)

(32 2
INEE I IEPEE:

ch

!
Eui Chul Lee
Dept. of Sports ICT, Graduate School, Sangmyung University

“Dept. of Intelligent Informatics, Graduate School, Sangmyung University

I

ACK 2025
isc31201 @naver.com, eclee@smu.ac.kr

Contactless Heart Rate Estimation for Tension
Analysis of Archers during Competition
Sijin Kim!, Byeong Seon An’ Song Hee Park® Ji Yeon Moon®, Hyunbin Hal,
*Deep-Learning Research Center, Sangmyung University
“Dept. of Human-Centered Al, Sangmyung University

gpdjghdlZ@gmail.com, 202433029@sangmyung.kr, 202432031 @sangmyung.kr, jiyeon@smu.ac.kr,

- N T N o e S S =
¥ TR NNT AR, WE By
2 H o 5O B g TR o
W FEZ AT EE A" U
.. s o= o) <) o~ oo ey R o
swaEse N oow g C ¢ b RTus g s B TR
EQ_OMWMO%MM‘_&E o o mnvuo B ,m.ﬁﬂﬂ ﬂ‘_ H.ﬁﬂ”OL \_u__w el
g RE = w T E o me M ooy B e M)
N e T S e E T g mREE oy T2
EEJ. ﬂﬁﬂﬁ ™ > OE. —_ O# = 7 N o N
ool TPy T3 E VTN mwr R
tPmyeE g 22 FEATEe s PV4g
om Py T =08 dﬂﬂﬂe_me%mw_ﬂu%oam%
Mo 5 S oL e TED 2 2T dsc T b
S0 &2 < 2 T o Y ”
=irils IE EFEm_zianzeg
w2 NN 2 B K7 L = —
o 55 D M g — = W X o) T wm
FE¥E2R  GwmuEpe o _TxTeling
© X T o= ) i By A_I T
wEd S _w BT g PR g™ IF Mo B o
M ST T G TR = Mo =w X . ) LT
TE¥Lte By RRET Ll r MEE
S =& o G o ) [
CE g TERSG W e Xy JMM_%M F R
o, P ated ) zr o = SU e Q1]
T EAEw o WTN W T TG g
Aummﬂ%ﬂ do o N AR o W Ho ow op o P T o T R AR ‘T
IR I
G odp
ofmw T W
TESRE
0T = =E M TR TETATR NPT M
g Z AT B G BUTT g T
¥ KA ) —_— N 0 =0 . i~
,Vudﬁxwwﬂm o RO T A+ WA Nfo WL it ~ oW g nnMo
u%%@zﬂ MW ~ "oy ar B NS B oaR
T S I 1@Wrix.uﬂuﬁkxaﬁm07§1rmm
= IR NE ) o N
%o T 4F A 2 M — ﬂﬂw@%@_@maﬂmﬂlﬁl%w
B T K or %n = o ®oORE R X mo oo
S A N ST L
A i r s _ o) 0 _
ﬁoﬂwﬁo%ébtv Aﬂm_. ;ooﬂovdﬂﬂ ,%u %Mﬁ o XTI ﬂoEP
G U R E R o R
= W & = SO T = B S I U R
TTeZgll PIsRTaTe TRy
E < & N = il o o = —
weoE X Il — o z =
A -8 = % T = Z o g . BB o
2iREZs g o me_PRuazFz oF
RN LS, dgmIw™  Tdnge¥T "
wH T ET N omop X o] o B dp o W T
T WE S o W T o o WO P de
oo I N o, S X _F
- 5o T P %0 A~ B Woo
= BT T % Mo de TE MW B
= HTRET MMM BHERNT M

o

S
A

14

o
jul

7}

2=
N

T

=]
2

8 A

=
=

2 RuFEAG5]6].

- 913 -



2 o7 uhy
2.1 dlol"HAl

oA s AA A7) SAECAA ZHFH AA
o AFdads] 2 A ¥ A7 A B
N A=E A ddem F&arh dE G
< IHFEHD o]h)e zeEds AFstH, A7
T Mgl AgNkal 2 ool Hlw A ot How FH
FEo] o] HFHF AAMNS FE=d A 20S
Tttt
z} Region of Interest

(RODZE 5 H+= Wiats H2ox HdAgs 7 =
g @92 ROIE F=stdvh. 471 & A9 A
HoEE of7 SWo] mHue e Adsisle
o, obdE 2w 2 =% 2AS zZE FNE B
A e r xFesth T 8Us 249 o Aol
gk 250+ Egto]d(EAF FH) dHolEE FHA
ow, Ml A7) Aok Eolw ARE 34 44
ato] F3F dolEAlS TS AT
2.2 A5 A

ROIZ A74¥ 9= 99 el aF g F=
< YCbCr A &b 7Rke] 3§ A2} w7 7|9
S g3t dld 7IHe IR Ex Che Cr
Ad HAE Atstd AR A &3t
o, 2= Wl g ZAAgE =eolr] g8 =<l
F Lt 9] BAe sk

[e)
v 3 wla=7F A g ROI Woll A, Zeldnpch 33t
G A< (Green Channel)®] s Aldtste]l 1x4 Al
AG Az W ¢ Ade FEHUw
(PPG) 215 ol A]

T = T‘:‘
Aow GeA glom, 29 vkl L R A Azel

FFT(Fast Fourier
ZuleA Fo I}

T 4 E4] peak

Yy Aes 24, M =
s AR B9 Au(BPM)E ALt =&
H Aler do]ElE  SNR(Signal-to-Noise Ratio)

714ke] confidence score® A #ZF3lEom EH A
ol = confidence score’} 0.7 ©]74Ql dlolg vt
T B gidez AEstAn. ol o]z 23tk

Vs Eoli, w4 2IEE FHE

2.3 A &4

=9 Alukael sid AR AW A7) A 3
o #BWAE BAFy] 98, wHEGF AnEA
(Spearman’s rank correlation coefficient) & %83}
Atk o] 42 dHolErt AytEEE wEA %
U =9 7)b BAE Fe o 835k, Ao
A&2 Wstet Hao =9 1o dx #AE mof
g T AxF et

T

A IF)E
7re

Aekgs Ea
Whitney U A&

FHAT. o= HEFH 5
FE da 7iYger, A O T4 A
(median)°] EAH o2 23 zolE 7HH=AE
713kt
F7H e, 24 A HolHe A4 HEe HE
at7] &, 47143 %A (Shapiro-Wilk test) % &

B
2Hd A4 (Levene's test)S AASAT F 21 B
T oeEHEA @okvlel, A B SR w7
H RS JA4s HF4ow Aesqdt8l
3. Ag Az
AA delEel] s Spearman
(Spearman’s p)< AAS A, Ao 4
7] A Abolol = BAHORE {93 o
7F 25U (p = -0.6183, p < 0.001). °]+=
Tt EEFE AUdA =22 A5E VES L
of o Ao AeH b AErE 47 4
dA o2 ZAg3g AlAbgtth. 53], o2t

=
aTHE FPH g

oy
fo
o
iy
M

=
&
©

0%

iy

O:

O?_Z_Ll
B L P A )
v M 2 oox X ooy X

ol
il =)

- 914 -



)

__O._

(324 2

K1
o
H

]

14
ol
<u
ol

I-LH

I

ACK 2025

K

BN

o

23!

N

oj
op

R

+
WY

B

53!

N

el

el

JJo

O
o
o7

H

—

._AO

¢
e

~

jl8

722 108 1+ (Perfect Shot)

NREER

103

dleolH =

1% (Non-Perfect Shot) 2 =&

3w

2 A Alzdel A

~E

&
T

E

%

o

nj

b
T
!

o

iz

1
T

24, Tz

o]
o]

Hr

).

el

A

rvie)

-
¢

ml

<P

~

e 1 4

g 43

4

7;7(

#18] Mann - Whitney U

il

SEEERE

REES

0
H

e}

(2

0
il

iof)

85 = 4 bpm=

4
o

<H

)=

ﬂnﬂo

o
v

TR

Lo of

Fe fold Aol ojv)

g3

13 bpmel

ok
o

L
R

o]

Ny
B R

5
T

7|Eo] &

;O.#

<

]

718 A A

o

BN

To
3

folS

i

fiy

T
4o

<

K

N

o
op

&
ol
o
ol
Br
o
N
=<0
w

—

=]
4 g

o] A

5
T

8, A /A

wen, 5

K
o
on
o

¢

oo
2 ®
B° o
do 2
= N
= Np
N
o AF
~ ¥
T <A
Mo o
Gl
=
e
TGS
JI T
ml B :iy
W o
o) =
Jo T
—_ —
N
oo =]
olo N
T ojn
o)
¥
NS
T ®
R r
A
o T
M) o
N o
TN T
~ 5 %
oy o
i3
~ %o o

A <A M LGS ﬂo
G = R N
ﬂ! ﬂﬁ N ..;1_
D %0 M__m Hur of
N o o <
I
oy T olp =0
F R S
T oo R g
B3 R - o
g T E o
oz oF ol T
<y & =
TWT.oom
=
ﬂ;MO O_ ‘Ol AT ﬁ ,Nro
IO Bo
ol o = — T
W o oS )
RO o W ol =
e ‘ul .
B oo T
TR R TR L
Mg = < o’
014g.%§ﬁﬂ B
o AR A [
HoN @ o o
a = =y
5| F 5| E
LU m 3
- o I
%
H
T
o 8 |9 &
N Q| >
~ = S = A
Ik T wET
M_m ek
X
~
7 2
ol I oS
~ T X! —
o I
=n
A =
— = 7o
r = = X
- B Ew
|
Vi oy W og P
el IS =
=

ol

K

T
T

T
N
2]
<

ol

H

|

314

3

el

]

el

\

<0

Aol A

=
K3

371

o))
<

N

pam—
o

xr
il

el

=
=

—

0
A

& 7HAE

olo

ofol A 9]

fuse)

=

|
o

=3
ol
BX
—_
file)

0
o
o
00
T
J)

FA SEA vER

S

o]

<
o

i
=
el

W
=
E

3

oo
syl

T

24, v} ot

st

o R A W
il _WVT

Y

T

ﬁo

Q] %
=

ks
AF
=

BERE
A

& 7
o

e

%79
il

92l
o
s

]
1

ZEDLES

oo TR

el Y]
rw

o ~ IR o

= N

o) o
o

T
i

e

—

<H

o)
L

o

il o

o]

xr
H

N
o

<= Aot

o)
PA

=
T

[si3
=

gl 7]

343

=
=

A e Al

- 915 -



[1] Lu, Y. Zhong, S. "Contactless Real-Time
Heart Rate Predicts the Performance of Elite
Athletes: Evidence From Tokyo 2020 Olympic
Archery Competition,” Psychological Science, vol.
34, pp. 384 - 393, 2023.

[2] Suh, K.H., Lee, E.C., "Contactless physiological
signals extraction based on skin  color
magnification,” Journal of Electronic Imaging, vol.
26, no. 6, pp. 063003, 2017.

[3] Acikada, C., Ertan, H., Tetik, S., "Effect of
heart rate on shooting performance in elite
archers,” Heliyon, vol. 5, e01428, 2019.

[4] Vrbik, A., Frkovi¢, J., Peri¢, M., "Heart rate
values and levels of attention and relaxation in
expert archers during shooting,”  Hrvatski
Sportskomedicinski Vjesnik, vol. 30, pp. 21 - 29,
2015.

[5] Keast, D., Elliott, B., "Fine body movements
and the cardiac cycle in archery,” Journal of
Sports Sciences, vol. 8, pp. 203 - 213, 1990.

[6] Ogasawara, T. Sugimoto, T. Oka, N,
"Archery skill assessment using an acceleration
sensor,” IEEE Transactions on Human-Machine
Systems, vol. 51, pp. 221 - 228, 2021.

[71 Wu, Y.C., Tsai, T.Y. Lin, C.T. "Motion
robust remote photoplethysmography measurement
during exercise,” IEEE Transactions on
Instrumentation and Measurement, vol. 72, pp. 1 -
14, 2023.

[8] Battaglini, M.P., de Oliveira Silva, A.G., de
Oliveira, J.A., "Analysis of progressive muscle
relaxation on psychophysiological variables in
athletes,” International Journal of Environmental
Research and Public Health, vol. 19, 17065, 2022.

- 916 -





