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Abstract

An Application of Deep Learning to
Stress Estimation Based on Breathing Patterns

through Thermography

Takuya Kakehi

In recent years, stress estimation methods using biological signals such as heart
rate, heart rate variability, and electroencephalography have been proposed[l]. Most
of those methods require measurement with contact sensors so that it is difficult to
casually estimate stress in daily life. On the other hand, methods using non-contact
sensors have also been studied. A stress estimation method based on respiration patterns
(RVS) observed through an infrared camera was proposed|2].

In this study, stress estimation was attempted with multi-layer 2D-CNN and trans-
fer learning based on ImageNet using the dataset same as in the literature[2]. The result
of “Low-level-stress” F value was a few percent. This may be attributed to the large
individual differences in RVS, subjective stress intensity, and the bias in the labels of
each stress. In addition, RVS has few “Low-level-stress” specific features and could not
be sufficiently learned by transfer learning with multi-layer convolution. Therefore, this
research examined the application of deep learning to improve the F value of “Low-level-
stress” by focusing on the improvement of the dataset and model performance. In this
study, the proposed method improved the F value of ”Low-level-stress” by about 45%
at maximum on a dataset collected in our owned psychological experiment. However,

the accuracy did not improve more, this indicates that future studies on deep learning
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methods using multiple biological signals are needed.

key words Thermography, RVS(Respiration Variability Spectrogram), Subjective

stress intensity, Stress estimation, 2D-CNN, Transfer learning
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¢ MaxPooling(2,2) ZXXHIZ 2 [H#E DR L, £ D1, Fully connected Z#T, Softmax
WCED 7 IRBIC U7 Ednsg. 5B, FEHEDONA =R F X —=&F, TRy
7% A X300, Ny FHAR50, FERO05T, ANERY A X 28%x28, @by v
VX 5120E SGD MERH XNz, £ 7z, FHliVTAIZIE 8-fold Leave-one-subject-out(Loso)
RAMGEES AW SN,

2 J& 2D-CNN[2] 1T & 5 A M L XOHEEREELZ, 2 7 5 A0 HARFT 84.6%, 3 7 7 AnHH
T 56.5% L MG SNTWE. £/, 2.6 DRFATINCT 22 7 2A5%K L 327 5 R5)
FARHIZ BT 2 X7 OFE R m MR 2 RS . ZRZNDERFITINCEIF 5 Actual Class
X, EBRSMENEBICEAN LA ML A7 7 X%2EKLTED, Predicted Class 13 2 /&
2D-CNN[2] D’ RVS 2 HHEE LA P LRI SR TH B, 275 A7HRED “Stress” 1
94.1% T, 37 7 AR5 5ERED “High-level-stress” 1% 72.8% & ZNZEND T T AIZBWTH
HEMRETHHTETWS., 20—, 27 7 AR “None-stress” & 54.6% T, 3
7 AR D “Low-level-stress” & 38.5% & F ¥ Y AL ~UHEDEE > TED, +

THCEVREE 8 13E 2.

2.3 RVSICED<C R L RHEE DB

Yo

e TlX, 2 7 9 X 5ERED “None-stress” & 3 7 7 AR D “Low-level-stress”
DRBREEDI TR CEL B o L REERET 27012, Xk 2] OEEDL»SHFR—O
F—Xty MEEHELTHESE, 28 2D-CNN[2] iIZiiXx, £ 2D-CNN(3 &, 5/8) &
ImageNet (I THATFH SNz 3 DDBEFEE TV (ResNet-18[15], MobileNet-v3[16],
EfficientNet-b0[17]) 12 & B HEFEEFIC K o TA ML AHEE KA. Z OB, FHMi /5%
VESZHR [2] & [FRRIC Loso RXZMFEIL L LTz,
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2.3 RVSIZHS L X b L AHEE DIBREE

Actual Class

Predicted Class

Predicted Class No-stress _I;;’v';”, f:f:‘,
No-stress Stress -
00 | w No-stress ( ){é¥¥i}ﬂ§?2ﬂ

) = 56.0% . A
RUHESE (57415%) (?594%6) o Low-level,
. . = - 282
E stress (23.4%)
Stress 128 palIE < High-level 0
(05.9%) (94.1%) stress (0_00%)!.__

(a) 2 7 7 ZDIEFTT (b) 3 7 7 ZADREFTTH

2.6: 2 J& 2D-CNN[2] 12K 38R b LR Y T RD KRR

72 HEH U728 2D-CNN ORERK & BEFE T UIC X BB B R DRE & N A 28—
NI X =R EZDINIRT.

e 3 J& 2D-CNN

Redm A&, {2D-Conv.(kernel = nxn, filter = m)4+Relu+MaxPooling(2,2)} % 1
Jay 27 LT, 378y 7 OMFEROMKE L. kernel 4 Xn ik, 1 70 v
ZH»BNEIZ 5, 5, 3T, filter ¥4 Aml¥ 2277 XHERFTIX9, 18, 24 2 LT,
37 7 ANFERFTIE 12, 24, 48 ICEE L7z, DHEBRITOWVTIX 2 8 2D-CNN & [FH
—IZL 7.

NAR=RTR=RIZAL T, TRy 7% 4 F 150 & LTZILIMNISEATIHE [2]
CRILEEL L.

5 J& 2D-CNN

R H 88 1%, {2D-Conv.(kernel = nxn, filter = m)+Relu} @ Blockl ¥ {2D-
Conv.(kernel = nxn, filter = m)+Relu+MaxPooling(2,2)} @ Block2 % Blockl-
Block1-Block2-Block1-Blockl & #it5|#E#i DAL & L7z, kernel ¥4 X n i, JHIZ

5, 5, 3, 5, 5T, filter 4 A m X, NEIZ9, 18, 24, 32, 48 ¥ 2 7 T A HHY 3

- 12 —



2.3 RVSIZHS L X b L AHEE DIBREE

7 I AGERICBOWTRICEREE L. ¥£72, 2B OVTIX 2 8 2D-CNN & [A
—IZL 7.
NAR=NRTRA=RIZEHL T, =Ky 7% A4 X150, FEHE 0.05 & LTznbst
ESEATIIZE [2) LR URRE L L.

o HIFETFINIC & 2infe2ey
ETOETNVRZBWTHHEHBOASHEIDA ML A2 5 2GR IBICEE L,
FHE ORI ImageNet THATEY S NIEHAZHEITTATHIE T — & 2] HICH7ZI12%#
PP, 20K, =Ry 794 E20 & UTEEFRIZ 0.0001 1IZFE L.

27 7 ANERORRZR 2.1 1TRT. @i T, 2 8 2D-CNN[2] D77 FFE DY 84.6%
LS XN TV L, BMGEDOFERIX 70.8% 72 272, T2, ZDfthd 2D-CNN Tl
FEEEDS 66.8~68.0% & REIZFERE ko 7z, 2D —F, BBEFEE T, WIhbEEHM
U, F#1Z MobileNet-v3[16] Tl 82.7% & 72 - 7= FHIZBI L T34 b “None-stress”
XD “Stress” DEMEWAER L 7o 7.

37 7 ADHEROMERER 2.2 1277, 2 8 2D-CNN[2] O 0 FEEE XML OMER L
HlS 2 55.8%TH o7z, —7, ZOMOTADETNICENTD, FEDMA LT,
10~149%K R L7z, £/, FAEICBIL T, 3 8 2D-CNN 2R 2 TDETMIZENT
“Low-level-stress” 1% “None-stress” & “High-level-stress” & DK<, FRCEEBEE %
LB, “Low-level-stress” @ F fHAY 10% A & Mud AWM & 72 - 7.

D ED#RE Y, B EHIE2 77 ADHRICBWTHEE L FEOM _LICEMED D
2rEZLNS. UL, 377 A0%RTIE, “Low-level-stress” @ F fEAMUHIIK T
L, BB Ho/=Z 5, “None-stress” ¥ “High-level-stress” 1ZktXT RVS 1255
CAMLVRHEEDREEZ L EZX 2. X, T—&Ey FOEEFAMEIA+HT
BHoteZ LIWCREKT ZAREMNED D 5.
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2.4 AWHFEDFE

K21 7Kty 2] D27 FAFHMIBIIZEEL F A

F &
FERE

None | Stress

2 J& 2D-CNN|2] 70.81 | 44.89 | 80.15

2D-CNN | 3 J& 2D-CNN 68.01 | 20.16 | 80.00
5 J& 2D-CNN 66.79 | 40.29 | 77.00
ResNet18[15] 71.95 | 40.65 | 81.64

5% | MobileNet-v3[16] | 82.72 | 71.36 | 87.63
EfficientNet-b0[17] | 80.41 | 67.48 | 85.98

£2.2: 7Kty b2 D3 ITAPERICBIAMEEL FH

F f&
KR

None | Low | High

2 J§ 2D-CNN/2] 55.79 | 57.39 | 43.89 | 63.96

2D-CNN | 3 Jg§ 2D-CNN 45.75 | 34.22 | 45.57 | 51.29
5 J& 2D-CNN 55.49 | 58.73 | 37.59 | 65.89
ResNet18[15] 41.34 | 49.49 | 5.37 | 60.86

#5f5°%% | MobileNet-v3[16] | 43.80 | 66.67 | 9.00 | 50.17
EfficientNet-b0[17] | 44.99 | 63.23 | 7.52 | 54.57

2.4 AKHAZDOAFE

2.3 HICTEMEL 72k 2] b [A—DF —&t v M d 2BMAETIE, £J8 2D-CNN
LB E WG EICBIT S 3 7 7 AREROBEIREINTES T, FIig, ik
BFETIE, “Low-level-stress” @ FENENTH 2 Z e DEEHHLMITR o7, Th

37—ty tOHEETFVERICER T 2R H 5. £F, T—Xby MCBL
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il

T, EIMESTH2 RVS E EBHX P L RAHERIMEAZNKREL, MAT, 8 NOER
SIEHIC 2 7 7 AR L 37 7 ANHRICBI 58X LR 52D Z XNVEUR
DDDH27DETDRA N AMERGFICFETERVWEEZIONS. 2, TN
AEICRE LT, RVS X “None-stress” % “High-level-stress” {ZHERT “Low-level-stress”
HORHEEGATWEWD, ZEDEAAATIETTTFEFETETVWRVEEIALR
5. KB, 3275 A5FRFICB VT ImageNet (25D S BRFEE T, 2D-CNN IZEEAR
T “Low-level-stress” @ F {B2% “None-stress” & “High-level-stress” & D K. ZD—
i, 2 7 7 A7 “None-stress” & “Stress” @ F HXHELIZEHWETH S Z &0 5,
ImageNet 125D CEFLAEH D & 51 RVS OEROFHZEE T 512o0, AL R
7 A “None-stress” ¥ “High-level-stress” 122 7 ZNLTWVWA I ENEZILND. OF
D, RVSZ “Low-level-stress” EIH DRz HEDRELTEH T, DERBEITTIC
FElBRVWEEZLNS.

ZD7=, RVSIZH DK A ML AHEZTTD 3D N ERZIIH L, REREH
CBRENRDHD. £ T, $ITHDIC, FKEZHGILZOHERICTT — 22 IUEEL,
2, EANEZENTE ZHILEE X 07 NLOEEICER L THi 2T —& v b
EWRTIBEND L. £, THLHIMA, 7—XERE X PHRHEE X X7 0dE
WX 2B EOMEH T 5 2 & THR SRR o B2 5.

INLEEER, AWFETIE, T—&ty b eETAMRED 2 OfilHA 5 RVS 1ICHED
SR L AHEE DRG] A 72 TR EFE DISHIAEIC OW TR $25 2 T3 277 X

SHERFIC BT 5 “Low-level-stress” @ F fH[A] L2 i A 5.

2.5 #EE

ARETIE, FFHEMAE 52 58 L7z RVS ICED K X b L RHEET (2] DFHEE1
DWTHNz. F7z, 2D 2D-CNN[2] Ik % 2 7 7 X7 HHKF D “None-stress” & 3 7

7 2 FERED “Low-level-stress” DFEEN T ICE L BWRRKFHAED /2D ICEM L 7-%
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il

J& 2D-CNN Y #5832 &k 5 X b L AHEEDRERICN Tz, ZORRED, 375257
HRICB T 2HESWE SN TORVWERZEEL, ‘Low-level-stress” O F fH[A] F1Zxf
TEHIRERICOWTT =Xty OB ETNVEROBIRDL SRz, Z LT, &R,
RVS 25 < 2 b L ZAHEE DREEE] SN 7= AR BT 2 RIEYE OIS H T ko MET
FEHz oW TR,
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5 3=

\ng

RVS ICEB L7148

Kt
l.D N
I_I_
S
=
I
AR

3.1 =

RETIX, 377 ZA7HRICEIT S “Low-level-stress” @ F {E[A] Eiz@Eyy, RVS 125
DA MLVRAEEZTO 320N, TAZIIHLTT—&ty FOHL ET VIR
DWERICEH LRBFEICOVWTIENS.

3.2 AHEICH|TDEER

2.4 FiOARMIEDFEIC TR X H12, 3 77 A3FERFCEIF % “Low-level-stress”
D FEDA EIZIE RVS IZED K A FLAHEE S TO 3 2Dz 2 LTT —
Xty bETAMBOREPLELEZONS. ZIT, AT, Zho0WER
R T, Szl U7z DISEERIC X 2 7 — XN X OME AN ZE 2 A1 C = 2 R L,
Z LT, HEFE BT 2R om LAy 2BEFERICOWTIRE T 5.

3.3 DEERERICLZT—XINE

RIFFIC BT 2 ERSME L, BELRRFAE 114 (BETH, LME4%) THD, F
BRI 19.09(£0.30) T H - 7=,

EBOFHEIX, XM 2] 2225 20V 7 v 7 A (Relax) & Relax %D
A b LAY 2 BEFHN (Q), 5 oM OFREMM (Test), Z LT, Test Ef£D Q % 1
ty b lldaty FEAT (BXZ 60 705R) TR L. 3.1 KIS THEML

— 17 —



3.3 DFHEERIC KL TF— XINE

3ty bdf.’f«ib)iéb
I 1Bh e, ( |
Bata Relax Test Q Relax Test Q 8T
(55D (54>F81) GaE || T (551D
.................................................. }5;&:%606}?&
3.1: ARWFFRICBIT % EBTFhr =
7o BT X 2R T

e Relax
LGEREBZ MR T 272005 7HOV Z7 v 7 ZHMZBILTH 507, ZOKMH
1, A= 73 VORESCHE, ZOBroBETLII3MELLT, VI
AR DB EZ LN IHEEHEEL TS L7,
°* Q
Z b L RIS 3 EEFHMETIE, X 3.2 @ Digital-VAS W CHEIE RO X 5 A
=%V RATEGREPLTHEL TS So7%. &EB, 1ty bHOD Relax EHi%
DQEEBMAPNLUAGFHMADORAEL L, ZH%2HIT Test 2D Q DHIW3 5 L 5125
L7z
o Test
— 5 HEIOBMETIX, SR [2] L FMkIcEh 2N 2 BSOS (easy & difficult)
DFFEHE (Math) & X bv—FHE (Stroop) 28ty MIBWTI VX ALK
MELL. SFEOMERTREBISERT 4 — RNy 7O HEICIOVTDH
[AARICEE L 7z
— AWFETIE, EAZOIHIB LTEZA ML RATZ 52D TN LD¥ELIZENT,
HARED difficult DG E R L2 Z gz, BAEEY—€7 7 7 1 ¥
RHICH B CEZ [EE L.
Math O easy 1% {5000 -= 1} T, difficult 1%, {5000 -= random_int(1,50)} ¥
L7z, EBBIME I, REINEHECH L TEF—R— R0 oE2 R H
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3.3 DRI X 27— XIVE

[RRLZR]

T O
FERICUSVIR USvI2R PLYSYIR —a—hk3N DULARLZR ARLZA FEMICAMLR

X 3.2: ARWFED LSRRI T L7z Digital-VAS

X 3.3: AWTFED/LIFERIC I T 5 RERERET

flie AS1 X872, %72, Stroop D easy IXFOEK L XFOHE—HIH,
difficult TlX, XFOBEEHEICERT ATV A X% T VR LIEH L. E
BSINE I, RSN EMEICH LTy R TEX e R aEIEEINIZR
X7V y 7 LTHEZE.
7P, AEBRICTEMLZHE T 127 J 203 MATLAB2022a 12 X D ERL 72.
— B —E7 T 7 4 WHRITIZIRIME S X F12 FLIR ONE Gen3 for i0S Z{#H L
72, AWERICBIT 2 EBRBEZX 3.3 IR T L5, HEFHKEOTF + 271
A BEBEX 55cm TREIE L, X512, H X 7 HBEE 45cm(43.9cm) IZE%E L 7=
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34 WIS XUOTF—%t v MER

3.4 BMBELUT—XEvY hEE

EAZOMIHENC AT, ODFEEBRICTINE LT —XIIHLT, UTD 1 ¥ 2 OFijLHE
PHL, T— &ty bOEFEICE LTI 3OFERFEA LR, 518, 4DFEICE-
A

T 3 277 AGERFICBIT % “Low-level-stress” O F ED L E % A T-.

1. FBR L RBEDON—R 7 4 iz &k 3 IEH{L (Baseline: Base)
FHA ML RFHAIIIMBAED D 2728, Test EHD S Relax ERDEDE 7L
t53.
2. NEERRIIHR D 7 — & DHIER (Cut)
AEBIAE R, BIRTIC X D MR RE L TWARWATRENED B 2 728, Bikh 30 #)
2 HIER LT RVS 24T 5.
3. NERT— &ty b D¥E(L (Balanced: Bal.)
2O DHETT— Xty FDEELEITS.
o NBIZDEIRD 7NNV 2 ZHIRICEDET T YR LZA—N=F T 7
(Oversampling: Over)
o ABIZZEIRD 7NV EDHIICEDETI VR AE Y BT Y 7
(Down-sampling: Down)
FROWTHDOFERZBWTS 2 7 7 A0HRBE XU 3 7 7 ZA0HRITBIT 28R
FLRZ ZADINVETERETEISMEDT —XDAEE L 7 A MEHT 5.
4. 7 =X+t v b OFEME77E (Separated: Sep.)
Math ¥ Stroop TlZ, BHXINBZ A ML RABENELRZLEZ NS0, LhH
RANCIIWA P L RAZARELTWLIRET —&ty P2l T2528T, 37724
DERICBIABEBLUOEA ML AD FEXNALET 2 L HiFEh 3.

3.5 REFBICEIT3REMLENDNE

GETFEICB T 2RI oSE e LTUTD 1 L 2 FE2EM L.
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il

3.6

1. 7— X415k (Augmented: Aug.)
K - BE SO KERE 1/2 OWELTHML 7.

2. HATEEH X AT DY (Transfer learning: Xfer)
34T X2, TFUHIC, ImageNet THATEE XN BEE T2 (T
DT =Ry b 2QJHIRT 7 A v Fa—=vT L, mdrADRD LEOEAR
HERALT, AERBRTIELLT—&Xty hO¥E L 7 X MHERT 3.

B. C. = ILTC
ImageNetIZT FITHART—4T K%gﬁg%—z)’;;‘c\]‘%l"
ERIFEEEHS IJ74Fa—=vY mm.sh

3.4: Transfer learning O FJIH

3.6 S

RETIX, 3277 AFRIZBIT 3 “Low-level-stress” ® F A Eic@F, RVS 125
DAV AHE L TORAUIH T 2HEBFIERICOVWTART. £3, DHFERTE,
EANZDOHFHI e FRA LR T T 2D T 0VDEEICENT, BT [2] DEBRFH =%
BEENERFHIL 27 — ZIEEICOWTHRE L. 7, BILETIX, RVS & 38
A b L AT DIENERNB XOAEEL T -2ty FOYFEL, 618, 7—&%kv
+ DBERNTENC K o THRAMEER Lo HFEZRE L. 2L T, &EIZ, FE¥EE
2B AR EE T MBI 72 BB R IO W TR L Tz,
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S48

\ng

ST & 2 2R

4.1 $EE

ARETIX, 3277 ZADFRICBIT % “Low-level-stress” @ F {HD A _EIZH 3 2 ei3E Tk
IZOWTHRATIIE T — & [2] L AEBRF — 2 B iR e LMl REE AN S, 2hicd
72D, £, DEERICTNELSNE T — XD 2iTwv, 20k, W&EF
BEEM Lz Z b L ZAOHEERE OFHEFER X b SH%oFEE RN S.

1l

4.2 BMET— XD

AR TIE, DEEEBROBIIC, FE8HA ML AFHEIMZ, FEICBIF 2 EERB X
FC 1A DORIGEED T —REZINE L. D7D, THASHLDT—RIINLTER
ZIEN ZATV, EERSINE IS U TEIRICA b L ADBFEFE I T\ 0 S H il
L7.

4.2.1 FEHX L AFHEDEET

FHA ML RFHEICBE LT, UTD 3 ODOBELRZEE/KES%E UTEML .

1. Test ERDEB R b L AFHID A Z MR E L5 EICEIT S Math & Stroop Z4
ZHOHEZ R DO FIEDZITDONT

2. 1y HOD Relax(FBIFHli O EHE) 512 & KRB D easy Effite D FBIR b L RFF
fliz xR e L7E OFEIMED 2T DONT
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4.2 BME T — X DfFENT

3. &ty FD Relax Ef& & Test Efit2 D EBA b L AFHEDE T Z MR LY
Math & Stroop ZNEN DS LR O FIED #212DW T (Baseline 8 H R O £ 81
Z L ZAFHiiZDWT)

1.2 1 kK

*P<.05

n.s.

1.0 A

0.8
0.6
0.4
0.2
0.0

Easy math Difficult math Easy stroop Difﬁcult stroop
Task

Normalized score

X 4.1: Test BEEDFEHA ML AGFHEDAZNR L LGEICET 5 50 5 O SEEED
FEIZOWVWTDOMRERE

BE 1 ORERZX 4.1 12R7F. Math 1& easy & difficult @ 2 BERI D FEIHEICH E %
W& - 7= (Easy math — Difficult math: t(10)=-8.78, p<.0001) DD, Stroop
TIEREENRD SN2 > 12 (Easy stroop — Difficult stroop: t(10)=-1.41, p=.186).
Test ERDEBIA + L AFHlDAZREDNR L LT5GE, EAROEENR T 5T
WAL, BEINA L ADFHIL b ER 5. SATHIZE [2] T RVS IS8T 3 5L
% Test EED A L ZAZFITAERL TV, RE1DFERID, ZOHETIX, &l
RZATS 2 FER ML RFHEZBEYNICEBTETWRWEEZHNS.
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4.2 BME T — X DfFENT

1.0

*P<.05

0.8 + -
I

0.6

0.4 1

0.2 A

Normalized score

0.0 A

Relax Easy math Relax Easy stroop

Task

4.2: 1 vy FHOD Relax E1% & FifED easy FEMiZED EH R b L ZFHMIIZ O W T OMRIER R

ME 2 OFERZK 4.2 127RT. Relax B ¥ Easy math EfifEOFHA L XAB LS
Relax [Ef% & Easy stroop EMi%D EBR b L RIIFHEEENED KR o 72 (Relax
— Easy math: t(10)=-0.74, p=.475, Relaz — Easy stroop: t(10)=-0.80, p=.4/1). T
FEE X D, Math ¥ Stroop @ easy TlX, A FLRAZFERLTEST, Relax BEXDTHE
A bV AFHIAENDEAEL L DG e D0 h 5.

ME 3 DFER %X 4.3 1Z7R$. Math & Stroop & easy & difficult @ 2 # D FEHE
WZNENHEEDD o /2 (Easy math — Difficult math: t(10)=-5.65, p<.001,
Easy stroop — Difficult stroop: t(10)=-3.73, p<.01). Test [ER]D Relax % F#l
A ML RAFHHEIOFEREE UT Test e DEDTZHMT 2 2 8T, JAREIHN T 22T
BA ML RAZFHMECETWE EEZONS. INEHEZ 5L, Math & Stroop WD
AR C difficult 13 easy ICHNTHIRINCEBRSMEDOR P LA ZFERELTNE I N
aHhB. T, EABCEBRR L AFHEDHELEZFR T 7 2 & THEAEIREN S,
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4.2 BME T — X DfFENT

1.2 1 — *P<. 05
Fk

104 | !
S

0.8 -
3
IS

0.6 -
X
]
% 0.4 -
< 0.2 -

0.0 1

-0.2

Easy math Difficult math Easy stroop  Difficult stroop
Task

4.3: Relax Ef& L Test RO EB R + L AFHIIDET 2 MR E LHEICE T 2 FikidEE s
FE R D FIE D 7212 DWW T ORBUERGTR

BOE 1 ORGER 135725 & 51T ORREH S ERICHEENRBD o EZ 615,

4.2.2 BIEEEXRE L UORIRE DR

B S N BT 5 IEERB X ORIGEEIZOWT, HEKELR 5% L THEL
TR eM 4.4 245 ICENEIURT .

A& B L C, Math ¥ Stroop WJ71ZT easy IZLb-Y, difficult TIXHEREICIEERD
K RLTW3 (Easy math — Difficult math: t(10)=5.60, p<.001, Easy stroop
— Difficult stroop: t(10)=2.31, p<.05). L2»L, K44 iR 5 K51,
Difficult stroop & ZNZND easy & FREICIEERAEHSBLZ §EIHE Ko TV
%. Ziuzxf LT, Difficult math Tl&, [EBFRDFIIED 6 Hlz NHE 2. 8%¥EDOHE
53 B I S E ORRERE R L D, Math Tl easy & difficult @ 2 BERICEEEDLR
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4.3 A ML ROHEEREEE

o * *P<.05
I

Correct answer rate[%]

Easy math Difficult math Easy siroop Difficult stroop
Task

4.4: FREHED R IEE R OWMERR

LNTD DD, Stroop TIXEEZEIIA SN -7z (Easy math — Difficult math:
t(10)=-8.71, p<.0001, Easy stroop — Difficult stroop: t(10)=1.86, p=.093).

PE&b, FREOHZ I L TIEZERIFMET L, 51 Difficult math @ & 5 1278
HARPIRZIVHRETCIIREHEENE TN T 2 2 eI, Zho DR 5 F#
2 b L RBREE L BREIEERE X ORBHE I EES RSN 3.

1

4.3 AL RDOHTEREE

377 ANFRICBIF % “Low-level-stress” @ F HD M RT3 83 FIEICONWT
BMGEERFICHH L 22FEOEEEEE TN X > TRl L7z, 7 — &%t v MIXATH
5P — & [2] LAEBIC K DIVE LT — & B MH L. STy —& 2] KB LT,
BEIZ RVS & EBIR P L RIZK 2 7RI T o - IRREE TR S TE D, AL
ODRETFEZBEATE D >7-72%, Augmented ¥ Balanced D A%z 1T - 72, FF
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4.3 R ML RDHEEREE

kK

*P<.05

[«)]
Il

w
Il

=
1

w
L

Response time[sec.]

Easy math Difficult math Easy stroop  Difficult stroop
Task

4.5: FREHE D) RO S hCas FE oD ME AR

izt LT, 3D, ZNFRDT—Xty P BN RICKEFEEMOGEICO
WTHREEL, Z0%, AMEOEWHABDLEIZOWTCEHEiZIT > /2. F72, FHli5E
WEFEATIRSE [2] & [FIBRIC Loso REMGEEE L.

4.3.1 BFEBEROBER

4D W T DIREE
( FATHRET — 2 [2] ERRIC L IEHE)

e Augmented DFER
2 & 2D-CNN IZ K 2R 2R 4.1 1T, @A LSS, £ 5 TRWEEITHAR,
207 7 A0 37 7 ANEROBENHEIC 6 BR T T 2R ko%k. £IT,
IKFEF e EESFORERE Z NI THEME L 2 Ha 0l s 7o 7. HR%
FA2ITRT &I, KEHRDOAEM LZGAEE, 2277 2A08E 327 5 2575k
DX Augmented ZHH LR WEHE LD I~3% RN L. £/, BESHOD
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4.3 R ML RDHEEREE

ADKIRTIE, XOIHEMERNL, R 3 7 7 A ERROREEIZ/KFEH RO AD
FERIZHANT 8RB T T 28R ko, ThoOMREEZ 2, FICEE
FMO K% #H L7258, RVS ORE EFEETERWRD, KEN EAD
AIUEPMENEEZ bND. TD7D, AFEERT —XI2IE Augmented % HHE T,
ZOMD 5 DDFHRICOWTHHIES 2.

R 4.1: Augmented DEHDOH LD LLEL

7 — ZYLRE | 7 — XINRA

2 7 T A5 70.81 65.19
3 7 7 A HAlE 55.79 48.83
K 4.2: TSI T 6 O g
AKEFIE | HEE T[]
27 2 A58 | 69.61 65.27
3272 A0HR | 52.67 44.77

e Balanced D#iR
#HIZ, K 4.6 12 Oversampling £ Down-sampling @ 2 3@ D T Balanced %@ H L
WD 2 2 AL 37 5 AGHRD ZRAVDIMiERT . 34BN THRABL
ek SWCFHli L 72 WRTDR L RZ FAD T NVERE L TOWRWSINED T —
RIFFEEe T A MHEHLRW. 277 A08EROEE, p3, pd, pbld “Stress” @
T OLVLMRE L TWRWeD, D D pl, p2, pd, p7, p8 D5 A5TDT =X DA
T2, £, 3277 ANHROHEITOWTHERIC, p2 & pT NI 3 OET
DAFVRZ ZADTNVEFRAEL TRV, FEHET X MTEERA LR
— Oversampling 7 F I
207 7 AR 37 F ANTROREL FA MLV A FADF %2R 43 &R

44T . 27 T ADHEROBEIZVWINOIKR IS 28R ko7, —HT,
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1000

Number of samples

(a) 2

1000
I None-stress: 1,621 I None-stress: 964
[ stress : 1,621 y 800 [ stress : 964
X Unused % X Unused
%600
W
Q
qk) 400
Q
g
g 200
0
pl p2 p3 p4d p5 p6 pl p8 pL p2 p3 p4 p5 p6 p7  p8
Participant Participant

7 A FERC B B Oversampling JEA % (b) 2 7 7 ApHERFIC B 5 Down-sampling # %

1000

1000

2]
o
o

Number of samples

(c) 3

I None-stress: 371 I None-stress: 241
[ Low-level : 371 I Low-level : 241
I High-level : 371 yy 800 I High-level : 241
X Unused % X Unused

g 600

3

Q

A 400

O

£

g 200

PL p2 p3 pd p5S  p6  p/  p8 PL  p2 p3 p4d psS  p6  p7 P8

Particjpant Particjpant

7 5 X3 FERNIC BT % Oversampling B % (d) 3 7 5 A¥ERITB I 5 Down-sampling i %

X 4.6: JefTHIZET — & [2] IZ Balanced %M L7z 5 NV D5 F

“None-stress” @ F fHIZ 2K L, &K T EfficientNet-b0[17] D 74.0% &
otz 377 ANERORE X OETVICTH ELEZDDD, “Low-level-
stress” @ F HIZ AR T L, FHZ MobileNet-v3[16] & EfficientNet-b0[17]
W2 K BB T 1.3%~1.6% & Wi K WME & 72 - 7z,

27 7 R EREDORER LD, FHEF—XTIlX, “None-stress” O F HAMEL,
“Stress” BEWVMHEHTH o 7=DIIN L, HEFET —ZTEITD F EHDOZEDMENL
Tl REEZAE, WTHhO¥YEET LS RVS ORI D 7L OHE L
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BHLTW2AREMD D 5.

R 4.3: LATHET— & [2] ZXFRE L7 Over AR D 2 7 7 A7 ORE L FH

AEEE T — & (8 subjects) | ¥F T — & (5 of 8 subjects)
F {# F fE
FaE =23
None Stress None Stress
2 J& 2D-CNN|[2] 70.81 | 44.89 80.15 68.26 | 64.31 71.42
3 J& 2D-CNN 68.01 | 20.16 80.00 62.71 | 40.53 72.84
5 J& 2D-CNN 66.79 | 40.29 77.00 60.06 | 43.87 69.00
ResNet18[15] 71.95 | 40.65 81.64 64.24 | 51.99 71.48
MobileNet-v3[16] 82.72 | 71.36 87.63 74.65 | 69.85 78.13
EfficientNet-b0[17] | 80.41 | 67.48 85.98 77.14 | 73.97 79.63

= 4.4: TR T — & [2] BXRE L7z Over AR D 3 7 7 A0 FHOKE L F E

A5 T — & (8 subjects) Y7 — & (2 of 8 subjects)
F fE F fH
FaRE FaRE
None | Low | High None | Low | High
2 J& 2D-CNN|[2] 55.79 | 57.39 | 43.89 | 63.96 | 43.94 | 52.85 | 13.22 | 66.10
3 J& 2D-CNN 45.75 | 34.22 | 45.57 | 51.29 | 51.21 | 64.58 | 44.83 | 47.37
5 J& 2D-CNN 55.49 | 58.73 | 37.59 | 65.89 | 31.18 | 58.59 | 22.91 | 14.48
ResNet18[15] 41.34 | 4949 | 5.37 | 60.86 | 36.57 | 35.71 | 7.49 | 61.56
MobileNet-v3[16] 43.80 | 66.67 | 9.00 | 50.17 | 55.26 | 67.56 | 1.59 | 74.08
EfficientNet-b0[17] | 44.99 | 63.23 | 7.52 | 54.57 | 52.56 | 63.69 | 1.25 | 69.42
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— Down-sampling it F If

27 AR 37 5 A5

4.5 ¥R 4.6 1TR-T.

FHERBORBE Y 82 NL A2 SZADFEZLITTDFHE

£ 4.5: TR T — & [2] ZXRE L7z Down EHRD 2 7 5 A FHOKE L F E

A5 T — & (8 subjects) | ¥F T — & (5 of 8 subjects)
F {#
FRRE FERE

None Stress None Stress

2 J& 2D-CNN|2] 70.81 | 44.89 80.15 52.07 | 20.07 65.78

3 J& 2D-CNN 68.01 | 20.16 80.00 50.00 | 0.00 66.67

5 J&§ 2D-CNN 66.79 | 40.29 77.00 50.00 | 0.00 66.67

ResNet18[15] 71.95 | 40.65 81.64 50.26 | 0.00 66.78

MobileNet-v3[16] 82.72 | 71.36 87.63 50.00 | 0.00 66.67

EfficientNet-b0[17] | 80.41 | 67.48 85.98 50.00 | 0.00 66.67

+* 4.6: AT T — & [2] ZX5 Y L7z Down ARD 3 7 7 AN FHOMEE L F H

A5 T — & (8 subjects) YT — & (2 of 8 subjects)
F fE F fE
R K

None | Low | High None | Low | High

2 J& 2D-CNN|2] 55.79 | 57.39 | 43.89 | 63.96 | 59.14 | 69.11 | 51.67 | 56.08
3 J& 2D-CNN 45.75 | 34.22 | 45.57 | 51.29 | 58.86 | 55.98 | 45.39 | 72.16
5 & 2D-CNN 55.49 | 58.73 | 37.59 | 65.89 | 66.95 | 74.21 | 68.68 | 55.87
ResNet18[15] 41.34 | 4949 | 5.37 | 60.86 | 60.25 | 75.83 | 26.50 | 66.19
MobileNet-v3[16] 43.80 | 66.67 | 9.00 | 50.17 | 35.15 | 16.67 | 0.00 | 58.60
EfficientNet-b0[17] | 44.99 | 63.23 | 7.52 | 54.57 | 37.52 | 0.60 | 1.92 | 56.21
2 7 AGERORBEITVITNHIETL, 28 2D-CNN[2] ZFR<, WIhoE

— 31 —



4.3 R ML RDHEEREE

TMZBWTF ¥ VALV R D GEANR[TH o7z, £, FMEIIEALT, W
THBHIEPL, 28 2D-CNN[2] DTl “None-stress” 25 0% & 7% D, “Stress”
DR L PEETETVRWERE Ko, ZO—FHT, 377 AHKOE
1% 2D-CNN & ResNet[15] (Tl EL, R 5 8 2D-CNN T, &b EW»
67.0% 72572, F7z, FAEIZBE L T “Low-level-stress” TIX D ETNMIZE
WTTAl L L7223, MobileNet-v3[16] ¥ EfficientNet-b0[17] & & 2 xf52# 3 Tk
0.0~1.9% & T HIMR N T 2HRE R o 7.
FEED Oversampling & Down-sampling DAEHR K D, NIEFERT -2+ v b DFF
RIERBER B2 LT3 LB EMRFIELIEZE ARV, K, Down-sampling i#
RFRHIZEBI 2 2 7 7 A ERFOREE X, 2 8 2D-CNN[2] ZBR 2 TDETMIBW
TF ¥ VALLE D, RVSICHEHD LK X L AHEDLRARETH o=, —F, 37
A HERHE, —HRDETNMCEBWTHEE & “Low-level-stress” @ F HIZEEN R S
Nz, UL, 24 BN TERARZ X512, RVS 12X “Low-level-stress” [EH DRHHH
EFENTORWEARE LGS, ZOMRIITESEL V. £72, Down-sampling
FIREIC, Oversampling #HKHICIE, FBEDOKENRONB L o7H, FRXA ML RY
FADFEIZBELT, L7z RVS CEFNIFHEDRIA e BT 2 2 b, i
YN C & TWARBEMENE W, X512, TNIERT—X Ly FTlX, LD
WOEBEZZE LT —Xty b2 OETI, FHEPFHEEEICR S
EZbNb.

( REERT — R 7EXRIC LIFHE )

e Baseline
2 J& 2D-CNN[2] 1T X B #iR &5 4.7 \T/RF. Baseline Z#H LR WSS, 277X
TETEF Yy VALV NED, BEARITH o703, #EHT 258132277 X
DHEE 37 7 AGEINFIBWTHEARE o7z, 2L DFRIE, K41 &
4.3 1ZR L7 Math ¥ Stroop WD 2 DD ERICHEREZN D 3 Hr 602 B
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LTWaeEZONS. EBE, TEBR L AT 2 HERZR T L5E, EAEN
BHMXN TV E T OREICBVWTHEENRD O, HEEEICELTY
Baseline i L & D & 10%f2E\\ME L 72 o 7.

ZOFER XD, Baseline XM EN EAOHMENE N EZ SN D720, REH
WEDINE LT = RIEHEREHA L FBA L RO TRV EHWE L T 5.

X 4.7: Baseline OJEH D H D g

Baseline # | Baseline &

T FEIRF 46.75 57.10

T RARE 38.22 48.37

e Cut

220 7 ANERE 377 APHRICBITBHRZLITOR 48 LK 49ITRT. 27
7 ZAER OB DET T TH EL, 28 2D-CNN[2] © 61.1%H3 & b FEW
Eriol=. £/, FMEICBE LT, “None-stress” I3 AT 704%E %2725 DD, 2
J& 2D-CNN[2] & ResNet18[15] A TIFME T L, “Stress” DHIZDOWTIEWVWTND
KRI 2R o7 37 7 ADFROKEIX3EL 58D 2D-CNN Z2FR<, ¥
B EoEF T EL, ResNetl8[15] @ 52.0% b EWMEE 2o 72, Tz,
“Low-level-stress” @ FAHIZOWT & FRDET M TH LT BHER L 72 o 7z,
ZORRE D, FHEFBAEHE 30 MEITEREFICI DRI ZELTEH T, LN
WO 7 — 2 ZHIBRT 2 Z I X o TEABIC—E L RVS AR IhTWw5. D
%D, RVS KBIRMAEDRMEINTWEEEZ LN 720, HERERLEAD
BIMEDHIREINS.
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F 4.8: Cut HHKED 2 7 7 AHOKEE L F A
Cut Cut &
F fE F fE
153 Ko

None | Stress None | Stress

2 J& 2D-CNN|2] 57.10 | 66.26 | 41.14 | 61.13 | 70.43 | 43.31

3 J& 2D-CNN 57.14 | 65.73 | 42.78 | 47.39 | 57.05 | 32.13

5 J& 2D-CNN 56.02 | 65.24 | 40.15 | 52.99 | 63.23 | 34.85

ResNet18][15] 56.91 | 66.30 | 40.27 | 57.24 | 66.90 | 39.60

MobileNet-v3[16] | 53.32 | 66.36 | 35.71 | 55.42 | 65.22 | 37.92

EfficientNet-b0[17] | 59.61 | 67.77 | 46.09 | 56.62 | 66.78 | 37.50

F4.9: Cut HHAKD 3 7 7 ANHOBEL FE
Cut I Cut &
F fH F fi&
FE FEE

None | Low | High None | Low | High
2 J§ 2D-CNN|[2] 48.37 | 40.10 | 46.16 | 57.16 | 49.70 | 42.41 | 47.80 | 56.56
3 J& 2D-CNN 50.22 | 40.18 | 48.87 | 60.37 | 32.47 | 39.64 | 34.83 | 24.63
5 J& 2D-CNN 45.42 | 27.81 | 45.99 | 57.58 | 42.82 | 31.40 | 41.89 | 52.69
ResNet18[15] 42.43 | 33.58 | 43.77 | 48.26 | 51.95 | 43.33 | 55.95 | 54.62
MobileNet-v3[16] | 36.80 | 32.58 | 35.45 | 41.45 | 42.92 | 39.18 | 36.75 | 50.26
EfficientNet-b0[17] | 37.35 | 39.39 | 26.38 | 44.82 | 38.53 | 37.51 | 24.49 | 48.95
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e Balanced

#DIZ, X 4.7 12 Oversampling ¥ Down-sampling @ 2 i D T Balanced % L 7z
BRD 2 7 7 AR 3 7 5 AGHRD I RNVDIMZRT. 27 7 AT,
pd & pb ZRS ONTDT—2%, 377 A7HERTIE, p3 & p6, p9, plo D4 A
DOT—REEBETAMIEHALE. 227 7 2A08RB X037 7 A0HRICE
B8R MNLVAT T ADTRVEBUIK 4.7 D a~vd ITRT DI, TR ENER 5.

I None-stress: 3,646 [ None-stress: 1,459

1000 [ stress 13,646 1000 Pstress 1,459
X Unused X Unused
800 800
g $
3 S
& 600 & 600
3 ]
5 N
N S
3 s
Q 400 © 400
E E
S 3
< 20 < 0
0 0
pl p2 p3 p4 p5 p6 p7 p8 p9 plOo pll pl p2 p3 p4d p5 p6 p7 p8 p9 plOo pll

Participant Participant

(a) 2 7 7 APHERHTBT % Oversampling @ H % (b) 2 7 5 A3 HERHC BT % Down-sampling %

I None-stress: 435
[ Low-level : 435
I High-level : 435

I None-stress: 1,019
W Low-level : 1,019

I High-level : 1,019
1000 k X Unused 1000 X Unused
x v
“ 800 “ 800
Q Q
IS I
& g X X X
a 600 a 600 0 0
NS NS
Q Q
N N
8 400 S 400
S S
< <
200 200
0
pl p2 p3 p4d p5 p6 p7 p8 p9 plOo pll

pl p2 p3 p4d p5 p6 p7 p8 p9 plOo pll

Participant Participant

(c) 3 7 5 AT FRIZ B 5 Oversampling # A% (d) 3 7 7 R3FRIZB Y 5 Down-sampling i fH#%

4.7: RFEEF — &2 Balanced Z M L7z 7 XD Fh
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— Oversampling 7 FH
27 7 AHR e 37 7 ANHEROBELEA ML A I ADFEZE4.10 &

£ 41117,

R 4.10: KEBRT—ZEZHRYE Lz Over KD 2 7 5 A5HOEE YL F HE

A5E T — & (11 subjects) | ¥JFE T — & (9 of 11 subjects)
F fE F fE
122 FaRE
None Stress None Stress
2 J& 2D-CNN|[2] 57.10 | 66.26 41.14 56.21 | 60.35 51.11
3 J& 2D-CNN 57.14 | 65.73 42.78 54.21 | 56.45 51.73
5 J&§ 2D-CNN 56.02 | 65.24 40.15 54.42 | 61.04 45.08
ResNet18[15] 56.91 | 66.30 40.27 45.90 | 52.94 36.38
MobileNet-v3[16] 53.32 | 66.36 35.71 47.42 | 52.68 40.85
EfficientNet-b0[17] | 59.61 | 67.77 46.09 54.14 | 58.25 49.13

RKA4.11: KEBRF—X2E2MNE L L7 Over WHKD 3 75 A0MEOKE YL F{E

A% T — & (11 subjects) )57 — & (4 of 11 subjects)
F fE F {&
FaRE FaE
None | Low | High None | Low | High
2 J§ 2D-CNN[2] | 48.37 | 40.10 | 46.19 | 57.16 | 45.83 | 38.35 | 51.98 | 46.46
3 J& 2D-CNN 50.22 | 40.18 | 48.87 | 60.37 | 49.26 | 39.22 | 44.43 | 63.79
5 J&§ 2D-CNN 45.42 | 27.81 | 45.99 | 57.58 | 42.53 | 36.91 | 41.00 | 48.73
ResNet18[15] 42.43 | 33.58 | 43.77 | 48.26 | 38.11 | 15.61 | 46.66 | 43.86
MobileNet-v3[16] 36.80 | 32.58 | 35.45 | 41.50 | 45.57 | 41.65 | 46.78 | 47.65
EfficientNet-b0[17] | 37.35 | 39.39 | 26.38 | 44.82 | 35.95 | 26.01 | 34.52 | 44.65

27 7 ANFEROBEEIXNTNHIETL, “None-stress” @ FEHIZBI L THIET
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T AR E IR o7z, 37 T AFRFOFEEX MobileNet-v3[16] TD A\ EL 7
DD, “Low-level-stress” ® F HIX 3 @& 5 D 2D-CNN ZR< ETMICE
WTH LT 28R o 7.
— Down-sampling i /¥

207 7 ANERE 37 7 ANERORBELRA N LA RADFEZEK 412 &
£ 4131 F. 2 7 7 AR OFEE X ResNet18[15] & EfficientNet-b0[17] 12
TH_EL7z. “None-stress” @ F flld 3 J& 2D-CNN DA L L7223, Zofin
FTHZBWTHILT L, [FKIZ “Stress” IZOWTHIK T MR R o7, 3
7 ARHEROEEIX3EE 5 BD 2D-CNN 2R EFUICTHEL. £
7z, “Low-level-stress” ® FHICBI L T, FHDETNVICBWTHENR SN

23, 3J8 2D-CNN Tl 0.0% & 72 o 7.

R4.12: RERT—KZMR L L Down #HKOD 2 7 5 25 HOKEE L F A

A% T — & (11 subjects) | ¥JFE T — & (9 of 11 subjects)
F fE F fE
W =13
None Stress None Stress
2 J& 2D-CNNJ2] 57.10 | 66.26 | 41.14 | 56.48 | 62.49 48.25
3 J& 2D-CNN 57.14 | 65.73 42.78 51.95 | 67.55 7.52
5 J& 2D-CNN 56.02 | 65.24 40.15 53.22 | 64.26 32.33
ResNet18[15] 56.91 | 66.30 40.27 59.60 | 63.05 55.42
MobileNet-v3[16] 53.32 | 66.36 35.71 47.74 | 64.61 0.01
EfficientNet-b0[17] | 59.61 | 67.77 46.09 59.90 | 61.08 58.66

EEE D Oversampling & Down-sampling DFER L D, BETIX, 2 77 A5HEKD
“Stress” @ FEDMEICIK TN L, 72, 3 7 7 A7HRICIE “Low-level-stress” @ F
B 0.0% 2R BGEDD o7z, ZHUIXT LT, HiED Oversampling TlE, &KX b
LVRZ 5 ZAD FAEPRHIIE RS 258037802 226, 2EREEZEYNCFHEEC

— 37 —



4.3 R ML RDHEEREE

R 4.13: AEBRTF—2Z2ME e Lz Down BHKD 3 75 A7MHOKE YL F{E

A5 T — & (11 subjects) ¥ 7 — & (4 of 11 subjects)
F fE F fE
R R
None | Low | High None | Low | High
2 J& 2D-CNN|[2] 48.37 | 40.10 | 46.19 | 57.16 | 52.59 | 49.76 | 55.13 | 52.77
3 J& 2D-CNN 50.22 | 40.18 | 48.87 | 60.37 | 33.33 | 28.57 | 0.00 | 46.15
5 J& 2D-CNN 45.42 | 27.81 | 45.99 | 57.58 | 39.71 | 21.41 | 40.03 | 52.58
ResNet18[15] 42.43 | 33.58 | 43.77 | 48.26 | 53.91 | 54.40 | 51.38 | 56.06
MobileNet-v3[16] 36.80 | 32.58 | 35.45 | 41.50 | 37.87 | 38.32 | 44.53 | 27.47
EfficientNet-b0[17] | 37.35 | 39.39 | 26.38 | 44.82 | 49.71 | 54.27 | 29.07 | 58.14

XTWBAREED D 5. ZD7=, Oversampling 12 & % Balanced % F\\ 723l 23
R TRD.

Separated

£ 4.14123 7 7 AR ORER Z /RS, Math DF5EI 39.5%~54.0% T, Stroop 1
37.9%~52. 7% e BT AR e e o 72, FAEIZBIL T, Math @ “Low-level-stress”
1 0.0%~7.4% & #i IZRWET H - 7=—75, “High-level-stress” & 3 DD X b L &
77 ADHTIHRbEWHEE o7z, F72, Stroop TWEMNBDIERE D, “Low-
level-stress” b EWHE R o7z, I EDOFEE LD, Math FEITHRFD RVS 121
“High-level-stress” DRHEMNZ { & F 41, Stroop FEITHRHITIX “Low-level-stress” DFF
2 EEN TV S A[REED @,

L L, X 4.812/RT Separated HHKFD 7 XV D 3 HfERI NS L5, HE
B, Math O 7 —&t v MX “High-level-stress” @ 7 XY EU LEZHEDHTED,
“Low-level-stress” 3fE#ICAD 72 W, F 7z, Stroop T, “None-stress” & “High-
level-stress” IZEERT “Low-level-stress” 23Miiic % <, FEU EEHDHTWE. &

DEIBTRILDIFEDIC K > T Math & Stroop TIE F HDEDSMROFER L 72 -
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3% 4.14: Separated BHKFFD 3 7 7 A FHOFEE L F H

Math Stroop
F f& F fE
K K
None | Low | High None | Low High
2 J& 2D-CNN|2] 43.39 | 22.08 | 0.00 | 58.73 | 40.21 | 27.28 | 55.72 | 0.00
3 J& 2D-CNN 49.49 | 24.20 | 0.00 | 63.85 | 41.96 | 17.26 | 58.35 | 0.00
5 J& 2D-CNN 39.49 | 1741 | 0.00 | 55.45 | 37.84 | 19.83 | 54.04 | 7.11
ResNet18[15] 49.40 | 29.78 | 0.65 | 63.77 | 52.71 | 29.76 | 67.29 | 5.15
MobileNet-v3[16] 47.86 | 32.30 | 7.43 | 60.57 | 3897 | 11.94 | 51.34 | 26.78
EfficientNet-b0[17] | 53.97 | 36.86 | 5.00 | 65.81 | 48.63 | 8.84 | 63.27 | 23.66

TWhkeEZohd., 20k,

Z @ Separated HHAKFIZIZZRA ML AT F XA DiH

)72 7 ERE R % Bl Z 720,
| I None-stress: 1,019
350 [ Low-level  : 291
‘-High-level 11,753
300 0 0 0

Number of samples
= = N N
o w o w
o o o o

w
o

(a) Math

4.8: Separated BEHIKRFD 3 7 7 A3 FERFD 7 V734

e Transfer learning

2 4.15 £ 3 4.16 \[TIBEFEIC L AR ERT.

pl p2 p3 p4d p5 p6 p7 p8 p9 plOo pll
Participant

350

| I None-stress: 874

Number of samples
[y =1 N N w
o w o w o
o o o o o

w
o

-39 —

[ Low-level : 1,752

I High-level : 582

0

pl p2 p3 p4d p5 p6 p7 p8 p9 plOo pll

Participant

(b) Stroop

0 0
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5% 4.15: Transfer learning KD 2 7 7 A 3FEDEE L F {H

Xfer fH Xfer H
F & F {E
FEEE K5

None | Stress None | Stress

ResNetlS[lS] 56.91 | 66.30 | 40.27 | 59.64 | 69.03 | 42.10

MobileNet-V3[16] 53.32 | 66.36 | 35.71 | 57.33 | 66.50 | 41.24

EfficientNet-b0[17] | 59.61 | 67.77 | 46.09 | 61.25 | 70.29 | 44.32

5 4.16: Transfer learning #HKRFD 3 7 7 AN FHDEE L F 1H
Xfer i Xfer B
F & F &
FERE FERE

None | Low | High None | Low | High
ReSNet18[15] 42.43 | 33.58 | 43.77 | 48.26 | 45.29 | 39.35 | 46.37 | 49.57
MobileNet-v3[16] 36.80 | 32.58 | 35.45 | 41.45 | 40.95 | 36.61 | 36.45 | 48.27
EfﬁcientNet—b0[17] 37.35 | 39.39 | 26.38 | 44.82 | 30.06 | 40.01 | 12.92 | 35.13

2 7 7 AERKIEIWTBREEDL M EL, &AKT EfficientNet-b0[17] 1 61.3% &

o7z, F72, “None-stress” ® FHIZOWTHA LT 2R/ 375X

S ERFTlE, ResNet-18[15] ¥ MobileNet-v3[16] i THEE DM EXR SN2 DD,

EfficientNet-b0[17] TI&F v Y AL~V % RED | 3B TETWARWV. “Low-level-

stress” @ F{HIZDWT B [FIERIZ, ResNet-18[15] & MobileNet-v3[16] Tlde L7z

b DD, EfficientNet-b0[17] TIX 12.9% LK R L 7=.

EfficientNet-b0[17] D&, 3 7 7 A HKOBEIWE SN TVWRWHRA L LT,

ResNet-18[15] & MobileNet-v3[16] £ D b X HIZZFE Ko TWB 28, FfTHI%

F—=&R 2 DF—RZARRIICEH L TETFTALDT 74 Y F 2 —= Y IB+5I{TZT

Wi o RlREENH B, ZFD—T, M2 Oo0ETITIE, BEL: FEIALEL
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T, GtrEmneEAohs.

M EOSFEEMTONERES XU F EHA EANOFEIEIOWT O, A, x D3
FECRHE L 7245 R 2 LR DR 41712 2 5. %73, Baseline & Cut, Transfer learning
WKOVWTIEWITND 2 77 ADEB LU 3 7 7 A75BRICBWTZNEHEA LRV
BT THE L FEIckEn R osN7. £72, Balanced ® Oversampling TlX, &
Er FHEPMET255bHD, MAT, R MLRY T ADSFEME Z BN G 3
2HFEE LTRHETHDIEEZONS. ZD—F T, Balanced ® Down-sampling T,
BT —RDOBHYFIZL - T, 2277 RAPHRFTIL, “Stress” D FEL 3 7 7 A5FEKRT
1%, “Low-level-stress” @ F EAMRIGICIR NS 235803H D, 75NEE 2 @Y FHE 3 2
ZEMTETVWRVWEEZLNS. EHIT, Separated & Augmented TlX, ZHLEFN,
it 72 7 <L DR DICRRE U THBREE 2 BYNCFHET 23, HBRBED 10%R KT 3
ZEER o, TS DR EZIICKE T, BMMEOEVWEE X 5415 Baseline &
Cut, Balanced(Oversampling), Transfer learning4 0 DEHFIEEHAGHEICOWV

THREES 5.

R 4.17: FFREEHOEREICOWTORER

RRFIL At
Baseline O
Cut O

Oversampling A
Balanced

Down-sampling X
Separated X
Augmented X
Transfer learning O
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4.3 R ML RDHEEREE

4.3.2 BROFEzHEAESLELEMMEIC DLW TORRE

HIEICIX, RVSIZHD < X b L AHEE DFEEEA_L %2 B AN SRIF 2 /il U 72 DEREERIC
£ 37— ZIUE L FAER BN X 2RMES 2 LT, FEEPEE T ORI
HomErwoZe KEL 3 2DHEFIEICOVWTENZNEIMO AR Z ML L 7. #
B ¥ LT, Baseline ¥ Cut, Balanced(Oversampling), Transfer learning TIZFFE B &
K325 AHERIZBIT % “Low-level-stress” @ F [l EADBERMEAE VW EE Z 50
2728, ZOA4DORTEHAEDELETFIHREICOWTHIE L. £/, ZOR, s
¥ LT, BT T — & [2] IZ Balanced(Oversampling) D& L7 Fikx vz, &
RELLTFDORK 4.18 ITRT.

x 4.18: AFEERT — &2 Base+Cut+Bal.+Xfer ZfHAEDHLE 3 7 5 A HKORE L FED

g
FATWIFEL T — & (2] RERRT — X
F fE F f&
FiE HEEE

None | Low | High None | Low | High
ResNet18[15] 36.57 | 35.71 | 7.49 | 61.56 | 35.14 | 17.80 | 13.50 | 49.31
MobileNet-v3[16] 55.26 | 67.56 | 1.59 | 74.08 | 27.53 | 20.65 | 7.68 | 39.80
EfficientNet-b0[17] | 52.56 | 63.69 | 1.25 | 69.42 | 32.88 | 17.98 | 2.97 | 49.34

AEERT — XL T, “Low-level-stress” ® F {HIZ Wb M. E LD, Jefrise
7 — & [2] IZ Balanced(Oversampling) O A L7356 & IR L TZ OEIIEHNTH -
Fo. F72, FEEWBEL X, BT X 2] KD BETL, HifFT2BREHAsA
Bhrolz. &I T, AW TIE, Baseline & Cut, Balanced(Oversampling), Transfer
learning % 3 DF 7%, 2 DALY THRICHMIEL 7z 25, REBRT —XIZ
Baseline ¥ Balanced(Oversampling) D AJEH L7z HE03 R BWHER R o7z, IR
DEK 419123 7 7 AFHERICBII2HELBANL R 72D FHEZRT.

FREFEMIC, AT T — & [2] I Balanced D AEHA L 725G A e L7z 2 3,
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4.4 FEE

& 4.19: ARZEET — X2 Base+Bal. ZflA S OE= 3 7 7 AHHROREE L F HD L

FATHISE T — & [2](Bal.) AEERT — & (Base+Bal.)
F {Hd F fE
FiEE FiRE
None | Low | High None | Low | High
2 J& 2D-CNN|2] 43.94 | 52.85 | 13.22 | 66.10 | 45.83 | 38.35 | 51.98 | 46.46
3 J& 2D-CNN 51.21 | 64.58 | 44.83 | 47.37 | 49.26 | 39.22 | 44.43 | 63.79
5 & 2D-CNN 31.18 | 58.59 | 22.91 | 14.48 | 42.53 | 36.91 | 41.00 | 48.73
ResNet18[15] 36.57 | 35.71 | 7.49 | 61.56 | 38.11 | 15.61 | 46.66 | 43.86
MobileNet-v3[16] 55.26 | 67.56 | 1.59 | 74.08 | 45.57 | 41.65 | 46.78 | 47.65
EfficientNet-b0[17] | 52.56 | 63.69 | 1.25 | 69.42 | 35.95 | 26.01 | 34.52 | 44.65

FEREICE LT, AFEBERT—&2TlX, o ricthm bl £/, FAEIZELT,
“Low-level-stress” Tl&, 3 J& 2D-CNN Z[R< ETFT/MICBWTKIRICH L5 2#5R 7% -
7. L L, RAL LT, BiF%ET—& 2] OADPREENIEL, EX0N3EEE L
T, JEATHI%E T — & [2] IZ Balanced Z#H L7256, 8 A2 AT T =X Lr¥EE L
TAMIEHLTEST, BARICHEAZIC K ZHEINE o AlREED D 5.

4.4 EE

AIFZETIE, RVSIZED L R ML RAHEEICBT S 3 7 7 A0 HEROREER ik
b, WETRE “Low-level-stress” O F HICEH L THEZFEOBKH B X CFHEi21T -
oo RELT, REBRICEDIINELLET XL TEBRA P LRBEDRN—XZ
4 MEIZ & 5 EHAL (Baseline) ¥ R F — &€ v b 0E(L (Balanced) %3 2
Z X THRATIIZE T — & [2] IH#E L T “Low-level-stress” @ F A KIEICA EL, R
MobileNet-v3[16] Tl&, AT 45%A L7z, —J77, FECHEL QXIAGT 2ERM1E
LR o TTd, SHOMEE LT, REERT — X120 L T Baseline & Balanced % i#
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4.4 EE

M L7BRD “Low-level-stress” @ F HEZ#HF L7 L EREDOR EBBETH 5. AW
TU, DEEREEMLZEE, R b LR, JEHE - PR - HERGICOWTH 7 —
ZEWELTED, RVSIZESWTZALNOREIEOHEEEE ZMGEE L 7455, & EIE
WX T AHEOHG EROFEICEREEND 255D AMERRETH o 72. EFRIT,
FHR LR FRBICEREKEER 5% LT, Math & Stroop D& afrEDHE S FER (casy
¥ difficult) i DOWTHIGD B % t MIEIC & o THHT L 7SR ELIFDOR 4.20 Z/RT.

& 4.20: BIFINY 2 BREHE S KR OMERIR (FEKEE 5%)

Math (easy — diff) Stroop (easy — diff)
ZMLVR | t(10) = -5.65 | t(10) = -3.73
WHE || t(10) = -2.85 | t(10) = -1.59
Pt || ¢(10) = -8.48 | t(10) = -1.15
HEERS || t(10) = 4.68 | t(10) = 2.43

7 7B <.00)

Math IZBIL T, R FLREZDMOTHOEBICBVWTHERENA SN, ZOH
REb, 2KED Math 1%, SIRICHEARBELZFRIEZ 2808955, Stroop T
X, AL REHEBERJICTHEEEZPAONZD DD, BEHE L RARIZOWTIEE
BEDPBDHNT, Math ITHRNTHRAEEzHAHETETVWRVWEEZLNS.
N DOREREZHE 2, ImageNet IZ THATFEEFEAD 3 DDOREFEET L (ResNet18[15],
MobileNet-v3[16], EfficientNet-b0[17]) 1235 S5k & - T, 9 EREE 2 MRFE L 7=

FERZR 421 1TRT. K421 HMEREINS K5, X L REEERKD X 512 Math
¥ Stroop W T 2 DDFRHEHE G LR (easy & difficult) WCHREENDH ZHEDA, \WT
NOETNVIZBVWTSH 2 75X 37 AR IELLITS Z e TER. 20—
J7C, JEHHE L PRARD X 512, Math & Stroop W THEAENTD &7 WEEIC B
LTCE, —HoETNMCT2 77 A55HKE 37 7 ADERORBENF ¥ VAL )L%

BRIz DD, RETTEIEAA R o7, INODFIENS, RVSITESS R ML
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AHEE DRI DI EBRIC TR T 2 7 — X OEIKFT 2R E W e ZE A 6N 5.

£ 4.21: 3 OOBFET NI X 2 EIEDO D FEREE (%)

2 7o A ERE | 3 7 5 R SERE

AFLVA 71.95~82.72 41.34~44.99

aatin 48.37~51.89 30.55~35.57

L GNES 42.51~45.11 24.19~32.42

HEEIRS || 52.77~61.36 | 38.80~47.49

ABFFETIE, RVSIZHED L 2 ML RAMEDMEE R EAmT, DFEERIC X 27— &I
LY, Z LT, EEEEICEZ R LVRHE, TAZUT L TSEREZHL 2.
Jeih U7 KNS b B S R OB R S X U0 EREORME LD, RVSICEIL R
FLRADBWVIE, BIEOHEREIZODHEERCTNET 27— X DHIKFET 2 ER
bhd. 20D, 51&IZ, BRLIEHDHHNICE > TOEERZFEML, 77— %I
T2 e PREEFE 25, BRMNIC, AEBROMER LD, Math EIRMICH 4
RIBEEEZFERTDIENTEREZONS D, THELILVWS Z ZFIZ)E T T Math
DHZERFEEZETEL, i, RFMRAICEDOWTZYRERSINE D NBEHERT 5
RERDH L. X1, Vv 7 ROV -7 77 4 L, FHHA ML RBEEY
FIRRICR =2 T4 & D RVS ZIERULT 2 2 8 THENRE SN ZAREEDIH 5. &
7o, DEEBIC K 27— XPERICMZ, ATLEY €7V HRIZOWTHREILETDH
5. £7, ATAEICBIL T, ABIZETI, BT 2] L FEERIC, ARSI X F12& 5
TR LRI —€ 275 7 42006 1 KuOWRESZETL, FKH7 -V 24
Yo EH S 2 2 & TR IR LT, EEYE AW LaL, MIRERED
AT, A ML RADZWVIZEIEHEICRIEL 2 2D DI CATRENEY B 5 720, IR
(AR Z ATLBNC X o TR S 2 C e CRER E2GF S, Rig, EFMEREICH
LT, RVS R 5 17 CrPRE B A 2 R8T H 5 720, Rf5m o0& AL
AHILFEFTEE7R 2D-CNN il L 372 Z & THROERFZED TE RN D 5. 525 W3,
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RVS DA T, DEBEOMLEIREETHZEZ NS, RVSITIA, Sk [18]
£ D W REDRBEERIRIRTE, EHOERESZ AV RBEERICOWTHR T %
DB D 5.

4.5 ==

AETIX, 3277 ADHRIZBIT 2 “Low-level-stress” @ F {H\]_EIZ[AlYy, RVS 125
DA MLV AME X TORNENZIUTH T 2 REBEF RO zTo7%. £7, &%z
AR L FEBRICTINE LS IE T — 2Dt e LT, FBA ML R EKHE (Math
¥ Stroop) (B % 2 #EH (easy & difficult) DFHEDZITDOWTHIE L 72 MERZ iR
N7z, MZAT, FEEERBIORIGEEIIOWTOREZITV, ZofRICHNT.
R, MEFELZEA LR L ROHEERE IOV TENZ M OB )M %
L, Z0&, ANMEOESVWHAGORICTHEREES LU F HOFMMGZITo /2. fMERe
LT, REBICIDINEL /27— XA LT, Baseline & Balanced(Oversampling) %
WH 3 % & efTi%E 7 — & [2] 1 Balanced(Oversampling) Zi#H L7285 & B L T
“Low-level-stress” @ F ERMEICA ELZ. Lo L, AR LT, 2EBEISEIH
B ollzd, S KRS TRRE L FELN LN L TERZWEDLETD
570, REDHRZIZT, DBEMEER EAMTHREERICOVWTE L.
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B2, BN E X PRERMN ORI & 5T, X b PRECHIEM B BT
WBKH, A FLVAREFbRTWS [3]. K, FLETA ML RZHZ 2 5781#F 1
MeBRBR, HAxDZ ML ADOERIT & » TEME D A7 5 F BKH DR K THELME
LTW3 [6]. 2070, GHOR PLAHRIZBWT, HHEDR b L XOIRER EMEIC
MRT 2 Z e REANEID B AMOXREFREIE S 2 LI BRHERPHRKO T
BELRBERERD. ZAUcthV, SEETE, DR OAZE), Mk v AERES R
Wz 2 b L AHEEFEICOWTHIgE S hTw3 [1][11]. L2 L, AL RAEHET 2%
S DFETIR, ERESOFHHNICHEME D 2, +0IckiHl Eh - EBREE%
DEY 5%, FHINCED 2HIBZ . —F, FEEMBI O VI K B R L AHEE
EIZOWTHZEXNTE D [12][13], Cho HIFEFLFERY —€ 77 7 4 22 SEHEIL 7=
W& —> (RVS) IZEED K R ML AEE ZRR L [2]. TOFIETIE, 28 2D-CNN
2k 22277 RAGHROREED 84.6% T, 3 7 7 AHRORED 56.5% L s Eh, H
HAEEOFCIHRBIN L OEGICA b L AHE T 2 EEATREEI R X N, 72, 2
7 2 AR BT % “None-stress” B XU 3 7 7 AHRHTE T % “Low-level-stress”
D FEDF v Y ALUBETH D, FIEWEE TR,

ZIT, AEOH 2 BT, EFTHDIZRVS ITED L X ML AHEEDFHRIUTDOWTIA
N, ZO%, FATHSE 2] THEHZATWEAF—T—&ty M2 HWT, 28 2D-CNN[2|
D, ZJE 2D-CNN & ImageNet ICED KB EEHICLI -T2 77 AL 377X

51>
DHEOBKRIEZEM L -, ZOR, 2 77 A78RHE, Y ICX o THED 10%

— 47 —



BRERELRED, 3277 A58KE, WIhdmEEs, £z, SBEEEZEHL LY
A, 377 AR BT % “Low-level-stress” d F {HAE% & WK WETH 2 Z &
PR L. 377 ADERICBI2BEIWEINRLoLERE LT, FIZT7—X
ty POBEEETAMRENE Z SN, FIFBELTIE, RVS & FHA ML ABEEDOMEA
EMREL, 7, EBRBMEBCERA IR 52D I NVBIRD 83D 37042 T
DAV ABEZFIFETETWRVWEEZ OGNS, $io, BEHELT, RVSIX
“None-stress” % “High-level-stress” 12 bR T “Low-level-stress” A DR#Z & ATV
BV, ZEOEAAATIETTICFETETVWRVWEEZILNS. TALDREY
Bz, AWFETIE, RVSICHES R FLAHEEICBT 2 3 7 5 AR ORERN L2
HiE L7z,

HIETIE, 7ty FOEELETFTNAMEROUERITH LU TRVSICEDIS A LR
HEZTD 3 DDRNUCEDSVWTHERICOVWTHRRZ., 9, DEEBRICESZF—X
IEETIE, TEAZEDMIHS X T~ DIE I HENT THRATHIS (2] DFEERTFH = % Hic
SRR L. RS, BB X7 — Xty MERTIE, RVS & E8R b L 2GRE
DIEINEZFM IR 3 FiEL 7 L0HEL, X612, BENT—&12y F OFEIFE
ERET L7z, 2 LT, BEEFHICEARA ML AMEORETEL LT, 7—XILEB &
QAT T — &R 2] ZRWCBGFEETNE 7 7 A VF a2 —=V T 2HAFBRRAI D
BT & o THER 2 RedhtigE ) oM Ex Ak

AT, 3B TRELAELEFER DV TRITHET — & [2] B REBRIC X
DINEE LTz 7 — R e RIS R /T o 72, FERE LT, AFEBRT—XERRIZ, R—2
T4 X BEBA ML RABREDIERE (Baseline) 8 X UFEER T — Xty b DEHE
{t (Balanced) % 3 % Z & THATHFLT — & [2] IZ Balanced DA L7256 & Heg L

1)

T, “Low-level-stress” @ F HDIRAT b%REM L5252 2R L. ZOMER &
D, BEFETIE, FBR ML RBEDOMENEI RN SN Z & T “Low-level-stress” [#]
BORMEHRETE TV EZLNS. 20—, BECHELTE, MHET2EES
(ool 2D, 5%I1F, AEBRT — XN L T Baseline & Balanced 7% i
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L7z “Low-level-stress” @ F EZ MR L7 £ SRHEOR LR ETH . X L RO,
PEHRE, PR, HERSKOHERE LD, RVS ICHED CBIEHEEDOREE R, (IR
KTINET 2T —XDBERCKELKET 2 eEZONL 0, SHROFEL LT, B
55N RHI L7 DBEERBIC T T — X 2R L, ZAUTiNR, WEIREBE O, WAL
MHEOREE AT X > T T 2 2 THEORENF SN S, H 50X, RVS
DATE, DEREOR EST TR eEZ NS0, EROEKEEZ V3 HEY
BHEIZOW TR 20 ENDH 5.

5%, HEMNCE G A LV AHEETEPHL XN S Z 2T, HADR L RIREEZE 4
ADIEREICHR L, @EHRSCRKOTHIZILODTIERWEA S0 ? EFIZ, X
~— b7 4 YETHEICRA P L RABEZFHIL, BOHS THEREAIREICZS LT, R
F L ZRRFI D T2 DREGERE R, BWED Y TN EA LT 4 — KN ZI2X2V Ty
7 ZMRICEMTE20TIERVAEEZONS. $/2, HAORA ML RAHREZIEEL,
ZORBEZDEA Y V7 —EAREMICIERT S22 T, ANCE-2RA ML R
S % B OAIMERAEEECREO RE LE, XD MR RIBEEORNICH AR
T—RIZIRDBEEZALND.
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KBTS HICH7D, HEIDIFEIZZLOZTHEEL ZHEZHD £ LIRS
BEOEHBMAFIIZODEDEIEHPL LT FT. BYITELRZIEEHEZE L2,
TAMXZ RIS EL DN TEX L.

AHEDRIEZ B |22 F TS, BERIEME ZHEZH D £ L - EHHEIFE
%, WMCHRBFIEHH L P E T

EBROZITICHD, ZHEZHD L LALEESHIBWIEHBL LT ET. £/,
TXERHELUTHZE Lza Y F U K¥D Youngjun Cho FeA (L L EWF £ 5.

P, EBICSIMES E ULEKE, I OES F LHEFKCEELEL B
EJr

Mot p/c#EE L CHEI D 218 - ZWHHTHZ £ Lk, @R 2 D Zhen Zhang
K, L 1 O Valeeprakhon Tamnuwat FKicidD & D E#ER L BP9, KR,
Zhang [KITIX, WAFRTEHCOWTIRREZE LT 2 & 2 S HRHRKICE - TIHE, 2H
FNCH ITEHEE L2 e DX D&V L ET.

MREEDFRETD 5 MEFH VK, B/ HEaER, HHERKICE, HEXOIASS
e THRELRIKZAONE L. HOBESTIVE L.

Fiz, WRZEOKREL LTIRIAS CXBLCTHE E L, BfEE K, MARK, I
OHBK, MEGRER, SHEMAK, OBEEK, FREREK, W R—/K, R
B, MESEREATI, ILMRERICIER S E#H W LE 7.

BB E LD, ZZETHRRESIMRE2E5EZTRED, £, HEXDZHH
TXATHEE LAEFBICIE, DEDVEHHEL ETXET. IAETOEELREZRIC
HARELTEWD ET. RYCHDHL S TXVELE.
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