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Tz ol ol TAHE "art gl EEolu).

H Ao A, AlgE 2L Efficientnet-b0 ©o]v, &3
Optimizer Stochastic Gradient Descent(SGD)E AME3IR L %7] A ZH2 momentume 0.9, weight decayt™
0.0001, &5&L 0.1%2 AASFY 10 epochsrit}t &5Eol 0.15 F3F3itt.
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® 10aE FEetH, leAs EA(1010)2 HHE oA RFEH 54 JEE 5535 Aol skt
Convolution Layer® &3} A1 BE(1011), EA AHE Al7bo] wlzg} 48 LSTM(Long Short-
Term Memory) AlZo 2 FAE A2 ZE(1012), LSTM AlF9 &89S 7|blog 1 GAS EF7] 93 2o
% 319 Fully Connected Layer® ¥338l= A3 XE(1013)& 474 £3Hst 4= ),

ol s
ro

AL 2E(1011) H A3 ZE(1013)& & 994 d<dt 54 F< 25001 2 &7 EE50912)3% 747 754 o
2 e,

a3, A2 RE(1012)S o)A ©lolE Byl olyT} o] ©lolEl7tA] meld 4 9 Bidirectional LSIM A&
S ¥ 4= Jut. 3, HE T 10adM = EFZ Y5k dlolEle o]A, o|F F Ji7kx ] HolHE JFH o
2 3lo] F 5709 AAIE "olHE JdE o e BF AdE FHIEF TAFEHJOY, I 7 570 A
2 "Rl glee BT

T 1029t e FZE A AF¥A T R A rd s E Aol SaE AT},

FAReZ, B Ao, 7]¥& EfficientNet-b0 EZeX Fully Connected Layer(FC Layer)e] #|A%aL
Convolution Layer5< 2#< LSIM Az 8oz 5% mdo] WAoo T 10a9t Ze] LSIM A= o
%o Fully Connected Layer7} ¥-7}= Sit}.

ki

10bE & 1028} 28 7%2E 7HAE QF3xs Ed9

i
)
10
o,
Jt
ki
i
i
o
=
rr
=1

olt}.

T 10bE #xsid, ok AFEE(Z 4b, = 6)d st A Ax HITr BE Yo did] 82% o] A
EE HoFE 5 g 53 Ao] ey, 53], Aewrt 7PF e N1d| tite] 64.389] F1 ScoreE H.of
Fi k. ol& 7€ =wed vusgls W vl =& Ao, LSINE AMESHA] @2 AE XSl 81.19(%

=S FEsd, Az AA(100)= M2 (110) B Z2AM(120) @fole $A415-(130), F45-(140), AHEAF
A=H-(150), FHH(160) & Aol shs o 2FF 5 Ao

FAF-(130) = A AA(100)7F Aol shfe] o AA e FAlE FAs] AT FHoR ARG TFL
3=t

PA .

ZA15(130)= TCP/IP(Transmission Control Protocol/Internet Protocol), UDP(User Datagram Protocol),
HTTP(Hyper Text Transfer Protocol), HTTPS(Secure Hyper Text Transfer Protocol), FTP(File Transfer
Protocol), SFTP(Secure File Transfer Protocol), MQTT(Message Queuing Telemetry Transport) &< &2 7F
HEZEZ)E olgalo] ahf o] Sl% WAL FAeh Bk AnE F4AT F Ak

olE Hdll, FAF-(130)= FA A H/Ee FA S Fa RE UENAE Vvtew, oF FAe AF
2 g vk o, FAF(130)= o Aok HHA R ddd = JAN, HEAAS Agshs st ol

o] 9% A (ex. ISP(Internet Service Provider))E& SallA € WA Fxe} AZ" & Q).

YEIE 9o = R wel /¢l A% (PAN; Personal Area Network), =72 =A13(LAN; Local Area
Network), 39 ZEAI%(WAN; Wide Area Network) <Y < Jow, UEHIS /Mo ueg AEZHY
(Intranet), A~E&} (Extranet), =¥ €Y (Internet) 5Y F Urt.

T4 EAle LTE(long-term evolution), LTE-A(LTE Advance), 5G(5th Generation) ©]&%Al, CDMA(code
division multiple access), WCDMA(wideband CDMA), UMTS(universal mobile telecommunications system),
WiBro(Wireless Broadband), GSM(Global System for Mobile Communications), DMA(Time Division Multiple
Access), WiFi(Wi-Fi), WiFi Direct, Bluetooth, NFC(near field communication), Zighee &2 & W2 F

Holw e =Y 4 vk,
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]
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[0146]
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4 EALe olyul(Ethernet), 3 UEYA(optical network), USB(Universal Serial Bus), ATHEE

(ThunderBolt) 59 B4 W2 F Aoz sus £88E 4 o).

714, BAR(130)E s 54 B4 WAl mE UEYA e d|o] 2~ (Network Interface) Hif HES
¥ Els

;A A Aad o dAHA ofdsta, 7= wlel wet s %

= A . 1l
she BA PAS E8E 5 A
A AN R, ZRAN200E FAR0E B Jolw shupe] @ FARRE A AEel B R (rav

T, ZRAA120)= FAF(130)E &3 Aol shue] oF FA=RE vad agz5o] x3E ojuAE

T, TRAM(120)0E AFA T Rde 53 duE i Ao itk AHE SAE(130)E T3 Ho= st
s

SAF(140)= Hol= shte] Ade] AA Alse digh A4 dloleE F337] g FH2=2, Holx dhte]
AXE X3S 5 9L

& 5o, 545 (140)=, EEG ABA A5 5 Aoz shte] ¥at 54 AA, B0G BA A5E5 543871 9% 4
o]k shute] wuk 7 A4, EMG A ASE FA57] AT Aol shte] A7) AA T& EFE 5 glov
ool A A GFerh

AL IER-(150) = AR BE e AR ARE Y W] 9% Fgoltk. A8 Y R-(150)E EA
AA, HE, 7het, mle]la so= a8 = 3

A A ', ZrAA120)E AFEA 4ER-(150)8 T3 FAlE e AREAE MR whel ahd e A AEE
5 F 9o, AT RS T vAde A ASE xFsE ovAE BAlEte] U dAE A
& 4 Utk

ZY5-(160) = tdd ARE AFst] g 7802, taEdoe], 297 & X3 F k.

d AN =, Z2AA(120)= dARtes FE gAde] A Azel wet dthd s Al i ARE

= =
FYR160)E Fal A4 B/EE Pghom AT & 9

T3, TeAAM (1200 FH dAle] ko] o] & olw A (ke A AT Tz =
ZdlolE AE = v, o A, AwrHAE deAs B dth 27F s 2 E(time-
1

A, W GET AN 52 BN, FU 9 BFS BaE 43 A5 ovAE swen £u d
AE BAGE A Aol Ao F2 AR, el itude 6“491 Qezz we 7}%@3} 4

3 2 AT EY o (software), dF=919] (hardware) = o]E9 %
o] g3t AFE (computer) EE o9 FASE A2 ¢S 4 = 715 wiA A FdEE 5 U},
St=do]d el e o, E Aol AMAuE= HA] 5L ASICs(Application Specific Integrated
Circuits), DSPs(digital signal pProcessors), DSPDs(digital signal processing  devices),
PLDs(programmable logic devices), FPGAs(field programmable gate arrays), X =AM (processors), #|o]7]
(controllers), mlo]|A 2 AEZ2 (micro-controllers), wFo]aE ZFAM|A (microprocessors), 71E 7% <3
< 9% A71AA KR (unit) 5 Aol g o]g3te] FddE 4 Ut
o] ZAgel & WAAA AWEHE A dEC] Z2AA AAR FHEE F Qrt. AZEoiHRl FE
2 A AYEe= da 2 7]ed e @/‘] dES HEo %

3% 2ZEdo] BES 47he ¥ gANdA AYEE st o4 A% 2 A%

W, AL 2NN D A4 dBel e Axg 7 gAY AEAS FASI] 9% AFE

_13_
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[0149]
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W& o] (computer instructions) & AFE Z2IHL H|IAIA HFEH 5 7k A (non-transitory
computer-readable medium)ol #&= 2= Qlt}. o]]dt u|UA A AFE = 7}5 wiAo] A4 AFE HHo
e AFH Z2afe 54 71719 Z2AAC g5 APHAS w Fee ohdst AA] oo mpE ARG
Aol AY F2s Aeet 54 7177 SRS gt

HAAIY AFH #5 7 WACIS 21D AA2H, A4, 2y 53 Zo] #e &3 &<t deolgE A
sk wjA7F oler Ao R dolHE AgstH, 71714 o #=(reading)©] 7hsg wiAE o gt
HAAIY  AFH d5 7be wiAe FAAY] d=2s, b, DV, 3= vz, EF#e] vz, USB,
HE 7=, ROM 5ol A& F Urt.

o

ool M= & WAl wiEAE AA] dol] tiste] mAjsta AREAAINE, 2 WA e 549 AA] del
FAE A ofsi, HHelelA AskE B JRA] 8AE Blojdo] §lo] dal] sfAlel ks 7]E ool A
el A e 7Hxl Aol fal thekg M AATE Tbedt e EEolal, olelg WYHAAES & JHAY V=
A Aoy Ao miE fEAoR o]sfE ol kd Aot

Feol Hd
100: A=k A 110 w=2E
120: EZAA
=9
Ed]
100
110
{) 120
)
ol 22l \
IEE = | EEAHA
M- "o
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E02
oES
N—
Y
ArE XS] CHAH E 2 7
M ABSS ES 5210
Y
== UHE e Al Als=0]
ISE OI0IKIE ¢E2XNs 20 —-S220
AEBIH, AIZ2 XS £ THH E Alg
(f// /:76;_ _‘_é: )
E83
raw data(301)  image(302)
:‘
AAMANMWANNAAN/
’WW\NV A /‘JMM’A\A‘JWJ\AJT’V \ \ Classification
B ) or
AR Estimation
AN VA%
CNN model(310)
Er4a
400,000
300,000
200,000
100,000 I
. N Hus N bn Mos
Wake N1 N2 N3 REM

MW Train (4 Validation

M Test
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EH4p
Score 224x224 336x224 448x224
Wake 88.97 88.38 89.04
N1 61.46 60.77 62./8
F1 Score N2 78.8 78.94 79.23
N3 81.55 82.24 81.72
REM 86.8 87.61 88.2
Accuracy 80.55 80.62 80.98
ZEH5
raw data(501)  image(502) image(503)
) ) )
\’\ (/ 7[\/7 '
ASMANAANAA/ AAAARNAANAAAN o [
I Py N iT/{) ﬁ>
AMSIANANANAA

AV VYa%

CNN model(510)

) X )
V N
O

S~

EH6
Score 224x224 336x224 448x224
Wake 89.14 89.03 89.21
N1 63.16 60.62 62.36
F1 Score N2 78.83 79.41 79.66
N3 82.40 83.21 82.10
REM 87.80 87.74 88.46
Accuracy 80.88 81.18 81.19
EH7a
Channel Background Addition
Best Small Large Random
EEG 0 0 0 40
EOG 10 5 100 10
EMG 20 10 150 30
ECG 30 15 200 60
Flow 40 20 250 20
Thorax 50 25 300 0
Abdomen 60 30 350 50
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Background Addition

Score Best Small Large Random
224x224|448x224|224x224|448x224|224x224|448%224|224%224|448x224
Wake| 89.14 | 89.21 | 89.80 | 89.01 88.99 | 86.16 | 88.90 | 88.96
N1 | 63.16 | 62.36 | 63.29 | 61.01 | 61.13 | 62.52 | 59.14 | 61.46
N2 | 78.83 | 79.66 | 78.83 | 78.81 78.31 | 79.50 | 79.04 | 79.15
N3 | 82.40 | 82,10 | 82.88 | 82.41 | 80.75 | 82.02 | 81.91 | 82.77
REM | 87.80 | 88.46 | 87.35 | 86.74 | 87.26 | 88.20 | 87.45 | 88.07
Accuracy 80.88 | 81.19 | 80.93 | 80.71 | 80.25 | 81.11 | 80.59 | 80.99

F1
Score

EHS8

image (801) image (802)

\ \
| ! )
I

/ /

Same Size with /

Input \ /
|

2 B
ARV AN AN AR AR 0 \ S \
HAINVINAAMAAAAMMANAMAR AR .

I
. - %
O
///(
e
Learnable Parameter
Bias Output Feature Maps
(Single Vaalue)
o //,‘ \Rv/r//
Vo 812
811
EH9
Model(910)
/,
911 < Convolution Layer
o
%—\7
= S

912 < Fully Connected Layer

T,—\%/

\,\\//

(Wake, N1, N2, N3, REM)
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Model(1010)

Convolution Layer

Bidirectional LSTM

N

1012 <

LSTM = LSTM| = LSTM =|LSTM -~ LSTM
(7~

LSTM = LSTM| =

T

LSTM = LSTM = LSTM,

—

sy
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1013 =/ Fully Connected Layer |
|
~_
(Wake, N1, N2, N3, REM)
EH10b
Score 224%224 336%224 448x224

Wake 89.36 89.43 89.47
N1 63.90 63.94 64.67
F1 Score N2 80.21 80.52 80.67
N3 83.36 83.76 83.65
REM 90.34 90.62 90.72
Accuracy 82.11 82.36 82.38
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