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H dElgelo] HAMEE(Multilayer perceptron)< 7]¥ TAEE(perceptron) 3o 3]E @]9 (hidden
layer)& F7tete], 71& AE &7719 dHAE SHAAT. A g A " AFoE A =]
A, mMAEE o7}°ﬂ £ 85 A2 87 AsY AR HIsH] oEith. 2 WY AT o7 A9
o] ARgo] 7hs e s GPUZF Atgel wet mE gF 4 4SS T3 ATAT il

I gk, A 7H“LL waigk k] dolE A Rde

2] Aol A3ty FAAsth. st=do] glhsrt A dnv= A"l wixE W ARES 9% Held

Rd ¢, JHEAIZI(E 2(0)), AA /7 (E 2(b) T ERY wi/ivsE EFolv Wl & 29 #o] glon,

ohFet A7 JPEHSATE. Han et ale 54 0174]7‘40 Z[Eor We s THAE dolol R THHXVE

AP 5 9 AES AYsGirt. Xﬁﬂﬂo] g E = 61N oA oF 10% EE 6.7MZ A oH,

718 B Zge 0k 0.1%2 AA Aol WA &tk A2 SR Ve s VIHE 7 guE 2
Al WAR(Teacher) ZH-H A& HEste], $93 452 vl 22 249 st (Student) & 75
. Ho et ale H34st =

) e 3
WAF mEe] A4S b Sy maE A odd G4 mae A Fas
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<% 1>
DEAP DATA SET
Participants 32 (16 male, 16 female)
Video 40 videos (60 second)
Bio-signals EEG, EOG, EMG, GSR, PPG
Labeling Self-Assessment Labeling (Arousal, Valence)
MAHNOB-HCI DATA BASE
Participants 27 (11 male, 16 female)
Video 20 videos (34 to 114 second)
Bio-signals EEG, EOG, GSR
Labeling Annotation Labeling (Valence)

A@Ael gl dig Ao F

lolE1E WE7] faiAE Agke] 4 ehmel T fh. EE 2749
FAolEE A%l 717e] A 2

& 4= FA7)zel whE DEAP HlolH Ao ey e Adnstr] 93 mwler.

DEAP dlo]EH A2 F 3299 (A 169, o4 16%)o digt 5 AA LS dolg MEo|tt. AEat
S A% 40708 A vv e (18 A& AlFske]l, A3dAe] EEG, EOG, EMG, GSR, PPG, A&, &

F53tivh. DEAP dlolgAlo] Al&sle 2hdly WS takd S AFAor HAYystr] fs & 49 2ol
SAM(self-assessment manikins)& AME3IaL, I PR Arousa(410), Valence(420), Liking(430), 4
Dominance(440)& AA] SAsAtt. A71H7F b & Arousal ] =& X F3 oA TE7A], Valence?] HE&
= EFA Z1E7A 164 974 9] HeE REEHAT. @A 60 Hole] AR J4s AAHs AL, A
7197y 2iE S 2718k, wekbA AlA S die 24 WHEE 1dsh] olElwol e, Foizl F4

rir
N
N
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A 2A VTR AEsstrlol= Al EA%.

¥ 5t Fevled wE @) AANE delEE A% ARstE s wEe AEsy] 9% mwolu,

MAHNOB-HCI ®llo]8sle DEAPY} 5918 F7lulelel =M, % 279 SIaACad 139, o14 16%)7} 2071¢] @4
AU ol P B HAolEE YT AR G, B0G, GR, AL, SFEL A5 JADNOB-HCI
dlolEl Aol AbgE B e A wse we syel $AAT} WA

H

Fotoich. wRA F4 BMLe WS B} AP AF
7] wjizell, = 58 o] wr] AAAE voly o= AlEstE
5(a)x DEAP ©l|o|EJAle] Self-Assessment, %= 5(b)&
olt}, Ax}row A FA FgHEge Ao A st
. kA EEdelE o] ghdel A Wb 2 =y

74 Biel Hdstin B 4 g,

® ouno A FAHulolEl ol A DEAP dlolElMlah E 29) opAlel WEImY dlolElulo) s MERTI-Apps A H 1S
ALgSkel, PRGSE GSR A& Zlube] WElRY PARFE DY,

=
( £ _‘N
o 1%
B e Ay W
—
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A= Ae g
9] Annotationdmf YE}
A 4 WstE
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<% 2>
Participants 62 (28 male, 34 female)
Video 40 videos (60 second)
Expenment 1
Bio-signals EOG, EMG, GSR, PPG
s o 5 wideos (Sad 1, Happy1, Angry 2, Scared 1
vidais (5ad 1, Happy1, Angry 2, )
. Annotation Labeling (Arousal, Valence)
Raee Self-assessment Labeling (Arousal, Valence)
Expenment 2
Bio-signals EEG, EMG, EOG
Emotionresponseto 3 videos(Sad 1, Happyl, Angry 1, Scared 1,
videos Neutral 1)
Labelin Amnotation Labelng (Arousal, Valence)
e Self-assessment Labeling (Arousal Valence)
Experiment 3
Bio-signals EEG. EOG, PPG, GSR
Emotionresporse to ; - ‘
vidios 5 videos (Sad 1, HappvZ, Angry 1, Scared 1)
Labelng Self-assessment Labeling (Arousal, Valence)

obrlet HEIRE do|E] MERTI-Appsi= & 627 (H7 28, <14 34)7F 15709 ZAA - G2l i HolgHs +
KR

=3y, HAS5%E dole = AEI1(EMG, EOG, PPG, GSR), A &2(EEG, EMG, EOG), 'QS(EEG EOG, PPG, GSR)
sgugon, Al mEge we 5ol BAAl o@ sy L Y] Wb Sy B AYsg. A5
A a Z19 epaele] AE 1001007 EAHL

=62 & el o AAeel mE AAIZE AN R EFE A% PP6 A R GSR A2 T|RE dakd AEF
M SERlAY Al&Ee] S YElE =dolt

Aerel= AXZE 74414 @ BEE 9 PPG A5 2 GSR AE 7N dxpY AEFEMY S EQI Y A|AHUS
HAAEHF-(610), U F-(620) 2 s5H-(630) 5 EFH3).

2 Ao AAldel mE dAHFF(610)= AATE FAgAA 2 BRE $3 PP Ale 9 GSR 21&9] dHolE A
A E T3l 98 d9 2 FE3).

2 o] Ao w2 AAZHF(610)= PPG Azl tisle] A3 Fui4 JHe] FHE HEstal, ek
A% (High order Polynomial) 2.2 dloJE 2] 7|4 WE 3 ol s ZE (Moving Average Filter)& 3l
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g AAjdel mE dAF(610)= GSR A=ol Wiste] PPG A% VEoR £Ed ¥ A3 dAALE A

B A el we HuER(620)E 4] PG 215 %GR ABE Baals] 8 v A4E PG 2159
AFAE Eom AF Aol Z(sample size)7t FAa B@aT, 4] PG A5 @ GR Bl BhaRg 4
A3

2 o] Arde] wE AR (620)= AFuE & ol8std FH WAE Y shte] #E 3 9=
A& F(zero zone) &2 A g3},

7] 9 Y 999 PG NS 2GR AE SuYe 4] PG AEY BEAE /FoE APsa, &
AALE dolEsh Y e ol Bio] MINES FHsle] U Wslel weh B Foim ¥R

m

=~

o}

2 ol AHAAlde] mE sEFH(630)F 7] PPG A& H GSR 4Als 7]Hke]
% o

il

B4 F=, 44 EFE s

3 Adxtd AEFAY QESIFHUE (1D convolutional autoencoder)E Al&3dle] AAEFE 3 ndS HAs}
EIRsaeiass

2 oty o] Arjofo wE s5R(630)+= 7] PPG Al 9 GSR A& 7HEe] At AEFAHY LEJIHE A

AzF 2203 4 stedo] Adso] Agd A ALt 8 AA THR VIHES JEste, AgLE /A

L 78 e A AAde] mE AARE AANA 2 BEFE 919 PP A1E 3 GSR AlET|RE Ak dET
Mg 2B I WHE disy] $g sE x|t

Akehs A7 494 0 BRE 98 PRG A5 9 GR Aol dxbel ARENY eElmy we A
AYF-E Tl AN BAHANA 2 ERE % PPG A% 2 GSR 2159] HolE AHEE 5t 3 TR
FE3e GA(710), FAHRE T8 A7) PPG AE 2GR AEE B357] Y vl A" PP Azl
FAE VTR AE Alo]Z(sample size)7} FUSHAl E&star, A7) PPG A& 2 GSR 2% o] #HEHS 3
e @Al(720) 2 SHEE-E B A7) PPG A1E H GSR A& VRke] B &, 2 BFE Js] Ss o
A AEFAYE 2 EAFE (1D convolutional autoencoder)E Ab&3le] AAEFE 93 ndS A3ty gk
st SA(730) 8 E g

GA(7T1I0) N A, A FE T3l AAZE 2404 2 ER/RE $3 PP Al 9 GSR A1E9 dlolH AAYE T
et 7y G R FEgrt.

2 o] Axjeo wE A FE PPG Aol dgte] A3 FIa 9o dHE A&stal, axTiEA A3
(High order Polynomial)©.Z dlolge] 7|-Hd W% &8z ol HE](Moving Average Filter)S E3 &
A A5S gAY

2 g o] Aade] w2 AAEF= GSR Az tislte] PPG A& 7|Eo R 283 & U AAYE AP
1=

GA(720) A, SPEYRE F3l A7) PPG 1% 2 GSR 2EE £&str] Hs] v A" PPG A% HFEAE
7o 2 AE AtolZ(sample size)7t FUA £33k, 4] PPG A& H GSR Als9] epAES it

2 oag o] AAdd wE s A 5 o]&ste] S WAE A sty Iy 1 fde A=
&(zero zone) 2.2 A g g},

i

7] FEE 93 99 PPG 4AlS B GSR AEo] epElE 2 Y] PPG 4Alse] HFAE Vo R AYsta, F
2 Hdx2g dolg et pAES B Hpo ANIAUEES FEsle] Ay W wel B4 FgaR BER
=

A (730) A, SEES Ea A7) PPG A& 2 GSR AlF 7Nke] B4 & 744 3 2
Y ABFAMI QEQAFTE(ID convolutional autoencoder)E AM&3te] AAEFZS 93 ndS MHAsa o453

o,
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= Xk—n+1 ¥ Xg—ny2++x Xg—Xk—n
k - .t T A— (5)
T 32 2 o] o Ao mE PPG 41& B GSR 2159 AAE ABE UEE EHo|T).

=

dolg] dAxgl T A3 A= Lol ds Y8 102 ol PPG A& 715 AFA 2 Hit AAE = AR
= ?@ 2 x&Fskth, PPG, GSR 2159 A = %= 8% Y. 10x 4ol PPG, GSR A& A AdE
8(a)= AAZE PPG 4Al%; = 8(b)= PPG 41&9] HFAE YeaL, &= 8(c)w PPG 2159 HF
2] &} %%‘f‘a TF7re] GSR A1 &S e,

il

PPG, GSR X125 AgsA Easl7] gs) Abdel AFE PPG 239 HFA 7|02 AME Alo]Z(sample siz
e)7} HdalA B, Ay o2 1kHzE =AE PPG, GSR Al59] MZT Alo]|2E 11007 E G5k, =
sk Ay FE o] &ete], T WUAE HlE s 38 3t Qo= AR FE(zero zone) &2 A E3GIH.

FHopAE AT AR & 44

total frequency sample size

sample size)

Zero zone = heart rate
? (6)
T 9% B dyel o AAde) 2 FHF dxg &gold A%4E Yehle =Wt
%‘%lﬂ lﬂ'ﬁé %‘?’] PPG, GSR (‘lifﬂ T:q' ]o% MERTI ADDSJ ‘17__%_:ll‘—xl_ _7':_}_\_1' ‘:q_ _%_ ]——Q—O}'OE] PPG }\ 4 %]v‘%‘il 7]
Fog X3, 5] AxIF AEate] da EAHS 0.25% FFA SR Arousal, ValenceE BEHFFG oM,
A7} A A B Ael AREH] = golEE AMEEA] ekth. 629 As At A 5719 158 24
ole] 4 fFEdds Tl FE H AdAYE dolEet hEHS F3 T 32,0009 AAMEES FE83AH.
ghle] W= -100~10001 4 A A (20~100), FHA(20~-20), FAA(-20~-100) 0.2 A 7pA] Fej=z
on, 3} 7 U] eplle] HiS ARESlY. AT dEg Sdtold Adst xR e #3, =9
9} o] FRIHATE. FHF PPG, GSR A& A& (sample size 1100)o] thdle] = 9(a)= PPG Azo AAE
YeRa, = 9(b)E GSR AZe Ars YeRAT.
<# 3>
Annotation Self-assessment
labeling labeling
Number of dat. .
ur:{;;:teda : 32000 segments
hi 14,489 2
Label gh -
neutral 11,190 2
(arousal)
low 6,321 1
positive 6.716 1
S neutral 5.289 1
(valence) _
negative 14227 3

£ 108 ¥ 3ye] 9 Al e Heug g ARTAY eEcmye] T4 tehls Erolt,

2 oago] AAdd w2 dERY 3 AEFAY LEJIYE S 33 o9 PPGEF GSR 4lE 7IHEe] &
% = S ey, 2de 2719 AEFH Holo(convolution layer)e}t 27019 ¥ #o]of
(pooling layer)® F93 F39] 215t (encoder), UZE (decoder)Z FAEO Ut}. &9 dolHe HEF
A #lo]o](concatenation layer)E E3] ¢ A4 #olo](fully connected layer)=® HE®TE. 7} #o]oo|
et ARE = 108 Zow, FHAH37|( optimizer)—E Adam(learning rate:0.0008)< AF&3}ITF. X Alo]=
(Batch size)Z 1608 AAdte], ®HE & 3142 10089 Ay, A4 o8 64%2 stsHlold, 1642

AEHolE, 2088 4% BEUIER Sra

o _
d F=, 4 ERE A
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=112 2 e o Aol whE SARE(ID ON) e HERE =welt,

w oae] Aol we 27k YAE JNke] Ak AEEME RS RA(AAHE AR T2

= el oA AHgstr] A, A4 FF 7IHe A8asith. oA A ek 2ol

WALR O] A4S Iheek R0 1D ON ER(SAY) o ddeigiet. ARgE S REle = 113 o] &

e FRolt. wWed] FAEFAM Hololet Y #Holojo] FRE o|Fojx Qo FHAs/]= Adam(learning

om Adrgste], Wk gy 3leE 2008 AYsgih. #F A

e Aes fASAM, EAE 4F 2 TS 2o, ik 28 AR g2
J

J

2 odbgo] A oo wE 2714 PPG, GSR Az 7|whe] HE|RY Ay ALEFMHYE LESIY S FI
AEF UHS AT, F 49} o] thddt AAAlE 7INke] gl W B gk A7t HEE At
<3t 4>
Biosignds  window size Method duss . Aewme
Mert, 2018 EEG 60s Multivariate extension; ANN; DEAP database 2 T500%  TLAT%
Lee, 2019 FPG Lis 1D CNIN: DEAP datzbase 2 7620%  75.30%
Chao, 2019 EEG 3 %‘E‘iﬂmﬁg‘e matrix; CapsiNel 2 6 68.29%
Xing, 2019 EEG 60s SAE-L STM: DEAP database 2 s110% TA38%
Lee, 2020 PPG 10s E%gﬁf;‘*d Sttty eating 2 8090% 82.10%
EEG, GSR, L Time, Fraquency domamn; i &
Rabesl, 2021 PPG 80s DEAR-MULSEMEDIA datzbase 1 a5l 6.54%
EEG, EOG, _ ACO-bidirectional LSTM;
Hwang, 2022 i 60s MEBTE e et 7800%  8L00%
1D Convolutional Autoencoder; DEAP database 2 31.33% 80.25%
1D Convolutional Autoencoder(Teacker modal); 2 $0.89% 81.25%
Aunnotation Labeling; MERTI-Apps datsbase 3 T9,18% 74.84%
1D CNN (stadent model); Annotation Labeling; "
Our PPG, GSR LIs by ot 3 TIST%  T3A9%
iﬁ;ﬁg‘aﬁf“?’d“g’ 3 T8 61.15%
/Kg Z

A Eia= EE}EW 128 %’48& %#@J 7] Alzte = Qg 2
Az B4 A 2 g AAANSE Aoz A% AP Er ASEATE. King et ale Be HEe B3 HEH
= BEG Aol A dadAet 548 FE31a, SAE 7|9 A3 BEG &3 RES B dAAzEe S5tk s
FAAAE 93 AEg Alo]=7} 60%E AAIZE AJAEl A8y o]y o] Art. Lee et alS @Y PPG
AEE 1.1z &S 399 dolEHE 1D (WS o] &3t As EAE 2k FF37] wito] F7H4A Azt
E4E WA, 2 BF A w@r] ZARRY sbeAS Btk sXw gd Azl sk 2
B AR gAaxdEeR A 2 BFe Fels Tkl mE FIg=, AAHA AV EASHA "ok 2
wo e s EAS FEe7] 93 F712¢) handeraft 34 flo] B $79 AAEF /M S st
gom Aoksts WhES ALgAte] AWt e ARE FIelE PPG AT, A Wste] W7Hek GSR Al
TE BT Aggoewd JAE AAEF Ades ey, Ad A3, DEAPolAE= arousal/valence 715

o

3

81.33%/80.25%C. 2 A|etdlE HIH o] mEZ 1 £ AT etk 3 A2l 23 o2 MERTI-Appsol A=

71 AE AFHET 271A 9 F# 2= arousal/valence 7]F  80.89%/81.25%9F 37}X|o] FEajso A=
= g .

79.18%/74.84% 0.2 Z7VHQ FHs ZrlolE e ASARES TS, AAZE A28 @ Z7pEe] A (o]
Hz], 9 ) FE] Y8 Bl s AS Waslh, AA A 2 Az A4S eSS % 2R
A gol ARgskE Miti= BHEoA B A4 AQARRS gQlsidion, Keo uirfHset I8 F9°
24 BE SHAelA V)& mdun Ayl olake] Ik &g Algte] ERIFQITE. mpxEto g Eowie g <l
el WAzhg Q1AS Qg A& AAA S 71eke] At AlghE t=glo] Ao tigaty] 9% ATE 2
o] MPa3irt. 71& A5l 27HA 9 FHx VEor AU % BRHE WYSAA T, arousal F valence
G FIHAA FHs VFoR TR Ui A¥RE =Esiolth. # @y AnE B 102-60x
Atole] Q1A B wERE A7) @rb gl AMsAT, 1 S B9 AANE AU 2L B

~5% /\],o]o ézl
<}

g AT + e FAs

2}

ool AwE A= stmdo] TR, AXESC] AL, B/EE dtrde] T8 A B KX ES ]
TELLe 2Fow FEE F gtk dE 5o, AAdadA dHE %i] EU R aﬂ—% Bof, =2

AlA, ZEEZ, ALU(arithmetic logic unit), YAE A& ZZAM|A(digital signal processor), "lo]a =7

_14_
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¥, FPGA(field programmable gate array), PLU(programmable logic unit), Flo]AZIZAAM, L= WH
(instruction)& APt FFE ¢ Y& thE ouwe FXof o], st o] WHE HAFH T S+ 54
HFEE ol&3to] 384 4 Ak, AP A= &9 AA0S) L 7] &9 AA A = 3y o)
o] AZES] o FYAoldE AT F Avk. B, AP FXe LHZEo]S] Hdd §Hste], dHolHE
A, A, 22, A" 2 AT F5 k. ode HE f3te], AHE FA+ syt AMEEHE 3o
AgE A% JARE, " TledobillA &4 A Q

[<)
(processing element) B/WEE B4 fae] A7 248 TFL + JSe & & AT, AT 5o, Ay B
o5 e mRAA E shte ZRAA 9 shte ZEZHE ¥R 5 At E£@, 39 =z

S =2
AAE 7P A=, A" A7 B¢ 19 HE 84

A
L= A
(parallel processor)<} # & A2 A (processing configuration)= 7}s3&}t}.
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EEG: Electroencephalogram‘

ECG: Electrocardiogram ‘

|PPG: Phomplethysmograrﬁ

GSR: Galvanic Skin Response

| EMG: Electromyoaraphy
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