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The Construction of Assessment Model of Electroencephalography

for the Internet Addiction

Student: Yung-Chin Huang Advisor: Ming-Chien Hung, Ph.D.

Department of Information Management
Nanhua University
Master Thesis

ABSTRACT

With the rapid development of science and technology, the Internet has
become an important service in our life that brings people various conveniences.
However, the excessive reliance on the Internet may lead to Internet addiction,
which can have a negative impact on learning, work, relationships, and even
daily life.

Therefore, how to diagnose Internet addiction has become a topic of
concern to many scholars, and many evaluation scales have been developed
one after another, but there is no objective evaluation method based on
physiological measurement. Most of the scale evaluation methods are too
subjective. That is why this thesis, combining the Internet addiction scale,
electroencephalography(EEG) detection, it uses the back propagation neural
network to construct the Internet addiction EEG assessment model.

The Internet addiction EEG assessment model is constructed as follows:
First, the Chen’s Internet Addiction Scale is used to distinguish the degree of
addiction of the subject, Then, the non-invasive EEG detection headphones are

used to record the EEG of the subject, the EEG record and the degree of
v



addiction degree of the scale are input to the Matlab mathematics software, the
neural network training and simulation are performed, and the internet
addiction EEG assessment model is constructed, and it can be used to identify
people with an Internet addiction and to help improve addiction prevention

measures and activities in the future.

Keywords: Internet Addiction, Electroencephalography, Neural
Network
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o B~E Ak ptalE %‘i’—‘ﬁm#p*%«‘f}i)\ » Beck 77 3% 1890 & #_jj e
AT F AR F IR DPET QIR DR R IR TR
{6 > Hans Berger ** 1900 & B 454~ B 4047 7 A S50 > $3% 1924 &

PRI ARGk EE > 23 1929 g L T A Mg | 287
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ETTRS

T~ TS 2 % o A R e B AR A
Electroencephalogram > i # = EEG(Berger, 1929) -

ok e B R A4 R k0 v R A RaE R L 0
PU Rl e A5 F e R R T R g BE ¥ chE & Ry o Yad Hlw
e i b R RIRT o R RNy 2 E_f 1 50-100mV 0 s fRenF L
%
& d R (Synapse - #¥ §lmre FF crdiff 8E) 8 » M e 51dedrd | R

N

TR
—

* % T #(Resting potential, RP) o ik & & = € F] 5 W] el im¥e

N

fd 1& ¥ = (Inhibitory postsynaptic potential, IPSP) e it @ 42 (K o 5 izut
FieR D EERFERE T F oS éﬁg%@ﬁ@}&mﬁéi—
6 Fr PR e AT enE 6 T =(Action potential, AP) > d 3t EEG + % &_{ &
AR 2 LR AT R TR 2 d L e AR
frimie 48252 2 R & T B BT e (oA E 0 2015) (2% B
1) TP rg i 2R 17 en® i+ 8 e £ R 16 T = (Postsynaptic
potential, PSP)m # E_5# 7 = (7% Bia7 » 2000 ) ©

ok

\
/
(B ET o w “Z @

—{@E8iExT
AR

T “)
/ (/ @ < \
ey

"‘W’ WIEER

B 1 A”m%\é]ﬁ\’%ﬁrﬁ:" fa%ﬂ.
A RR R AL (2016)

R ek — BF A G 4Rt (Amplitude) ek 8 (Cycle) s & > #
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diRtgHOH 5 Ak TeildRigal ¥ ] 100 ficiR A ki HH
PR EF AT RRAREATY SR F G A TRIE - fih G BB
kFEHp S > v * Hz k457 o Kimetal (2013)i&- # & &3 =~
TR Mk A 4T E < R 24 1 (1) PP (Time domain) L 4 45
-E RPN T A B E(Epoch) 2 R R ZF LS el s T30mE 2
i 25 7 = (Event-related potentials, ERPs) ; (2) #7 #* (Frequency domain)
TAL S A7-5d MeiE 1 2 F 4 (Fast fourier transform, FFT) 2 -] it 3
#% (Wavelet transform) #7 ¥ 3| ergg 3 5 & A 47 ° o L BORk
3B is 0 BRENMIEWGHREREDOEEHE RN L/ A (Event-
related synchronization/desynchronization, ERS/ERD) ; (3) i i £23d i
2. R P R BT PG % 2 Y 48 & 42 & (Coherence) st e ) Y A2 R A 7 & o
RBERENTREEF LR ENA AT UL Z U T e
AAAA (1) S - ™3 4Hz B~ il o — S & R
FRETAHRS AR EF TERE A A A A B2 KA i &g i(2)
04 : 4Hz 3 <>t 8Hz » &R * AT oo WA FTEY SRR
BCER R E BT Mo A A4 B AR (PR ERY R
EarEcheT B O L g W4 0 @ M4 BB EarEARY 0 O Lo g
B4 5 (3) a 18Hz | 13Hz» B R 4R ~ Mg » L BLBE
Ll i s LA GERRA DS R L § 4 A
B~ GhET ¥ N BRREF AL P e ER s )
¢ P B 5 (Klimesch, 1999) 5 (4) Bk @ % *% 13Hz ek
w~%ﬁ$ﬁ%%%’é%%%\%ﬁ§€‘$§&ﬁxﬁﬁ‘$ﬁ
LA e 0 ted S FIER PR N T A /ﬁ»)j* g o - &
widk e gl TIRERA 0 FIG ok B AR R F e R
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R R s k40T 10Hz 230 8 50 ok B S
LHAT §RF NI A T IRIGE up s - FRE TS TR
Al o FF e A A B WA R IT S Tedd kew (Activation) £ £
iﬁ’f;’%""‘f{‘]‘tk\‘ A ’F ﬁg&aﬂ:xjﬂm}]}s@—r y 1 é_;é;«]g]—p.ﬁ

Ilogendim o

Kim et al. (2013)3% 5 B2 2R %9 7 /& 0% [ 247 & (Spatial resolution)
- 2 A BEfFEOISE 0 £ F B PFR 247 & (Temporal resolution) £7 3 %
g e TR K AR R B E RS o B
BRSSP G FRGARAE LSRN RAEEREF A G
(%%%wﬁﬂm*%@ﬁ#)\ww(Tﬁw AR ) R
(B AAIE ) RIH ¢ Pind A feibH T § (TiEE S
RS ), M h RS R RS EAR AR R G OB o B eh
45> 5 o Alpha 5 B felsa T, 5 M o w23 E 0

>
\4\~
qL
[

"t Alpha 3 & 7 $A-4E(Asymmetry) L 2 15 eht f #15 % o

B po AR n S R K o R Alpha 5% R S 4 5

—

MERIFEZFEKET M o @ Gamma 4 £ 7 ERD ¥7 ERS B 4L ,';"rfl
Pefr B £ A MFE 3 M > Theta A e B P& B A L
AR TEERFOF By Mo iR AR R g s
ARREFRH L ATET P o 5ok il - RehR o

ARG R RBIEATS B PR 2T 4 S B N2k
NS R 8 - U - I SRS - B A LS e B o R
LR R ZEE M o Pt 4 AL 0 RF E FI AR B R e
2E (HAF2015)0 @& % 2hiz r 382 2 PG BT RIRTRA

4 1@ 5 R % & P (International Federation of Societies for
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Electroencephalography and Clinical Neurophysiology)st & 2. 10-20 #
B HmE E % %(10-20 electrode system) k i& 7 » 4[] 2 #7710 X
RIF ePsp B 2 F - 3o A v R Bt TR ot (e R £
1991) > Tl » & 3475 2 b P B I A TR AL & I T

RREE > 2 R L EY BREKAT O VY EYFALNLA

e

Qa,

F'reaurlcal
point

Bl 2 RPEAE e a8 10-20 fiz B )
TAL KR AFE (2015)

% 3T HmREFE A N R A

Bp | e B2 [hall:3
1 T Temporal lobe fig ¥
2 F Frontal lobe £330
3 C Central lobe v
4 P Parietal lobe Ak
5 @) Occipital lobe ok

FH &R PAE (2015)
BRSBTS 5 > Xu et al. (2012)F1 % Muik & BATE 0 ¥
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FI* 4 B RGO R R MR T M 8
LS SRR g S RN AR FUE IR RN = E R T
SR 4L AR AN RS 2K P F Bi14 ; Ming

)
=z
=
W

et al. (2009)* EEG %@ A b 5 40 0 - 5 4500 £ pios « s
WAEBLARBER AP AT RFTRRR ARG RL R
LR f o TG R TF PR T RPS R G
dMPrEE R RASEL LY S ME BRI Z FIERARR AT
£ (2015) FR* iR A BLITE 2 Rl RETfER S T F 0 &

PRRAE R e dl A iR R RERRE F L AR T4 0k
Heerrzo g 5 LT (2015) FU* "l R B R Y Rkt 28 5%
(BLgcfl) frid * FRE R DT L FRpRF2E 5 57

=
!

(2015) = S AR A 5 2 F B Wl e
EBEAFE AT AR DU 2 MR
HEFGALELATLR A AR FEEEDRY ; Lee &
Kang(2014)r2 *ait f& k| = 3 > 1546 EEG & ERP $f 5 i 2550 & g F i€
(7 AR B cha 50 18 I BEG Tk M BLenA $E L F 85%hi Fr &
Luijten etal. (2014) 4] * ERP £ fMRI % 4 47 % & s\)@—;f 2] EEAR S 1
et o RRERSREEHD V2BV ROER TG (2014)
AL AE WA AT EFRHEPHRE 17 T 5N TREBIF:
BFE GBI FERST S A SRR v B R FRRE A D
PR B H R e B8 17 55 Wang(2017) 41 % i A B
FRaBA Y #ric f Bl enfo 3L KA 7L AV ARA ha T3 B 4 B
= 1% R FEAR 3 #c(Bispectral index, BIS)% 1 x“/ﬁ‘ﬁfrf FF AT G e,

FE ’F ﬁi&iﬁ’fﬂ % F;ll ﬁEl *alm F';fé T e ;’]‘ii‘ﬁ-f’??”ﬁﬁ" ;s‘,,t:/ﬂ 4’5
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BEFRA GRGALDRERE D ET ERYE L B AL
ALY LB PALR » LR A F AT A28 g
Bod ATV A S Rl A 4R BT A A '
POEEET o TRA L CEEG T ¥ N G teom BRDR A B B TR g ik

B b B SRR T NITL A o A 8 ek jie 2. — (Nigam &

Graupe, 2004; Kumar et al., 2010) °

KA o pRbifd 2 B NGRTEF  E e AE ARG P
g AATE Fehfh ko R B AT R B0 - el
B3 e ek o 344 (Chiang et al., 2006 ) o o 3t agA? & 4 gL 4o A
KEELAT k Szl B Y B A2 ek 47 R 2 (Deng et al., 2008) 0 H it 45 12
UV ENF R M E B IIRB g ﬁ&@;};@%ﬂﬁ% N EIJ.%Péﬁ%év’ﬁ;'] ~

?%géﬂﬂﬁﬁéiﬁﬁﬁjﬂ$@KMmmm2mmoﬂw,g

MEAEAY SRR S R A TR Y 2 B Y 5N (Pattern) 2 SR AR PR A A
B o

ZE =

F (Chiangetal., 2006) > ¥ &2 gz £V & #3]- B
d AT EEA SRRV TE’%J » —%] It egg fe B 7% (Lee et al., 2008) »

L
Rk

_p

PH e P R BT E P 4] F (Vellido et al., 1999) » Fla &
280/

FEA-IZABRPFIFTAREL - o FHERRAFELER S G
P ARIFEAK S F LR~ F ¥ A 47 % (Chi & Tang, 2005; Vellido

etal., 1999) o E:.;/’\ % g F];fﬁ” Zd 4@ ;}%_ﬁ)z g ’Fﬂ;}izﬁﬁ:’ ¥ ﬁ&%
FA s 2 47105 (Hu et al, 2008) - X @ 2R 4 R RF R 2
FHF RO LIRS R R E R 42 G R SRR

fest 8 v ie §F 4 47 405" (Chiang et al., 2006; Deng et al., 2008) © F] @
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Cascante et al. (2002)4p 21 254! S g5 d Fogd ~ SR & N L e s
Po R L RAFEE G P 1L P HERARAARET 0
LeBEE o

Chang(2011) = & * 5] @ vLap4d 5 i ~ K A2 5B Lgs g
Peprle & TR & A KRR T B S EN R ARRL 3RS R
(2013) = <2 A ZREG FRRI c B B gl A7 7 0 4 B 1 i)
BEGA SRR FRFAITAIE REFEH R FHERELE
A B R AR SRR AT AT R 2 SonTi R T e
(70l 0 kB R ATAY S BA G Ui P Rl# 4 5 Dengetal. (2008)71

e Jr HHE L PRI G P TR R R E A A0 1L 4k B AL IR TR

B2 kg £ % R A& Baylari & Montazer(2009) ] 18 * #g4¢ 7 e 2 4 e i
& g Y A EEFFER ;gu#’gtﬁgf@ A LB Y 344 5 Leeetal.
(2008)f6 * 74! (G be e (i) § H R F (7 5 TR 0 3B AT g
BACR T § oc® A MR SHAF 7 5 5 Hu ot al. (2008) 1 4474 5 4 B
T 2RIRRN Y F H
Fi* i) @R Y
PHEFEEFERYULNTFAF 2 Febefd L4 P& 550

AN H A ST EEs 1 F oh (2018)
ﬁ’éj\‘?F‘/PJ CNCrﬁVgV\EEm4C1 2= A ﬁ*/i—t&r’

fep R A R A e o R N R R O A SRR AL S Se T
(2018) & fRA-FHEPI=EFA F 2 FIZ S B TR F R 272 adF
FORETIE (TRAE B IR ¥ ARIT AR 2 A S Rl 2 R B F
IR i L o L BIBEES 0 3 ARFER] 0 - Pl AR
RA W~ TR T - Rl TR G A QR RS Y s
BN F Ber s (B A4 enIE R R 5 HEREE (2018) B R L4

Zé b z "t’gtlg’ ’}’3— -\ j\—}? /? ’:[‘}E“kli N E}‘!:,%Jk )k /\/\ ’ Pﬁ'ﬁf"&f’(ZOlg)
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2
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gl
5
L
AN
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-?"—::
ini
s
%}}
i
W\
\ﬁ-
Eh0)
o=
=
o

BAHERREEY SRR RS I S P EFED
ﬁﬂ.ﬁ%ﬁ‘éﬁ—'i‘lfﬁ’ﬁ Bz oM RRE EOER > AT T HEY §E
VA 5T 4 B2 05N (Back propagation neural network, BPN) ( %% B 3) &9

FEHIEE R - BPN £.4 Werbos ~ Parker 12 % Rumelhart 3 £ % >
1974~1986 # #7773 » d *v 84 GRBRRFUEATR LS 47p %
B i T % B 4 (Chiang et al., 2006) » F]p¢ BPN 4448 % &1 i
5w A e 0 BT ASLAR AR AL TR M (0 8 @ st o
% (el ifie ETT?) > BPN &35 i 7 AL k 5% # (Data-driven) » #
3t 8 @ & 4] e(Computationally intensive)s4 47 1 £ (Hu et al., 2008) o

BPN i¢ * £ 3% § ¥ (Supervised learning) £ o 4§ ;% (Feed-forward)

\

¢4 B 2 H(Chou et al., 2010) » A8 & % L1 %= 583 53 1 4

R D (Weight) 2 & i 1R 6 ) @ ehig & 0 5 45 RS
/‘yuﬁﬁ])\b%ﬁ%lqlhﬁ—zg];\,mﬁ_}lj\}\if /w\’}'?’fi“\’“%ﬁr} ‘1{%{; le{

|

E 3§ Y hp eBPN 1 @ gﬁ;f])\}éi\ﬁ;f]jr‘}éi\u;z IR

_‘\:lﬁ;f])\@ab"iﬁ%] 4'@] e & B e (Nodes)iL Z 54 % & @ ;?;}é]
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F V& 0 3 ERER] 2 4 TRk % % @ 2(Chi & Tang, 2005) » = &
1 BPN ¢ B G iE i) FenE s T 252 & 345 260 % % (Chi &
Tang, 2005; Pao, 1989) » © 5 s "5 k& chiic & F "+ € wigts e £
Fedt R AL H B 5 B 3 et % (Pao, 1989) » Fpt A f 11— BIEFA

BPN : i i e B A A o

BASEE

< BEER |

By

Bl 3 BPN %k 24
TR %R ¢ Tsai(2016)

(PR R

B R AR B TR ET AP AR

[a-]

,f%‘

BIEEE HE RIPRBAETHAEES -

-~

2
fe
it
=
o
i
£

€A RIS R R el

|

\

2. FBEHF D A

WA SRR R B B agad s 5y p g f

=
4y
~m

R

PR F AT REDFEREEE  SLATVIRE T

24



TRAEALT R

TRABo i v~ LA % SR AT

¥R ML E B B RORIE 1 A SRR G
Bendon BEERER - T RAUR 1T 0 LS
2 TR RS N E RS BRI
»H N o 3 ?ﬂ**&%%*&%“@ﬁT
EFHEIALE-

PR BB

A SRR A B A SRR S AR PR
2 A G LT ARSL R 1T E AT (AL i

FE O RARSAIFEY BB S
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AEEMR LR RREEEFY X R A] PRAFESILE
ARbe P #RSEDSRIE  BERRSRL AR S T URR

SR AR R 0 B B SR e R B B R i kB
o mEagd SRR 2 T REARGA T o BRI

Ha E I ARAC R 4 7T e

4y

L4
Ir 1R 48 A

L4
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BB R SRR £
%%%ﬂ@ﬁiﬁ’ﬁmﬁﬁﬁﬁgipfggmﬁ -
(2003) otz @ > i ® Pl E £ (CIAS)E f ¥ = cie it = g

;}%E‘F\:B$’FFBJSJ_EBE“L’[{-L%&?PAI’?J%W@I@E\& » CIA Sﬂ&

153

i“m—g/,,\«“;\)@ WE AN AR AW G BT

GBS E R PO EH A e Ry F O E S8 AL

= Ji&(Ko et al., 2005) > ~ § 4 64 & 11}

Ao\

+,64A,\I/'—“

& T 1/ ’
68 4 111 % & Ae(Koetal, 2009) » d % B £ jplfh 4 ¥ 28 w0 3 5 &

SRS X ERE R TR S A VRN § -t S 2
1R A BT e R IR 0 e A R R DR AT

St £ A AR Rk AR B E R
CENT S8 A x B A 64k o B R G L AE

TR HE IS LXRE 2% 2

F T2
FEE A 0 E LT 22 A kg Koetal. (2005)F7 3 0 1 58 A 1Y

AL L= 7
ENECA

PR BT 2 eR

bR AREFER %G < F4 b 24F Koetal (200987 § > 12 64 A 11}

AR R LA SRS LG A8 4 0 A4 K 25
Ao H T3 A A 20 4 240 K i 1 4 0 36~40 K 6 4

31~35 F 5 4 5 26~30 A& 5 4 > 21~25 & 4 4 > 11~20 & 10 % - 10 f&

'I‘/‘—L- 2 A o
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§ & At Bl 5 1 30.7%% 20% 0 AR A F G 10.7% 0§ SR

HIL Guk F At o

Ewe
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6 5
5
4
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S EERERE | 11 s
1
o 0 |
A A B A % A % A B A % A
= N )iy N B N Jix q\ )iy N )i =
e R & S e R Bk % e & 2L
10k | 11E~20%  214&~25% 26 ~30% 31;&-~35;&- 36k ~40% | 414
() (7)™
T 4

Bl 6 &8 e s #
BESSR A 5 11~20 & ~26~30 & % 36~40 A FEFF > B B h

OB BT 0 2125 &R 3135 AR RIILG P AEEA R o

28



HOTALR 8 R
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14
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12

10

8 6

6 5

3

2

0 n 0 = -
A B A * B * k-4
=N i3 EY N i3 = )X
SRR LEG) FLGE) D E

rnTE

B 7RTAR S SRS
MRTARRK B BRI AFFR G BRI Y AR
I PEALE

B A

7 7

16
14
12
10

o N B OO
.

e I -

ez I -
.)—‘

e I

1 1 1 1 1 1
m = = m = -
S 7 R 4 7 woOF
B ¥ * > i B +r * 2
N ¥ oa ¥ 5
% R BooE I
ERL S W

Bl 8Bk oz s

A pRoti g A L ko3 R %It GlIRF 0 5 30% 15.3%:
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H I P eenpE R 2 e

10 9

9

8

7

6 5

5

4 33 3

3 2

2 I I 1 1 1 1 I 1 I 1 1 1

1

0 H B B R O HE B N
* * - * * B * B * - * - 3 *
& & b & BV & B & b & 13 B &
e k& % e Rk % e 'R e e K3 T
11~15 16~20- p& 21~25 26~30-} pF 31}t S| prp  6~10)FF 7 - B 73 if
| P ) P (%) ()

B Q% b PR A A H

MEF P ERERFERE N3] ) KR SR PRI T AR
R R G B4R o dotk 2 AR TR R 2 2 5 (World Health
Organization, WHO) ¥t e Bt 255k S e cn 2 & ~ B 5 » TH 2 7©1%
ALl CJARNEIENE SER TR SECTA R LR R RN SR
PRI A REB TR D2 K E R WAt ol

.3,,\

e
A RV RER TEHBEEBEN S > 2 ERDY ) (R ARL

= Bp PeBE g T R R

o eRIER IR R M 0 ST B IR R T
e B R B S B R T -

AR R R A A FLH (NeuroSky) o & #7474 % > > (MindWave
Mobile) k & (7 "ok Bl » "o = > F - FH A% 4 5 (Brain-
Computer Interface, BCI) ezt iz » 7% 8 B 4% > ThinkGear 7

AR A mEEa- BRRIE MERE ARG LT TR RE S
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AR A GELRIE >  TUHEE SR T AT AT IR T TS > T iF
T RB R 2R BRER AL ST R ARSI TR F
i eSense JFE Fi{7HE » @37 £ 1 ¢ eSense dp ke N

(Attention)dp #c 2 32 £t & (Mediation)dp e > 12 Heiz it g = 5 k7 g
IREF AR R AP R R LR TR R

Bl 10 P = * (MindWave Mobile)
TR A A (2018)
eSense :}% #3100 2z FF enE fE diciE i\:}ﬂ—r EAE= TN )
Bfex PR KRB o ficie & 40 fo 60 2 B 4 71 +% 78 4p Fe e Ja
— e iE - Bl g AT 00 F R R B BT m el AR e
(e #_ ThinkGear sk #Up| € > 2 8 p § hB JIHHr > & F R T

PSR R D ) o
Bt 60 3] 80 2 B At 2R M Eih Bt TR EF o
SR RTD KR (T DHRT B R A K R
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fPI2 o 4ok fciE & 20 3| 40 2 R & 57 44 P 5 eSense 3p Hook

v ik

-~

ot TIRISE R | #icfs & 1 P20 Pl Rk F A TME T o

%

His F @ A DA oA R fE4p 5 0 eSense 4y Bkt iE S B R R
TR O RE LRSI RPREDTLP BT X 75
F¥&%coeSense @Bz B dlipdaiadnt »vEHEY THhEp g
e ifhiz T AR RRY FRRAGE ALV ERIPN LB ART
Tt L B e TH G4 Fod 204 * T p B Bk @ 7 ThinkGear
R N P A FHAA R F B T AGE T okt B
AT IS C A B SR et Y T e S A

eSense H L Ripdch P 0 R F FHA T F PR pREATILE R
K ZIARR 0 Bldeo A iE > BRBAAET YV U T i
LI EELRE S an‘ﬂﬁirﬁfﬁjf g 1%® o ZApdE e FIA0 3] 100 -
FRP B P AR A R 0 B E AR AR [LE-YEA
K dp Hcengc g o

YT G PRk W R R SR T e

Tl b RS ER S B M R R RFEH R L3

':F?}J“
-

—

b

)

L

TETTERS LS S T A PSS
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G RRE  EPRRL - A L T

fedl REATE 23 R o Frhk F IR ek
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[

-

'

L (ERZE A >2009) 0 B F BRI E B RERR

=

'

T Ak AKis K;if,ﬁ,?—“zlﬁﬁ,\ﬁ%&m}k—ﬁ)‘}@- B
T AR Ed o SR AKBR -
5% 79 B Mok By R

BB F - X B LR i @ 5] 10 A e
HFHR . FHR AL 600 B LR B4 BGR TR TRE RS R
5 %% 5 %~ Matlab R2016b 5% # i& {7 #74¢ & e e B o

33 A AT M EZ AU SRRYRSNT R B D
TR TR FIAEAY SRR g H) R A BT B B B R
17 0 4o Lietal (2007) 1 i@ * ABF B 4cHibFer stk & 0 2o L 54
Fpp RfEE S AR RS DR R AR kA AEY
7 %% Lietal.(2007) s Z5 8848 F pfc bl > Ree L i S 8 Y o0
JHEAPA > BEE D R AT YRR A

45 (DEQ)F 3+ WiEs FHL, UL

(. -2
min + max Ny S
— X |—2X—=—x%1n(10729),L < mi
2 N, + N, y, < In(107%), L < min
= <
L min ,L > min D
min _
k_S ,N, =0
rmin + max N §2
——Lt % [-2x=Xx1n(10-29),U > max
U — < 2 NL + NU NL (2)
max , U < max
\max X 5 Ny =0

33



I

L min  Uge max 9]

B 11 AR E RT3
TR R (2016)
min 2 max A %] 5 BB Ik A ik BE R B0 Uk 25 max;rmin ,
N2 Ny & B % & o] 30 v 2 304 A P oo BRU g, 03 2 3 o NL/(NL+Nu)
52 0 8 NU/NLHNY) & + th R dic ) & W S L Bic s dc? B E TR
A B PpAcat £ FFJ1* = & & # (Triangular distribution) 5t # 2 #
AR fR R T
0B AEA SRR
TR 5 4F Matlab B8 #fl P A SRR B i o
Pak Bclp R APH R R S Bk o B2 B Y RIS L EE
TR A BB RARETTELE SRR Y %
FLFEME S i s T UE 12 2 = K BEA T RO o7 g

B R R BT A« -
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B e SRS
:ﬁ:
Rt s A

BRSO A TR B R G E ASRL A L 6140 A u]ITE IR

FHR(BRGST > A2 155) 2 pREFR (235 AR
10 £ )0 F 4o » w4k & TR E 5 20 RIRE T > 1945 Lietal.
PR R MR F RS Hd S B 4T 100 LpF o TS
78.23%3 4 5 95.33%(Li et al. 2007) » AFTE 1L L R R4 R

FHL 20 3k 2 20 12 0 12 400 LR F R F L AE 5 % w2 100 £

e
D
o
by
‘5’?;:
™
4
o
=
ﬁ
-\1-?\1‘\:\:
e
.\7\\::
-3‘-:%
(‘H}
IR
N
(@)
(@)
s
o
S
i
<l
=
=
W
e
D

Tet 100 L F > ST B SRR -
% i Matlab «H8fAd S pe 1 B 4y Az T 4 0] i o
PR FRAVREEE VR LEE 25 F 5 4B 13~8 24 fro7
(P2 R 100 20 pI5# 3o 200 £ 5 6 ) A4p B 3K 2R 5% Matlab
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Command Window

Mew to MATLAB? See resources for Getting Started

> nmtool

- & s o nntool 47 Bk 48 4% T A4

4 Neural Network/Data Manager (nntool) — O *
B Input Data: m Networks il Output Data:

@ Target Data: a Error Data:

) Input Delay States: ) Layer Delay States:

a Import... | | % New... | Open... & Export. M Delete (D Help aClose |

B 133444 Sl B
%= (4ol 14 #5577 ) 0 BEF T 3 Import e 0 oF R FRLAR
FoMDRTH P ARTAZ RETA A SER S ROTRN

BLH Import 447> B-FR X E 57 o
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4 % Importto Metwork/Data Manager = O x
B Input Data: Source Select a Variable Destination
Train100 @ Import from MATLAB workspace (no selection) MName
Test200 Target100
Load fi disk il Train100
O oa rom disk Tile Te-stzDCI . rain
MAT-file Name Impart As:
® \ Metwork
Browse... @ \ @) Input Data
@ Target Data: Target Data
Target100
O Initial Input States
(O Initial Layer States
(O CQutput Data
) Error Data
¥) Input Delay Statet © % Import & Close
& Impaort... 7 New... d Open... & Expoart... & Delete @ Help D Close

Bl 14 % > 250~ pARZ RIFEH

A= (4B 15 #7om) ¢ BT 3 New b |0 oF e R0 R RAR
% > 3% % Name (8 &) 2> Network Type ( B4 4] ) 5% % Feed-
forward backprop® ( ] @ YE 4§ ) > 3% % _Inputdata ("R F AL kiR ) 2
Target (P 7T RR) 4 EFPRIE - FREF Y S8 2 i
S Rt B2 K CRER B A ) SRS D SRR A 5 A
B#ciB * € @ 4B LAZIE Matlab 3t d < B> FlieRMz B2 L
MEL S EREZEEYH O T AP BRG]0 B O G AT
DR EE A S > T 5 View #4200 AR ATE 3T D
A SRR SH (4oB 16 “77 ) FEsi =R & 77 B Create 4442 7 22

MTF R R TR Sl
1. Name (% Z4£) : network100

2. Network Type ( ##. 3¢ 7| ) : Feed-forward backprop
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3. Input data (ﬁa?] » F L) ¢ Trainl00

4. Targetdata ( P #%F #%) : Target100

5. Training function ("3t %) @ TRAINLM

6. Adaption learning function (if &+ %5 % S #c) ! LEARNGDM
7. Performance function (}+iy S #c) @ MSE

8. Number of layers (epe i #ic) 1 2 ("5 K +$'?]5'15§ )

9. Properties for (k& =t {25 73k =) : Layer 1 /Layer 2 *» $%

10. Number of neurons ( % = # # &~ efep ) 10,/ p &

11. Transfer Function ( #& #% & #5038 7] ) : TANSIG TANSIG

Ak

7 Create Network or Data - x
Bk Input Data: Network | Data
Train100 Name
Test200
network @
Metwork Properties
MNetwork Type: @ Feed-forward backprop w
@ Target Data: Input data: Trai ~
Target100 Target data: Tai iy
Training function: @ TRAIMLM ~ ~
Adaption learning function: LEARMGDM ~
Performance function: MSE ~
Mumber of layers: 2
Properties for: |Layer1 ~
¥) Input Delay States:
Number of neurons: |10
Transfer Function: TANSIG  ~
O @ ] view ¥ Restore Defaults
3 Import... f New... _E'Uﬁ'e" @ Help ® ¢ Create @ Close

Bl 15 573 4540 ‘St
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A\ Custom Meural Metwork (view) - O

Hidden Layer Qutput Layer

Input

600

10

Bl 16 WARIEA 5 i

W Fw (4B 17 777 ) BLiE 2540 15 % B (network 100) 2% Open?

R o 73 P Train ("%) ° T % > & Training Info ("R FA4L)

oA REEIRKRE P KRS *7 7| Training Parameters (3

REB)FE & C(4-B) 18 #7177 ) » 3 T 8k £ {4 2L Train Network

Fode T3 0 3T S Ao Bl 19~ 22 #1F o

VA R &S O

1. Epochs (3"ted ~ 5 %= &) : 1000
2. goal (s PH): O

3. max fail (B Z%FEHpp 4 =) 6
4. min grad (& ] i #H A ) 1le-07

5. mu (& E 474> ) 0.001

6. mu dec (H & &> fhdic) 0.1

7. mu_inc (# & 3 4r 2#c) : 10

8. mu max (# & & = &) : 10000000000
9. show (Mg % > 2" ¥p &7 )25

10. time (&~ H =29 PFRF ) Inf
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4 Neural Ne

o/Data Manager (nnt

Input Data: Metwar Output Data:
P B ks p
Train100 1

Test200

i 2t N netwark100 - O X

View Train  Simulate Adapt Reinitialize Weights View/Edit Weights

GTarQEK )Training Info  Training Parameters@
Targeti

Training Data Training Results
Inputs Train100 ~ Outputs network100_ocutputs
Targets @ éTargeﬂOO e Errars network100_errors
Init Input Delay States (zeros) ~ Final Input Delay States network100_inputStates
Init Layer Delay States (zeros) v Final Layer Delay States network100_layerStates
(¥) Input Dela
{7}
SN
| nglrnp-ori_ || % New... || EOpen_ || &Expori_ || 3L Delete | | @Help || D Close |
R = 1 e .
Bl 17 $g4? & 4 B 2" % (Training Info)
1 Network: network100 - O X

View Train Simulate Adapt Reinitialize Weights View/Edit Weights

Training Info  Training Parameters @

show\Window true mu 0.001
showCommandLine |false mu_dec 0.1

show 25 mu_ing 10

epochs 1000 mu_max 10000000000
time Inf

goal 0

min_grad 1e-07

max_fail 6

‘] Train Metwork

Bl 18 #g4¢ 5 4B 2" S (Training Parameters)
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4\ Meural Metwork Training (nntraintoal) — O X

MNeural Network

Hidden Layer Output Layer

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  [msze)
Calculations: MEX

Progress
Epoch: W] || 9 iterations | 1000
Time: | 0:00:23 |
Performance: 0.00
Gradient: 0.934 | 167e-08 { | 1.00e-07
Mu: 0.00100 | 1.00e-12 1.00e+10
Validation Checks: 4] | 0 | ]
Plots
| Performance | (plotperform)
| Training State | (plottrainstate)
| Regression | (plotregressian)
Plot Interval: . 1 epachs
v Opening Regression Plot
@ Stop Training @ cancel

Bl 19 #FA4Y & e B2 U & P
¥R 1A 1.67e-08 i 3|2 S8k Tehd ] s ¥ B 1.00e-07 »
B om lzac(de Bl 19 #771) o
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” Best Validation Performance is 0.00010419 at epoch 9
10

Train
e \fElid &tion |
— Test

Mean Squared Error (mse)

0 1 2 3 4 5 6 7 8 9
9 Epochs

Bl 20 2 st
— Lm0 BB A EAR] ARAF 0 s 9 ik i (epoch)FF

% 0.00010419(4c ] 20 #77 ) -

Gradient = 1.6694e-08, at epoch 9

10°
=
e e
-‘3 10
(=]
1p-10
5 Mu = 1e-12, at epoch 9
10 T T T T T T T T
1020
Validation Checks =0, at epoch 9
1 : : : : : :
s
= 0 * +* + + L + L L L
=
_1 L : L L . - L .
o 1 2 3 4 L] 6 7 B 2]

9 Epochs
B 21 2" 5k i
Validation Checks #_% K1k i i B VM 2 Rig4e 4ok
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W6 i
_,ll éﬁ# 7 g

1*Target + 4.4e-05

Output ~

0.85*Target + 0.0021

Output ~

BRG] E R &

]'9 m\:ﬁ‘%ﬂ.

1 % % (4]

SRR

i

21 #71) o

Training: R=1 Validation: R=0.99983
1 |
O Data S O Data A_z“
—Fit =] = Fit /
V4
0.8 Y =T + 0.8 e ¥=T //
B /
o
0.6 © 0.6 /
5 /
(=11
(=2}
0:4 S 04 /
I /
! p
5 /
02 302
P rd
0: “.J
0 o
0 02 04 08 08 1 02 04 06 08 1
Target Target
Test: R=0.87264 All: R=0.98016
1 )
o
o 'E)ata g
— Fit :
0.8 S
¥ =T +
=
@
0.6 g 0.
3
a
0.4 o 04
i
1
0.2 S0z
o
-
5
0€ o

02 0.4 06
Target

PRI (4o 23 “im)

M

' 8L# Simulate Network 3£ {7

(PR 12
Gk AR ER % FEERE R

0.8 1

Bl 22 @
) AR

33 S
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1 Network: network100

View Train Simulate Adapt Reinitialize Weights

Simulation Data
@ Test200

Wiew/Edit

Inputs

Weights

Simulation Results

Cutputs

netwark100_outputs

Init Input Delay States (zeros) Final Input Delay States network100_inputStates
Init Layer Delay States (zeros) Final Layer Delay States netwark100_layerStates
Supply Targets ]

Targets (zeros) Errors

network100_errors

Simulate Network

Bl 23 spAd g iR

T

H I (o 24 4T LR R A A 2 TR )

’

(network100 outputs)! % £ % (network100 errors)? » L% Export 4% 4= 3

g 4

’

EHEREE BN PTR

4

2L4F Export 3% 11 7

e

N

-

B R

eural Metwaork/Data Manager (nntoal) — O
B Input Data: w Metworks 8l Output Data:
Train100 network100 network100_outputs @
Test200
@ Target Data: a Error Data:
Target100 netwark100_errors ©
& Export from Network/Data Manager - O x
Select Variables
Train100 ~
Test200
= Target100
) Input Delay State| netwarkl00 @ lelay States:
network100 errors v
Select one or more variables. Then [Export] the variables
to the MATLAB workspace or [Save] them to a disk file
Select All Select Mone 8 Export = save @ Close
E©
LA Import... % New... 0 Open... 2 Export... 38 Delete @ Help @ Close
o ke
Bl 24 %= HEE
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%’ —_— kﬁ ’:F‘)l':éﬁ“%é %

AL ESIAE R P T LR RS P S T ST

pot

[—

Epoch (i & =t#c) & 3|+ 21000 = » #-i&1k 215

2. Time (& = " RPFREF ) K 2 Inf(Infinity)#£ L= > 37 € FIpF
FY 3 1k 20 4 o

3. Performance :£ | goal (it P &) 0 PF » #-i2 3k 215 -

4. Gradient $ & £ T &) i $ & 1.00e-07 pF > 312 0k 2150 -

5. Mu#+® 275884 @ 1.00e+10 FF » i b 20 5% o

6. Validation Checks ®_%* %k f# ik il B D1 & N

Yok B 6 N AREL F LG RR] 0 h BT g 2

Bk FaFHs P €7 (FEE

i

_‘

100 4 " R AL e B (4 B 25 9557 ) B & 1.67e-08 | ¥ 3k 2P

I

1.00e-07 » % 7 fc ¢ °

Progress

Epoch: 0 | 9 iterations | 1000
Time: | 0:00:23 |
Performance: 0.299 | 1.43e-00 | 0.00
Gradient: 0.934 | 1.67e-08 | 1.00e-07
Mu: 0.00100 | 1.00e-12 | 1.00e+10
Validation Checks: o | 0 | 6

Bl 25 2 34k & 100 5 e pe o U %

200 4 315 F AL B B (4] 26 477 ) 0t UATR 6 K BF 6B L 3 o
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Progress

Epoch: 0 || B iterations | 1000
Time: 0:00:17 |
Performance: 0.00714 I:I 0.00
Gradient: 0o0co3zc [NEIEES | 1.00e-07

Mu: 0.00100 | 1.00e-08 | 1.00e+10
Validation Checks: 0 | 5] | B

Bl 26 23R & 200 5 g RS &

300 TR B (Ao B 27 0T ) > B PETR 6 P BB L I

Progress
Epoch: o || 7 iterations | 1000
Time: | 0:00:20 |

perfornance: 000476 ISR | 000

Mu: 0.00100 | 1.00e-00 | 1.00e+10
Validation Checks: 0 | 7] | 6

B 27 " A 300 £ R pL g U %
400 & 2" JUF AL e g (4o B 28 #1791 ) 0 1A 4.06e-08 /| 33k ZP 3
1.00e-07 » % 77 Jz &

Progress

Epoch: 0 | 5 iterations | 1000
Time: | 0:00:1 3 |
Performance: 1.33e-06 I:I .00
Gradient: 4.13e-05 | 4.06e-08 | 1.00e-07
Mu: 0.00100 | 1.00e-08 | 1.00e+10

ValidstionChecks: 0[RRSI | ©
Bl 28 24tk A 100 3 a2 U &

500 & 21 BT AL e (4o ) 29 #oT ) B 1.49e-08 ]+ 2P R

1.00e-07 » Z 77 YT ag °
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Progress

Epoch: o | B iterations | 1000
Time: | 0:00:17 |
Performance: 0.00285 | 1.14-00 || 000
Gradient: 0.000458 | 1.496-08 | 1.00e-07
Mu: 0.00100 | 1.00e-00 | 1.00e+10
Validation Checks: 0 | 0 | 3]

B 29 2R A 500 £ R R %
o RS
B B dod 49T D R RS ARG 9% o BEAR I BRAR A
ﬂﬁg&?%ﬁﬁﬁﬁéﬂ’tipimé’?% M M EEA T e
B ki RN R B AR (e E o

34 W

BRI AR B | AT Y | S

100 & 20 3CF fL g it 98 100 99%
200 &2 O R e s 98 99 98.5%
0 2" T et 99 98 98.5%

0 2" T et 99 96 97.5%
500 £ 3" TR R 99 98 98.5%

L0200 £ A G RRETH
FRATE - BAG LG RNV USEES YRR

R XD S TR S N SRS TR ’pf“;q‘:i#%%% el S TR U

Sk SRR AT R B R R TR A

A

Qef R R BN 0 5 1E Simulate () # i 0 A 23R i
BT EaLpE LT A
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LEFRRRROLETE PR L BFATRAT A0 4re |

RAZKAR S A $Ppi A 2 RISk 2 2 252018 1 7 ¢

_ﬂ

3¢ M- B 550 & e (Gaming Disorder) 7 & # 42 B 0 o 8 AR
4o i (R RFIE2018) R AN ZEE CEY 1 (FE A A
BEAZTI AP BRI EEHP A FREIFID
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