embodiments may be embodied in a computer readable
storage medium storing a computer program.

[0358] A computer is a device capable of calling stored
instructions from a storage medium and operating according
to the disclosed embodiments according to the called
instructions, and may include the electronic devices accord-
ing to the disclosed embodiments.

[0359] The computer-readable storage medium may be
provided as a non-transitory storage medium. Here, ‘non-
transitory” means that the storage medium does not include
a signal and is tangible, but does not include distinguish
whether data is stored semi-permanently or temporarily in
the storage medium.

[0360] In addition, electronic devices and operation meth-
ods thereof according to the disclosed embodiments may be
provided in a computer program product. The computer
program product may be traded as a commodity between a
seller and a purchaser.
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[0361] The computer program product may include a
software program and a computer-readable storage medium
having the software program stored thereon. For example,
the computer program product may include a product in the
form of a software program (e.g., a downloadable app) that
is electronically distributed through the manufacturer of an
electronic device or an electronic market (e.g., Google Play
Store, AppStore). For electronic distribution, at least a
portion of the software program may be stored on a storage
medium or may be created temporarily. In this case, the
storage medium may be a server of a manufacturer, a server
of an electronic market, or a storage medium of a relay
server for temporarily storing an SW program.

[0362] The computer program product may include a
storage medium of a server or a storage medium of a
terminal in a system composed of a server and a terminal
(e.g., an electronic device, a portable electronic device, a
wearable device, and the like). Alternatively, when there is
a third device (e.g., a smartphone) in communication with
the server or terminal, the computer program product may
include a storage medium of the third device. Alternatively,
the computer program product may include the S/W pro-
gram itself transmitted from the server to the terminal or the
third device, or transmitted from the third device to the
terminal.

[0363] In this case, one of the server, the terminal, and the
third device may execute the computer program product to
perform the methods according to the disclosed embodi-
ments. Alternatively, at least two of the server, the terminal,
and the third device may execute the computer program
product to distribute and perform the methods according to
the disclosed embodiments.

[0364] Forexample, a server (e.g., a cloud server or an Al
server) may execute a computer program product stored on
a server to control a terminal communicating with the server
to perform the methods according to the disclosed embodi-
ments.

[0365] As another example, a third device may execute a
computer program product to control a terminal in commu-
nication with the third device to perform the methods
according to the disclosed embodiments. For example, the
third device may control an electronic device to perform an
electronic device controlling method.

[0366] When the third device executes the computer pro-
gram product, the third device may download the computer
program product from the server and execute the down-
loaded computer program product. Alternatively, the third
device may execute a computer program product provided in
a preloaded state to perform methods according to the
disclosed embodiments.

[0367] According to embodiments of the disclosure, pro-
vided is a device and a method of obtaining biometric
information by using an earphone, so that a user is able to
obtain the biometric information without performing a spe-
cial action for obtaining the biometric information.

[0368] According to embodiments of the disclosure, pro-
vided is a device and a method of obtaining biometric
information by using an earphone while outputting audio
through the earphone.

[0369] While the disclosure has been shown and described
with reference to various embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing
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from the spirit and scope of the disclosure as defined by the
appended claims and their equivalents.

What is claimed is:

1. An electronic device comprising:

an earphone including a first impedance component;

a signal generator configured to output a first alternating
current (AC) signal;

a first circuit including at least one first analog device
having an impedance component electrically coupled
to the first impedance component, and configured to
receive the first AC signal and output a first detection
signal including a voltage component corresponding to
the first impedance component; and

at least one processor configured to:
generate at least one piece of biometric information,

based on the first detection signal, and
output the at least one piece of biometric information.

2. The electronic device of claim 1,

wherein the electronic device includes a shape in which
the earphone is inserted into an external auditory
meatus of a human being, and

wherein a magnitude of the first impedance component
varies according to a change in a pressure of the
external auditory meatus.

3. The electronic device of claim 1,

wherein the at least one piece of biometric information
comprises heart rate information, and

wherein the at least one processor is further configured to
generate the heart rate information, based on a phase
component of the first detection signal.

4. The electronic device of claim 1,

wherein the at least one piece of biometric information
comprises body temperature information, and

wherein the at least one processor is further configured to
generate the body temperature information, based on an
amplitude component of the first detection signal.

5. The electronic device of claim 1, wherein the first AC

signal includes a frequency in an ultrasonic range.

6. The electronic device of claim 1, wherein the first AC
signal includes a frequency of 20 kHz to 40 kHz.

7. The electronic device of claim 1, wherein the first
circuit is configured to:

generate the first detection signal including an in-phase
signal of an in-phase component and an orthogonal
signal of a quadrature phase component from the first
AC signal and an intermediate detection signal of a
node connected to the first analog device, and

output the first detection signal to the at least one pro-
Cessor.

8. The electronic device of claim 7, wherein the at least

one processor is further configured to:

generate body temperature information, based on a sum of
a square of the in-phase signal and a square of the
orthogonal signal, and

generate heart rate information, based on phase informa-
tion extracted from the in-phase signal and the orthogo-
nal signal.

9. The electronic device of claim 1, wherein the first
circuit comprises a second impedance device, a third imped-
ance device, and a fourth impedance device connected with
the first impedance component in a bridge circuit structure,
and is configured to:
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receive the first AC signal via at least one of a first node
or a second node of the bridge circuit structure or a
combination thereof,

generate an in-phase signal of an in-phase component and
an orthogonal signal of a quadrature phase component
from an intermediate detection signal of a third node of
the bridge circuit structure, and

output the in-phase signal and the orthogonal signal to the
at least one processor.

10. The electronic device of claim 9,

wherein two impedance devices directly connected to the
first node have identical impedance values, and

wherein two impedance devices directly connected to the
second node have identical impedance values.

11. The electronic device of claim 9,

wherein the first node receives the first AC signal,

wherein the second node receives a signal obtained by
delaying a phase of the first AC signal by 180°,

wherein the first impedance component is connected
between a fourth node and the first node, and

wherein the fourth node is connected to ground potential.

12. The electronic device of claim 9,

wherein the first node receives the first AC signal,

wherein the second node is connected to ground potential,

wherein the first impedance component is connected to
between the second node and a fourth node, and

wherein the first circuit is configured to differentially
amplify a signal of the fourth node and a signal of the
third node to generate the first detection signal.

13. The electronic device of claim 9,

wherein the first impedance component is connected to
between the second node and a fourth node,

wherein the second impedance device is connected to
between the first node and the fourth node, the third
impedance device is connected to between the first
node and the third node, and the fourth impedance
device is connected 1o between the second node and the
third node,

wherein the earphone includes a first resistance compo-
nent and a first inductance component,

wherein the second impedance device comprises a second
resistor, the third impedance device comprises a third
resistor and a third capacitor connected to the third
resistor in parallel, and the fourth impedance device
comprises a fourth resistor,

wherein the first resistance component and a resistance
component of the fourth resistor include same magni-
tudes,

wherein the second resistor and the third resistor include
resistance components of which magnitudes are same,
and

wherein the third capacitor includes a capacitor compo-
nent of a magnitude {first inductance component/(re-
sistance component of third resistor * resistance com-
ponent of fourth resistor)}.

14. The electronic device of claim 9,

wherein the first impedance component is connected
between the second node and a fourth node,

wherein the second impedance device is connected
between the first node and the fourth node, the third
impedance device is connected between the first node
and the third node, and the fourth impedance device is
connected between the second node and the third node,
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wherein the first impedance component includes a first
first resistance component and a first inductance com-
ponent serially connected to each other between the
second node and the fourth node, and a second first
resistance component connected to the first first resis-
tance component and the first inductance component in
parallel between the second node and the fourth node,
wherein the second impedance device comprises a second
resistor,
wherein the third impedance device comprises a third
resistor and a third capacitor connected to each other in
parallel between the first node and the third node, and
wherein the fourth impedance device comprises a first
fourth resistor, a second fourth resistor, and a fourth
capacitor connected to one another in parallel between
the second node and the third node.
15. The electronic device of claim 14,
wherein the first first resistance component and a resis-
tance component of the first fourth resistor include
same magnitudes,
wherein the second resistor and the third resistor include
resistance components of which magnitudes are same,
wherein the second first resistance component and a
resistance component of the second fourth resistor
include same magnitudes, and
wherein the third capacitor includes a capacitor compo-
nent of a magnitude {first inductance component/(re-
sistance component of third resistor * resistance com-
ponent of first fourth resistor)}.
16. The electronic device of claim 1,
wherein the first circuit comprises a band pass filter and
an envelope detector, and is configured to:
generate a second intermediate detection signal by
modulating a first intermediate detection signal of a
node connected to the first analog device by using
the band pass filter and the envelope detector, and
generate the first detection signal including an ampli-
tude change component signal and a direct current
(DC) component signal generated from the second
intermediate detection signal, and wherein the at
least one processor is further configured to:
generate heart rate information from the amplitude
change component signal, and
generate body temperature information from the DC
component signal.
17. The electronic device of claim 1, wherein the first
circuit is configured to:
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receive an electrical audio signal corresponding to an

audio signal output via the earphone,

process the electrical audio signal by using a high pass

filter, and

apply a result of the processing to at least one node of the

first circuit.

18. The electronic device of claim 1,

wherein the first circuit is configured to generate the first

detection signal including an in-phase signal of an
in-phase component and an orthogonal signal of a
quadrature phase component from the first AC signal
and an intermediate detection signal of a node con-
nected to the first analog device, and

wherein the at least one processor is further configured to:

generate an amplitude signal of an amplitude compo-
nent and a phase signal of a phase component from
the in-phase signal and the orthogonal signal, and

remove a motion component of the electronic device by
using the amplitude signal and the phase signal.

19. The electronic device of claim 1,

wherein the first circuit is configured to generate the first

detection signal including an in-phase signal of an
in-phase component and an orthogonal signal of a
quadrature phase component from the first AC signal
and an intermediate detection signal of a node con-
nected to the first analog device, and

wherein the at least one processor is further configured to:

generate an amplitude signal of an amplitude compo-
nent and a phase signal of a phase component from
the in-phase signal and the orthogonal signal, and

detect attachment or detachment of the electronic
device, based on a variation in at least one of the
amplitude signal or the phase signal.

20. A method of controlling an electronic device com-
prising an earphone including a first impedance component,
and a first circuit including at least one first analog device
including an impedance component electrically coupled to
the first impedance component, the method comprising:

controlling a first AC signal to be output to the first circuit;

obtaining a first detection signal including a voltage
component corresponding to the first impedance com-
ponent from the first circuit;

generating at least one piece of biometric information,

based on the first detection signal; and

outputting the at least one piece of biometric information.
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