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o7 7k HFE AE AdTE Tl &4 ™ 14 FAgo] dojuh= AT AEFRE FTHoR B
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&% Z3}A ¥+ Ao]t}(Richard Bellman, Dynamic Programming, 2003, chapter 1). < A15217 % (deep
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t}. (Hinton, Geoffrey, et al., IEEESignal Processing Magazine Vol. 29.6, pp. 82-97, 2012).
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network) & 7AE oA MeEE Ao
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#ahe 4

2 odgo] glojA], Ay Hul AE RV A e 7AgE 257 A AS EHew & 9la, A
7|A8kE R AEE wWE oAl (Support Vector Machine, SW) Ex 7}$-Al¢t £33 X dl(Gaussian
Mixture Model, GMM)Sl AL EHo=w o 5 gJou Ay AALe A4
network, CNN), <=3 A7 " (recurrent neural network) % A<y A7 2173+
® oA MEEE RS EAoR T 5 .

¥+ AlZA % (convolutional neural
"(convolutional LSTM) o2 A

B odgo] QlojA, A7) A7) =3 AAW-S LSTM(Long-short term memory) 417", GRU(Gated Recurrent
Unit) AZA%, vpdgt 3 2749 (Vanilla recurrent neural network) % =% <3 AlZ%(attentive
recurrent neural network) 02 FAE To|A AElEE AS ERow & 4 g},
2 ddo] glojA], A7 W3t AE T 5 T3¢ g ddste Wi A5E FE &, 7] Wy AsE
o] &3le] |yl on|AE AAEE WA= V] H9 AE F 20z WA 30Hzel G Hik ASE FEIE
GAE L= AS 5oz 3 4 Qo
2 ol ojA, AV FdF EEC] DINY A, E4FsE 7] Hos gdHE AS EHor & F
AT},

1 ” )

L==|r +ymax Q (s a)—Q(s a)]

FA1 ‘

o714, st el(state) gola, at ' HE YoM, re PF(RIY dojAE wAFTolw, T &

Fagroz 03 14bole] ghe 7HAH, Qe 129 Aldwelar, Q' Bl U ES Aol

woagel glojd, 471 WEe (1) AHgRel ¥3h AsEFE 37 By M5 onAE 4] FuF wE
of QEAA P ALgAe] M NEE BReE BAE sqow @ 4 U

= FAFAAELT(CN) & JFZHZE Q-8F5(Q-learning) o] HF
Hu A& %%7]% Aud A9, 7 FL2 BAEST Ftol UElEAE AAste wWelth. DNe
%] |

&
t}. oju S& "]'91 A= Fsoly, doo AY =2 g5 FH49 E“’ ﬁ(cumulatlve reward)L 53 7ol
e = 3l

Vis,m) = r(s,ax)+yZV(s,n)

s

ol
)

efo,1) _ . . a g T
Y & &olg(discount factor)olw, & AM 7

ilh)

EEIEE

off
w—
r

ok Alelth. 9714 ool

)

o] BEHLe nE AE so] i (’ )—% A ZE 3= H A A (optimal policy)S 53l Aol o=

V(s,7*) = maxV (s, ).
T

i

@ Aogth. = A4 optinal value)

(54 e WHPh. o] W Q HHe

Q(s,a) « r(s,a) +vy Zs, V(s',n“),

(4 Hz gaun, QD sany A=e 3 action a2 Hestw
Vv s,n‘L
el ba HEE ¢ g AAHoR Felo] oFojzxl AR A @ ouath. of o, L

max Qs ;a.j.

Z 333 4 Adrr. HEZAH DN B &A% (loss)E o|l=H Fh(predicted value)olAl
A4k Q9] ke xfolo] FEE= ATz xddE 4 9ow, o= 44 13 ),
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o] DONIA 2 gk A iRel uhel vhesl o] gelen.

e
&l
ini
o
4

z, BHE o0 W2} HeslE 2@ (o WA 22) 2| 0|5 2140, 8 (422
, 2B s&= Z2|ZE M A E

©m g gto|m y, 8 &X gt(are 2t)olatstAt.
foralli€(0,1,..,K) where K:number of partial states.
if zg Opne(s))=»;: 7 =R (R: RBA gtoz oloje] ek=olt}.)

else: 1 =P  (p; au goz oolate] A% olt}.)

Boabgola A7) FoRF BES V9 2ol dmy dHolEE Ay Y& HH 3 mds Mus:s o}
Yz}, o] EF5715S o HE2 g3t AR, weight)E Al BEE7S9 HE 25 AAS 93
s
3}

= Ogpn.(s;) foralli€ (0,1, ..,K) O/4f K= partial state O/L}.

o]7]4 ey = g W meolm, %el & WA partial state HI AT EF7 hF dolE wELGzo,

fy = AR AU Ha Al B57]19 AlEHolAd RdE AHoslH, Key: 1WA partial stated #k
o2 Aostar, 7|4 A7) @& AlEdolA Aol we} dojxl B oz Aottt

key; = gy * €;
Vali = fv (aval * CE)

olw i7} A Qe AEE WA Lol A= sary, Yok o o ojabel waglel yom, vz o=l

zariw, Vel = gojste Aw gro) e,

T FT EES oy 7 e o3 dgE 5 v, FoHF EE2 o7]A], soft, hard attention,
multi-head attention T°| Ath. IF AL, F=v1¥ Y35 (Soft attention) B b3 o] i

At

exp(a, * KeyT
A" = 5 :;( — Ys )T forallne (0,1,...,N)
« exp(a, * Key;')

RIS ET

B FE59 Key #toll weh, softmax $h &2 AHoHu. oju N2 Fo X F(Attention)
Golo(F)<] 7lgroltt.

s
E

i o A RS o) E LA WE](soft attention weight vector)E ouldtx, % & Az 8 )
BHE AS 97 g8 =4 v

e Hzd AYoE 2715 Hn), Fo| YFmue] b o] M MEd PR
A

H(Regularization)WH o] F71d 4 glor, A A= st 2o

AEzy] o] g: Re =4s* L, 14" *loga™||
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Azl o]g: Ra = Aa*exp(— L, (4" —4™)%)

n
Yol A 3+ sk5H attention A 4 o A &3] vlEl= action value & 3l Q8 Adgsdd

~ (0, D o wet A ow Fo4gTste] 0, 1o] obd ofe] o] e Adest= slojtt. o

o
B
i
i)
=¥
%0,
o

ol Fol ) Bk o olE AAsta olF ntgow HF Qe #
Q

fq (concatenate ({ry, 13, ..., 7,,})

o = 8= ZAFE(function approximation) ©]Th.

wowge wooe B, AHeRe) Fule] A3HE B4l AT Ade Bal S48 ¥u A5 Fashs
Mob A FARS A7 M5 AE F 54 T el dgehs M9 A58 AHYss AR 4] 9
HeYyE B Aeln ¥w A5 olgske] M5 onAE sl AR Hw AE A 47] A
J8 w5 A5E A4PeR dadels AngY 47 dnGE volHE FoPF mEe PNA 47
3 ABE SEAR wet Mot ol el xd W3k AE BFHY) AY BEe THESE 2D g5 2 4
7] AduE sk AE BRVE M5 A5E BRes {5 AE BEYE Ige w0 45 B X6 9@
Zeltt

B ool ol 7] w5 AE At A7) W A5E 54 Seold W s A5, W% A5 54
A ALgE 9o M A% 2 sk 54 A2 ol§sle] 4] B Mt ouAE AYHE AL 5

2 oo QlojA], AT w3k A% AHEEE 7] w3k olm XY AZE, Fikgr, Alde] 3xY HlolHE w3k 2
T FA A ARRE AT AEYy 9A AdERdA #Ax 3 AN =M (azimuthal equidistant
projection:AEP)S o] &3lo] 2xdo = At As A

2 e ojA, AFEALY] HIt AEREEH Y] B9 W ouAE Y] Wi 4Als
A7) AFEALY] Hu AT E BERIEE e AloEE FUIE

2 ol glejA, A

network, CNN), =8 A4 2 A7) Aol 2¢d AdHez 7 oA

=

1=

B ROEREY

ZA"(convolutional neural
Uy = AlAgos Qadgst

L

N
[-40
R
ofl
> e
rlr
ox
N
L
o
)
=
o
I
il
o
J8
i
o
)
oot
ox
e
o

= A 5qow ¥ 5 Atk
wowgel glold, Y] FeldF mEL Qmud s AEE BRI W A5 BHE dgshs PEe o
Hohe Ae SHoR s, B ool gdojd, AY] FPF BEE Q=g Wi A5E BRY M9 A%
P72 Aeshs PEe A% JEtEon Sest A2 5HoR @ 4 v

e

ol QlojA, A7) FPF RES AT Q UMEHA(deep Q network, DN), AZ 4
(deep deterministic policy gradients reinforcement learning, DDPG RL) ® FoFZF UEH A (attention
network) 2 T E oA MEEE AALGOZ Gl A EFoZ 3 4 Q).

Y AR et

Hodbdo] 9loja], A7) Hul Als BREE AAYW B JASE ER7] A ¢ da, A v AEs BRIV
A EZE ¥ WAl (Support Vector Machine, SVM) HE& 7F-AIQF £3F R @ (Gaussian Mixture Model, GMDE <=
low Ay AAwe dAE A (convolutional neural network, CNN), <3+ A% (recurrent neural

network) 2 A3 AF AL (convolutional LSTM)O.2 FAH oA HElg= RS Exo=w 3 49T},

> T

B kg 9lojA, Ay 3 A AWS LSTM(Long-short term memory) 217, GRU(Gated Recurrent Unit) 4l
A vpdel 8 A% (Vanilla recurrent neural network) % 5% <3 AlZ % (attentive recurrent
neural network) 2 FAE TolA MEEE=E AL ERoz I 5 Q).
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Al A a]
ofgt, ANelE Fdto] ¥ WL tg A Agelud A olE AN 224 X W 9] 9
g Aoz, 2w WHeTt olg AAlded osf AFHE Aow HHHAE &E A FRAANA T

A2l 1. EBG o]y 7|8t o= 14 A|XF AT &9

643d EEG "lolH &= 1] F3l(cognitive load)E 9% SAE 9%v A¥S 13¥E o= #3833 /44
Ho|HE o]&3 753 th(Bashivan et al., European Journal of Neuroscience, Vol. 40(12), pp. 3774-
3784, 2014).  dHlol&fe]l d A2 (preprocessing) A aAE npe} o], Zb AEER F2 AIRE Fejo] W
FH(STFD)S ko] [A7F, F3, Ad] Ago= vy 2 5, websh(13-30Hz), L9}94(8-13Hz), AlEbsh(4-
7Hz)o] QPdAdurs Z4zh Fg Y A Ax EA oz Iz th(Bashivan, Pouya, et al., arXiv
preprintarXiv:1511.06448, 2015).

Adel AAE nHHFEA ALS Fol7] A, FARAEHOR 23 P o ARSE EQ thd, A= A
=5 Y Fol ol 12k FAT AW JdIZHE F3 DNe A3E) 3 A DQN-
= 59, v g5d 2l T HH3 9@ 2d S u b

5 gglon, B Ay AlgHoz AREgE g g
Conv), LSIM A& 2 AT AFA 2% (convolutional LSTM)E AM&3FH(Yue-Hei Ng, Joe, et al.

Proceedings of the IEEE conference on computer vision and pattern recognition. 2015).

* 1
Subject Infd
WA I | S0l | So2. | S03. [ So4. [ S06. | S07. | S08. [ S09. [ S10. [ S11. [ s12. [ S14. [ S15. [ Total
WE & | 220 ] 18 | 212 | 199 ) 201 | 196 | 200 | 193 | 202 | 2M0 | 225 | 217 | %09 | 2670
Hie 485 ({ae dgoly o]9)2) qejel s #4)
R ] ABewd
s01. | so02. | s03. | S04, | s06. | 507. | S08. | S09. | s10. | S11. | 812 | 814, | =15
1D-Conv{%) | 055681 07129 [0.9296 | 0.9751 |0 9298 [0.92301 |0.9398] (0.835] | 0.0762 | 3o467 1 09677 1 0,933 10 7404 e ]
LsTM(%) [05ss| s |ossss|ogisl [oavss [osse [oaeas] 1 [o.9s0s|o.9se7|oss77loodzs] o8 | ooosn
Mix
w@ni-LsTMY (07676108643 08734 [0eT0r (oaTes | 1 |0.9R96| 08802 | 06714 |0.9644|0aT24] 07205 |0sT2T | 08040
(081 (4)
G"’{““’d T;"‘h 06379 | 07755 | 0.9012 | 0.9724 | 0.9830 | 09784 | n:9862 | 09384 | 0.9794 | 0.9658 | 09633 | 08644 |0T045 | 08988
Total
(RL Gating) |n5852 | 07358 0.8245 | 0.99 |0.9398| 09452 [0.9793 |0.9901 | 0.981 | 02511 [0.8816] 00133 |0.T773]|  0.903
L System{®)
o A, A & 19 A" uket

1o,
N,
ofy
il
|
9
=
=
[ep)
22
ol
o,
M
=
o
o
i
)
1%
_o‘h
2

o B BRe PAS NEsE v, FAA) B ANS 7 AAA el ol
-8 =]

Aol byl A&

R
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Wrap-up update

based on accuracy

Actions of RL
control the network
circuits

SIHSd 10-2020-0018868

... Output

4 classes

L

Fully-connected(softmax)

paw.ojsue.)

d3v e 144

induj
¥
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4

Algorithm 1 Actional Clasification Using Deep Q-learning

1 procedure AcmionNal Crassipicatiox Usisg Deer Q-ueamsisc( D, Ng)

RN

SESEFTEECSRem

CTEPESBRRTHHCEEENEBERBECSE

& Producing Classification Result with [raine size Np

Initialize replay memory M to capacity N
Initialize action-value function @ with random weights

<EEG signal preprocessing, optional as sorts of data>
DFFT « FFT(D) & Fast Fourier Transform of Signal Data
DAEP  AEP(DFFT)  » Azimuthal Equidistant Projection of FFT

Divide D6 fsto 3 pasts [Direimda pirwnfl  pyest)
«Train models om action umits of AL>
K + n{Models)
for k=1..K do
for minibatches: |5y, .. rpy-,| C Drrvindct gy
Truin nodel M each :Ill'lllll{ﬂl IHM E.l';‘ ...I'n.r-d
end for
Save trained prodiction function of modeli as fi
end for

<Train RL>»
for eplsode = 1..E do
for sequencial data sets DYRE : 2y _ry| € DIinBE dg
Initialize sequence »; = 5y and encoded sequencad &) = é(x;)

<Loop trial-by-trial per frame-unit on [ff*"/>
=1
while f + Np # n( DY) do
With probmbility « select a random action a,
otherwize select ay = max, Q" (0fs;), 0:0)
Execute action a; in emulator and observe roward
ntsid gt mext frame .y
for k= |..K do
if fulr) = ay then
Give positive reward ry
end i
end for
Set sg4y = spoug, ry aned get encoded stale map dp. = 6{8p41)
Store teansithon {9y, aq. ry, 64q) in M
Sample minibatch of trausitions (. ac.re. 651) from Af
Set y; = ry for terminal 0,
Set gy = rj +4 2 marg Qo105 0) for non-terminal ¢4y
Perform o gradient descent step on (g, — Qo a;:0)F)

42 ti=t+1

JIEE end while

a4 end for

4 end for

16 end procodure 1
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