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dF ndS AT = Aqr(S440). o] W, v duglEorE HAA5W (least square
% (

Al
method) @} 973} (back propagation) ¢ae|EFS B3e AR F2 A28 (fuzzy inference system)eS 7|HFS
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23 725 5T g lon wEA] old] AdEA = B
=

A el2, ) A FE 2L 9 x Ly 2 0} Qa, Best go] A £ Qe AU FHol
sk,
784 5

If xisA,andyis B, = f; = P.x + Q¥
If xisA,and y is B, =~ f, = Pox + Qo

9 A2 NA L, A, A E OBy, B 474 83k x, v WA < (membership functions)ol™, Pi, Q@ % P

Q; & Takagi-Sugeno ¥X| F& Zdo] A¥ w7 HSo|T},

E3E, HH A8 (defuzzification) oF-ekle] it T4l (mean center)> H|¥ A3} (defuzzification)s}oll 23|
A4 oAolng 1 e g [484] 6] o] ARHEL}
T4 6
SHitwfs —  —
= " = wfy + wofs
Wi T Wy
74 7

N 1 —_— -1
wip = wy X(wy + wy) . o wy = wy X(wy + wy)

% 60] EAE wish o], WA FE AT /W g5e] FxE 579 dololE £HE + vk,
dolof 1: 7 imsi thewt 2o Uy F4E 2

84 8

=pd(x), fori=1,2
O,; = uBfx). fori=3.4

ZF wro) vy MeEe 1 k=] HA AECAM A Feee] RS 2. 8 4(bell function
s)= Al [k 9lek 22 dEje] HA| AES] Wivy doR fdEy.
74 9
2bi -1
14 X - C
Haw ( ‘ a; )

x= =Eish A5d vwiy) W Bd= S1 o= {a;, bi, o oA ¥ @S yEd

=
2
2
I\
N
ofj
Lo
=
)

Iy
[‘11‘
o

(rule)e] A3t A=s ARTE s v,
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84 10

O = w,; —wy (x) Xpg(y), 7= 1,2

Wi © Ao AECA A xo] Aes YeblaL, uy(y) = Biol AECA fiu4 yvol J=s vepdn.

golo] 3 1 o] AFAA WA =T RE E(rules)®] AEHE AEJ oiudte] WA E(rule)o] HEHE
9] H]&S AHtsH(normailize) 3},

S84 11

Osy= w,= w, X(wy +wy) . 1= 1,2

o714 wits iwAl Bl AitehE B% AEE et
dolo] 4 1 o] AFelA 7t wre] FHe [914 1218 Jwrom v},
314 12

O, = ;:fz - E(Pix g,y )

o714 Sy = {pi, ai, ri} AEE A3 vizpisetal g,

golo] 5 : o] AZolA 7+ wri the} go

N
o\
Y
i)
B
o
ol
2
<
2
b
[
>
s
e
i)
>
LS
offl
e
ot

F5}4] 13

Os, = 2w, f;= 2w f; X (2w)”

SduelEe] 28 20e BR $49 ofe] Aaghe ANSHE AL Moz dt). gaelEe] W= 4%
o )49 SN AP A= Ferhy FgS 5 )

o] A% Hiel R mds AXse w) WV AEdi, dY WMes e IS TERY 2R et
8 2 9ge vy

A WA WAL S delHE Bl HH FE A2Y N %

(classification fusion model)® F&3kc}.

e
@
o
=
2
=
oQ
k)
S
o)
tlo
Sh
E
H
R
al
i)

ZF ANFIS 2571 A3 Wi (p, ¢ R r)& Z7|8kstar, FHxes Fa9= dAdn. wpypiase) ws &
& 0014 1 Apefeltt,

St HelHE ol&stal, Hu o2t gro] 7MY W2 x2S 24N, Pt e AlG dagEel o

S 3 F =

HE a1, o]2ZH o)Al Hkgo g2 AW AE JIEsHL 29 o e,

E FZ(pool structure)®] 3|7 FH(regression fusion), B F&%=, HAY wi/iE4-S F7rsbr] &) 5
WO ook, Agxrt 7MY e aE=(grid) vt MY & ge H7HE"‘;'}F°1E}. Ay s 24
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o)
o
i
rlr
50
o
4
o
i
=
[ep)
e
=
o
il
o
ot
o
oL
Ho
fo
BN
)

ghe A AT QA Bt

o

4 AHEAS] BEG AEE PE oZE 4 AY AR

S ¥3kst 4= 9t}

A5 AAEHE YA (S440) 0l M =,
7} AAd 2EdA $£F 7o) ARAAE Frlste

L

A HA Ao A ITSTT(independent two-sample t-test)S AR&3Hc}. Hyto] thkdkx] H|AESHY] 93 t-%
A A3 o=z Axkd 4 Q).

F:814] 14
-0.5
2
t = (XI_XQ)X(SP 7)
n
T84 15
SX2 N SX22
Sp= 2
2 2
5 Y — - N
sEn=m=n9 @ % o g3 EY(pooling)® EF TAolW, T AIL Eate] W x| 23S

L 8% Fhaskd, HAER BE AEC sl A= 732 95%H T At
s}

3 (Ang), 2 pr), EH(Anx) 9] Al 74 T5S BF IHEste I A3gs 12 yElg. Ed wxl
(CV = 5) AFS ALgsted Ate vrRle] A5S H7Es = Q).

Ed 2 dol&(labels)S /A9 AR FiRsta I = Adrk. A WA A5S Hrstr] St e
A8 FJ7F Wiy B4 B4e] g8Hn. tgYd 5o 2EdaE WA &% W (Confusion Matrix)&
A oo o F#3 A AAF(multi-class procedure)dl A OvO(One-vs—One)E 7|Wto 2 AL Hrlste] A

ol\

F 1o A dEiet 2B 5 o] A dA A3 @S yERhia ek

Groups Emotions 1% week 27 week
Coefficient 95% CI p-Value Coefficient 95% CI p-Value
Group 1 Angry —5.94 (-10.2 10 1.79) 0.02 —3.873 (-8.81 t0 0.21) <0.01
Anxiety —-2.731 (-7.36 10 2.19) 0.28 —1.389 (-5.73 to 1.08) 0.16
Depression 2.012 (-1.04 t0 5.21) 0.19 1.732 (-2.08 to 5.44) 0.31
Group 2 Angry —6.853 (-10.210 1.79) <0.01 —3.455 (-9.84 t0 2.13) <0.01
Anxiety —4.848 (-8.49 10 0.61) 0.08 —3.299 (-8.68 t0 0.31) 0.03
Depression 3.571 (-0.04 10 8.53) 0.05 3.873 (-1.17 to 7.14) 0.07

F 1ol 2w, 394 A5ow e A4S SAT Ay, st 29 AAe] 2B A ¥ dde] e
S o) 2= ohjr
= =2 T M .
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54 AR} 158 22U Wk A5E Ba 4uE 242 FEY 5 A 29 gol el gew B
W, BeH R $ge WANS walth

[95% CI, ( 9.325 ~ 2.205), and p-Value =< 0.0147],
[95% CI, ( 7.202 ~ 0.695), and p-Value =< 0.0987],
[95% CI, ( 1.625 ~ 6.298), and p-Value =< 0.1934],

T 1AME, ZAE AHEES VeeR FAE AEdULS BAAQ] AAE Aol Tasivdes As

E 20N, 2EUS 2E wn AERRE 248 24 Aold AE SHste el gt 9 ek
oo g FEsE B Ak WA A ek WS Agetel Sasgt

Groups Emotions 1% week 274 week
Coefficient 95% CI p-Value Coefficient 95% CI p-Value
Group 1 Angry —4.834 (8.69-0.41) 0.03 —4.978 (-9.83 to0 1.94) 0.01
Anxiety 6.128 (-2.91 t0 9.31) 0.28 3.371 (-1.18 to0 6.14) 0.22
Depression —2.248 (-4.52 to 1.47) 0.35 —4.034 (-7.15 to0 1.84) 0.24
Group 2 Angry —-3.271 (-9.73 to 3.08) <0.01 —6.873 (-10.12 t0 1.82) <0.01
Anxiety 4.972 (-0.06 t0 9.03) 0.02 6.173 (-0.18 t0 10.15) 0.09
Depression -5.413 (-9.61 to 2.3) 0.13 -2.07 (-5.83 to 2.09) 0.10

Bt @ Ades Fe, B, 9% A8 2Ed2s F5o] AdAR] #A st dvke s S
[95% CI, (-9.974~1.253), and p-Value =< 0.0092]

[95% CI, (- 0.684 ~ 8.131), and p- Value =< 0.1431]

[95% CI, (- 6.493 ~ 1.951), and p- Value = < 0.1951].

PAE HEE 7tez 75H AFdA §5% 2ot Acke (MFiS-L W Alele] FAAAE FagHd (p-
Value =< 0.005), Alete A3} ANFI & < g & %
o).

w
o

s, BEG ABEYE A4S A4t W A8HE 44 WA FA V9 S 4 F RR QSRS )

o= Mg Zloltt,

BN
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¥ 3
Data Classifier Signals
Dividing Max (£5TD)  Average Min (+5TD)
(£STD)
5-fold (1) Fuzzy structure 092 + 091 £ 0.90 +
(0.003) {0.015) {0.028)
ANFIS structure 092+ 091 £ 0.90 £
(0.004) {0.019) (0.027)
Fusion learning 0.92 + 0.91 + 0.90 +
(0.011) {0.019) (0.028)
Optimized Fusion 0.92 4 0.91 4 0.90 +
learning (0.003) 1 (0.014) 1 (0.023) 1
S-fold (2) Fuzzy structure 0.91 + 0.91 + 0.90 +
(0.008) (0.021) (0.032)
ANFIS structure 0.91 + 091 + 0.90 +
(0.008) {0.024) (0.028)
Fusion learning 0.92 + 091 + 0.90 +
(0.011) (0.022) (0.032)
Optimized Fusion 0.92 + 091 + 0.90 +
learning (0.007) 1 (0.018) 1 (0.026) 1
5-fold (3) Fuzzy structure 091 + 091 + 0.90 +
(0.009) {0.023) (0.032)
ANFIS structure 092 + 091 + 0.90 +
(0.009) (0.026) (0.031)
Fusion leaming 0.91 + 091 + 0.90 +
(0.008) (0.018) (0.028)
Optimized Fusion 0.92 + 0.91 + 0.90 +
learning (0.007) 1 (0.015) 1 (0.025) 1
5-fold (4) Fuzzy structure 091 + 091 + 0.90 +
(0.008) (0.028) (0.026)
ANFIS structure 0.91 + 0.91 + 0.89 £+
(0.012) (0.025) (0.031)
Fusion learning 091 £ 091 £ 0.90 £
(0.011) (0.028) (0.030)
Optimized Fusion 0.91 + 091 + 0.90 +
learning (0.010) t (0.026) | (0.028) |
5-fold (5) Fuzzy structure 0.92 + 0.91 + 0.90 +
(0.010) (0.022) (0.034)
ANFIS structure 091 £ 0.91 £ 0.50 £
(0.011) (0.019) (0.033)
Fusion learning 0.91 + 0.91 + 0.90 +
(0.012) {0.019) (0.028)
Optimized Fusion 0.92 + 0.91 4+ 0.90 +
learning (0.009) 1 (0.016) 1 (0.026) 1
[0132]
[0133] F 3oM=, = e dde=d ux A3V = 5)& ayste] HHstd IS gh5) UEAAS] des
Mz ovagda. HAd, du, Hawe 2= 55 A2 E AtE .
[0135] =98 Fxshd, A A5 FA(100)= 7 oS 2he Ao w8 78T ¢ 3(S450).
[0136] = 9ol M=, HAO A i (p, q, 1)E D7) A B AW (FE AIG, AIG B fast AIG)S WaLshgl
B AeRe me AWAsE BAse wEd e %48 nIat 4w g oe B8 wed
Uex) F b g e A45E Hx 28 A2 o a5 se)el o wan o 483 54
(features)& AT AL AJT = vk, A27F HFseet= A 7k vlayel gk H4e] ghe 24d8h=
gl ARkl 729 A4 2 A3 (robustness) o] Fasthal & 4 qlvk
[0137] A" VES A= o8 gE VellM dedeldar, FARE 2o Al 25, & 2 shd s 23
A Qe A wE2e e A5 AN
0138]  A7bde] sEde EG AHHoR wAd A s REH g0 wAsel, B 44 A B AF
48w 92% o) 4elth.
[0140] E 1094 =, 2EdEE g3t (R 2 BeE FF AA)dke i) AAd =Rl He Zloew Hrid AAEE
3 BER ghES 9194 AT vase] drhinh. AT oz A= A B 2 Add 43 54
s
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[0144]

[0145]

[0146]

[0148]

[0149]

[0150]

[0152]

[0153]

[0155]
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IAH, 474, 94 24 3 SUs Beidoss (4 ARAT o 4R)E FelR (24 39, 94 3
el welFx, 3% Bk 2 Azbael ol wMEAY. S4H 7 Asel= A A4 FAH, PAH, FY
el EA AL,

2 OANFIS, 3% @%é, uﬂE} ?rali‘% HAX3e xosle] AT HA 9 AAG ol EA Fo| AtE W
3 7
[e]

E 4ol A=, Z1EARD HH], AAW, ANFIS, 7 ANFIS, 4% AIG €agFs 7oz & 73 ANFISS H|
wete] Ags FAE mee] P FAED e
¥ 4

Classifier learning Positive ~ Negative  Natural

Fuzzy 82.67 79.43 82.90

Neural network 80.29 81.14 81.13

ANFIS 84.71 84.38 82.90

Fusion ANFIS 89.83 87.38 90.21

Fusion ANFIS with modified AIG algorithm 92.36 90.18 93.54

(fMFiS-L)

T 116X E, 3d EF0NIA RolA &= 99 ¥ AT tid] Highel Rdsies AAE dagEey &4
St AWM A~ APE HoF

PAE HE D fMFiS-L ool e ARHE B 244 F B AL Hriy 2EYA 5 AloloA
sk B Aol 9l

sk wAllA, daEFe] HA e ES5sien & o, Wy AIG dudse #A WA 5E =AY
HA] w42 S 58 o 52 298 98 5 U

Aetets= 71MS FEst7] Y8 Windows 10-8 MATLAB R2019b TE 1w A4S A}%% = k. SSD HARD®J A
dlkEl 16GB RAMS ¥ 3slo] 8GB RAMO] 9= Intel® Core TM i5-8500 A|~El(wh (PU)S AFgSte] RellS A

By ol Ad 4 gl mae 0.0029 712 585 p)IF 100~1000 AFo]9] o E A (epoch) & FAE 4 Qr}.

72 Hy

100: 4 <& I 110: ©lely 3%
120: Hlo]E] o]~ 130: srHRE A5
140: 74 oS 150 =Bz Hay
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=3
EH]
100
110 130
§
Ciole &= SERH MeER
120 140
§ §
GIOIE IOl A& ZE =5
150
§
AEYA BT
EH2
Recording physiological signals Recording physiological signals
. . Assigning label
EEG signals EEG signals
Labelization

(Before therapy) (After therapy) <— | (Emotion level)

i |

Emotion

recognition

|

Emotion
recognition

] The evauation of K =~
- improvement -*- @’
Indicating the improvement level AN —
| 4
: |
ReiKi, ReiKiy,
ReiKis | - { ReiKi Exercises - y
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st EOIE 2 5410
A
CIOIEl & X2 ~—5420
A
S X (feature) == —~— 5430
A
205 22 8y (-S40
\J
2H OS2 AZ |~5450
Y
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_17_



10-2024-0145184

5

=

=

H

e
[=)

@
o

w
o

_18_

Amplitude
Ny
il

n
=3

40 40
Positive emotion ; 30 Positive omotion ] 30 Negative emotion |
@ @ =
< 30 S 30
gl A g
I 1A' (N N 5, L A Ao
< AW Jﬁ&f«.}? < BN MR
20 20
15 15
50 100 150 200 0 50 100 150 200 0 50 100 150

Time Time Tiroe




ZIHS3dl 10-2024-0145184

k1
N2
()Y

Out
EH7
Fusion learning
ANFIS', » Errory |
Final classifier
1 o
ANFIS '» » Error, Stuctre
selection based on (- AIG optimization
. . Min err
ANFIS', » Error,
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@ Iteration Iteration Tteration
2.5 2.5 2.5
‘min-max of the positive emotion —— min-max of the positive emotion [ in-max of the positi ion|
2 — 0SS (Data 1) 2 0S5 estimation 2 1 imati
&
<
2
Z
o
s
400 500 o 100 200 300 400 500 o 100 200 300 400 500
® Iteration Iteration Iteration
2.5 2.5
| win-max n(ﬁ.uan.mlmnu‘nn] ( e e ‘ min-max of the natural emotion
loss estimation (Data 1) loss (Data 2) loss estimation (Data 3)
2 2 2
a ~ ~
£ 15 § 15 § 1.5
2 2 2
& 1 ,3 1 3 1
0.5 0.5
o o N &
100 200 300 400 500 o 100 200 300 400 500 o 100 200 300 400 500
© Tteration Iteration Tteration
EH12
/\l X
—/
Y
E =& S1210
Sk A
Y
PlPS 0;” = 0O 4l AHA L
ZE 0= 22 44 51220
Y
AEYHA HE W= ~ 51230
Y
A A M I L —
AEMHA BE HlW 51240
Ey—
o L

_23_

10-2024-0145184



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용
	부호의 설명

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7
	도면8
	도면9
	도면10
	도면11
	도면12




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 4
 기 술 분 야 4
 배 경 기 술 4
 발명의 내용 5
  해결하려는 과제 5
  과제의 해결 수단 5
  발명의 효과 5
 도면의 간단한 설명 6
 발명을 실시하기 위한 구체적인 내용 6
 부호의 설명 15
도면 16
 도면1 16
 도면2 16
 도면3 17
 도면4 17
 도면5 18
 도면6 19
 도면7 19
 도면8 20
 도면9 21
 도면10 22
 도면11 23
 도면12 23
