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Classification of EEG Signals in Methamphetamine Addicts
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Abstract Methamphetamine is a new drug that can cause brain disfunction and even death. Most of the
current studies only conducted enterprise resource planing (ERP) analysis on the electroencephalogram (EEG)
signals of methamphetamine addicts, and rarely classified the EEG signals of methamphetamine addicts. This study
conducted an ERP analysis on the EEG signals of two types of subjects, and then extracted to the time domain,
frequency domain and wavelet coefficients of the EEG signals within this range for each experiment. The
classification accuracy can reach higher than 80%. In addition, 4 of the 5 electrodes with a classification accuracy
of more than 75% were located in the frontal lobe, indicating that methamphetamine had the most severe impact on
the frontal lobe compared to other brain regions. Therefore, the methamphetamine may mainly damage the brain's
thinking and cognitive execution functions. The C3 electrode is projected mainly in the primary motor cortex
region, methamphetamine may have an impact on the function of exercise execution of the methamphetamine
addicts. The result provides some theory to further study on the effects of methamphetamine.

Key words EEG; feature extraction; methamphetamine; P300; wavelet transform

BEh— BIRREME NE R 251, EASH P RGUIFEH A R 0, @ REEE K

g, Wbk NAEAWSE. Hur, MMIELE
W B FEAFR BUE R R A — N AR B EE, RA Y
W 75 35 15 B e 7K Ja A 2 g2 . vKEE & —Fb
WS, FEDEN RN, X7 R
PRI bk S B R F . UK EE I B o
F KN % (Methamphetamine), K] 41 & 4% = FR) UK 3
SUKBERCNAERL, Bt AR ONIKEE . BT RAH
UKEFE A BN D Bk Z A 007 &Y, 150K
BB AEUE SAN T o VKRN ARG 2RO

ek H3E: 2020 - 01 — 13; f&EIEHH#H: 2020 — 06 — 28

A G AR AT, AT LA — 2 T R OKEE B AL
il H AT T Wi g 1 A i (EEG). Thfg
PERZ G LR (IMRI). ) B P 1 40 48 Ok i (INIRS)
A K% . BT EEG BB PR m . #HAE
R BPAE PR OB BT LA A 24 i
X ORI Dy e = AL g i S A, ROk R 2 A 5
HHEINAE T Z AT A .

W B UK EEAE N = A MO B[R, B W RE 51
FH 28 A JRAS P FORS i 3 RERE S SEREAR o £E XS UK

HEWH: homiE AR % 2 (C2219004, CZY20039); FEZ HARI YIS (GZY17012)
EE T mAE, B, FENFER RN R TG T, E-mail: Junfengmst@163.com



956 R N

49

BERE AT RENAITI, AN 2 DU S A
PG, XEMAE VKR B I N 2 18] (R H P
S T RAFERCRZE R . P300 5k BE1EVE &
2R BHL. RE S MR R BOE S
KO BAEWIITIESE, UK B # P300 IR 5 2
RANEPATAES I G AR HAr, 25
C 2 UE W UK R B FH 5 I H N ERP {5 5 17 £ 2
Fto FET UL, ASORE R AR BB Bt 24T ERP 40
B, RILPIEA P300 B4 72 e K, IFik#%
2 S BRI T BEA (9 BEG {8 ST 9. 52
A ERP 73 41 (08 78 05 AN, A 78 1 i
EEG 15 5 I I USRI S /N R BOn Tk 7 8 5
A RN AR RS 5 BEAT 7 SRR T, 7R RE I A S
SENUR IR B OB L RO IR I, $5kh T H AT
XK BRI TR 22 1

1 SEW7EE

1.1 #WiXAREE

RS 5840 N, HApaHE 18 44 [H
FMAEE RO Lk EEE, UULHEERR
22 AR Lot . A UKEE ORI 75 & DSM-V
UKEFMRARTEDS, IR 24.83 &, 2518 H
W IAIFE 6~72 AN H (0], il [ fE 2~21 M H 2
] o XTOKEE RO B R TR AR ik BVKF KM bR
e, (RN HARAIERE . BT RIRSEMIR A BA
MR A R 50 s S0 I A A A I R
P25 . i R4S plRE 4 i il i T Baratt
MR R 11 ARY AB G TR R R AR
M. PR E TR 5E S AHULED, 584
F, MAOIER, THEBRANRHEET (GtEH
2R .
1.2 KEERF

A% S8 SR SCHR [11] 8 B9 W%k oddball
1£55, 3£ 3 4 session, FEA™ session FH 100 ik
W, 538 70 MERUER IR . 15 AN U fn 22 1 K f0
15 AN XF 8 i 22 R o s 7 ) S8 ) PR A o Bk
s B ZE RO KA DG, O
W22 B o B 2 il AR T B 12 1
AT PR e S BRI RE T, 2 2 A B
AN BT B B T AR A S IS
PO o ARV ORI R A A
NS1. S2. S3.

PR A N 5 A 2 AL TE 5 FLG 57 44 80 cm
PR b5 1) N o SEI0 AR HT SLA0 5 2 Lkl X 5

AT K AT AR . SSRGS, THENLE R R
LA “+7 , ¥ 300 ms, 2S5 2 SN
f% (ISI: 500~ 1500 ms), #RJ54H H b, =
SR AT R O EEER 4% F B, A 5
4% T8 . B A O 2 78 1k 3 4 B BB R
1000 ms 45 . BB R G 2H — K S
1000 ms M A R4, A~ —fiA5%, HEF

S ESEIG AR, SRR IR SR B L 1
...... R R L I T R T
(300 ms)| |1 500 ms)| [(1000ms)| (1000 ms)

SRR SER 1 Fiwa 3

2 BIERERAE

2.1 BUBRERTLIE

A2 58 figi HLAS 5K FH 4% [ 1) Brain Recorder2.0
RGWATREIWT, ZRAE S EIR 10-20 KRG
BRI 64 AN HIML, ik F B 04 A A EEGlab TR
AT b e DIRNFLRAE NS E B, AFz BbR
Ferh, mERBERETAR N4 2em ik, R
HIE AN AR BE TR T 5 kQUM™ . 0 £ 247 30 Hz
BN, REEAIFEN 250 Hz, FohEBRyE. 5
GIEERBAAEYIE S . RIMSLEG 734 (independent
component analysis, ICA) % FRAR 0. 4 AT
200 ms 2 JU ¥ 5 1000 ms 7E 4 — > epoch #1743
Bt R, KR+ S A epoch #EAT — kB INF
BILLERR BRI A A A B E, o Ang B
5y IR EE 148 FI 184 LHEHE .

X REA B R 19 EEG {5 5 47 400, R
P AR 1 o B B T W R T,
I BRI EEG 15 5 5 4 e i i 1)~ 2445
SR, RIS RE S HIBRIEEE K, AL
FERG AR AT [ N A 2 [l i B L2 bt . IZFEA
AR B T BRAS SR RO ) AR T, sk
B rp 2 B AR SR RE MR L b B S A R
P, AR R R ZBRTE R I RS . A ORIESELS
FOAERR I, K b SR S 0 R B B 24T 2 B
SOREA 15 FrpR s, ERE IR 15 Arpaal bl
HHAHULHC . S 20t 30 Az ikt 240 4H 84 147
32K a5 B 4% 120 %), b, &4
FEASHRE 50 62x300(HAE B iidi) A6 R dhs -

2 SR T AL B AN [E] B A ISR CPz
% I¥1°F 35 ERP 9% % & P300 HijZ &l . M 2b 7T LA
Eih, ERRARECT, BOUE R K X S b AR



6 ]

AR, SF: KRR N A S I KT

957

JE R, L RRa 2H P i A i o vy (g R4, o
RIERI R 2 o 2, PSR E R
BN, XF CPz HIML K ERP W IEHATHT, W& 2a

Control group:addiction

Fras, RIAE S2 IR BoRE 4l i P300 HRiE B & &
Tl FEdl, Rk, S2 HC TS S MR EE s
FIF4r2.

Addiction Healthy
group group

_ 10
Standard ,. .IH g .

- 5

12 ¢
10 F = Control group:neutral
// Y Addiction group:standard
8 i 3 Addiction group:addiction
% 6 - )' K = \\ Addiction group:neutral
et M il N
== 4 |}I ') LR = -
; \ \ ; T
ot I e S
e O o [ i 1 1 1
o ==y | V)
-200 -2 | ’J ZOd-__-j.-' 400 600 800 1000
i []/mS

a. CPZHURAE A [FIRIT AL32X (FER P ]

Addiction @
— I -5

Neutral '
b. AN FEIIECT P62 32303 1~F 24 P3 00k % % LL ]

B2 Rl 5 i e AL A RIS R P P s 12 ERP I IR P300 3t ]

2.2 FFERER

SRR A B AT AR R IS, X 62 AN FL R 1) A
HUE 5 0 BIEATRRAE SR . ACSEEG R A P4 52
T IR PR 5% A A RE 77, T P300 ik £k
TR R AN S AR B BOE A O R . AR Sk >
YT ¥ 5 epoch 400~ 600 ms & [ 4 (1) EEG 155,
A E e ERREE B/MEE. BRI, #
RS KNIEE2 . IEmA, EAEEZE. fk
B SEIARR RN R, Hp, KB
FESRRREE N RE NG, H e B ) /N o R

oo

=)

k=—c0

adt-b+ > > dyp@i-k) (1)

k=—co j=0
Arf, RN R R RIS
B, B UGE T NBE RO s (o BRI
GOSN, BN R R A BN R/
BTG VRS /N AL B B, /N e T Bl
FH 33K A R B R 2 SLIR S B ATTTT LASR LA R
R

(1) = 2 $(2I1 k) )

Wik(t) = 21 g(2I1— k) 3)

A, jkez, ZNEHEES. L Q) P RE M
djl i WARHEAT U5

c(k) = | g x(0dr 4

d(jk) = | fawxndr 5)

H1F P300 R 7> RO 5 FEIFE delta S B,
SRR I 5 B /N o fife e AR IE JE B 0~3.9 Hz %

B, JRREZ e B R LR 23 AN R EE
PR, I RR AR FE B DY 120x31(FE A HO< kR AiE
#)o AEHEAT 3 FE T S K & AN AR R AR E
F_score!"™ THE HEFNMFIER F_score fH. THHE AT
LU
PLas AL 1) B (i xig o Xins o) FRER D
FFER F_score fHTHE AN
F(i) =

_ _ 2 (= _2
@) + @ -x)

(6)

b, mBRIEEEAR; n RRAERFEAR; NER
PR B 30 O MFRIER, K
LR A REAR P8048 s SO R 4 il A TF 6 B2 A
AT IANRHAE 7] & 1 BB MR . TH R BT E R
fIEW) F_score fH . # BT A R 4% L F_score {E i
TR HET MR P REAE S IS I RRAE 64T 4>
5K, EBIFARHER I 58 Y R 4 R RFIE R,
NER S KGR R 31 R R
23 o

K A% BB #0N radial basis function )42 1)
F 32 Fr 1A &= AL (support vector machine, SVM) {E
SRR WG AR B RRAE 88 HEAT A SUIGHIE (cross-
validation®), 2#EIE A 12 4, ERTIHE S
R 1 4 B s A, FE A 11 S EcE A T
5, B 12 ot SEAS 2 AE R 2R I 25 R SR 118
B 5 5y RUER 2 . 1% J7E] LUK T A B UIIMEL
BT IR, 15200 25 R e, %W
W BEG 15 5 A BEAE & 3 A o




958 R N

49

JFIHEEGE 5
SVM/r3
EEG{# 5 AL #
GESIES
RFAE SR S ik
I

(S EReg 2

3 SEWGERSSR

XFEA AR IR ST ARG, U
FUER R ILF] 75% LL LRI HEM, 55 C3. FCl1.
F1. FC3. FC4 3t 5 MMk, oAl &E I 12475
XEGAE BT AR MR 2y 25, R hlR =,
mE 4 froR. B4 TLLVE S, 5B,
FC3 MR 1 73 SR UE R 2 M B ey FLAR ZE fe /N e 5 HAL
Wy KM . YIHERI 2 R R R U ) 45
Bk 1 s, " LAE 1 FC3HAR T BUBE 55F
S FEARST R b, B A R AR R R AT
EHL FC3 MM AT 2 #ir, P35 0 R e 2R A0 RF
TEAERON 14 1 IE R 81.25%, WA 5 P, iZHLHK
P2 BRI 5y, B 2 A% o 7E R
FRE N BB S BOETEE, H5@RAEHEA
HALAFAE I B2 R

1.0
08 |
506 F
g
& 04 |
02 b
0
c3 FCl1 Fl FC3 FC4

LR
K4 AR T2 RUERR, MR ERRZBR T
eI, EIRRERARIR 12 458 IR AR 2 15 22

®1 BERMOLERNRITSHE o

R R N RS FENGAMERIR  BURE R

C3 76.67 85.75 70.00 83.33
FC1 75.00 85.25 75.00 75.00
F1 75.42 92.58 79.17 71.67
FC3 81.25 89.07 79.17 83.33
FC4 76.27 88.96 84.17 69.17

P 5 aTLAVEH, HERREREE S HE A4
FRAE I F G, AN 68.75%. [l 35 45 1iF R AS W An

N, HAEMRMZRWE S . 50 R IEAE I N E 4
i, RSN E TR, RSN 6 5
100, HEEERSE TS . TN
14 B, I RER 20k 2 i KAE 81.25%. F1E )5 il
FRFAE T IIN BLOR 20 HERf 22 18 il — 8 [ 2, ]
W RAE/NERE sl HEIERE N,

065 |||||||||||||||
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 3031

L2
Bl'5s FC3 MR AN FIRHE4EEL T 17 SR dEm

MSZEG S5 AT LUE H, HEEE T 75% 1
5B H, FCI. Fl. FC3. FC4 3L 4 ety
ALTAn Xk, C3 AL THRIX, rRe RERHM
PAHERAEIX 5 A Ak 1) BEG & S £ R, W
G, %G AR UK BT K 8755 0 (1) 5 T = 2
SEPTERUT Xk, I HE AT REXT K6 (138 3P AT h
C R =ALTR

4 L FRE

H1 T DK BE D4 RS IR 1) B HL A A% 2 75 i B, FT LA
25 SCHR D, BT AR K5 I UGS B A
e AHTICUERD], 8BTS UK 5 FAE 7™ F R
FERIE R, BIOK G 08 5 0 RE 9 A0 9 47 2 BB
AU A, KM UK IR T Be B 5
W MRE T FERTR R AE 32 437

AR SCR B R XL ¥ oddball AF: 55 % P 4152
WEBATSR, B O VKRR B A RN (A LA
ST DR KR B AME I 1S 5 1
Giit K ERP 73 # BB 7 N A SCHR I T — e 11 3
B, AR T AR AATYE . Ak, ARIRSERER
& 7 AR R PTRRIE T IR B S, TR
X% PSR RBREAT 70 I 5 R T 1) 0 SRR
BEAT EEXS 73 #7803 ERP 73 H7 o AR O i B HS R
AL IR 3 JE BT T 028, JRRIRFALE
AT HABAREE, (A SEROR KR & I HER R0
KRBT 22 18]

A SIS e PR 23 R ME R AL 80% DAL, Ui
T IR T UK ORAS I B A AT AT, RN IR K
BLRCE AR P300 IR i £ R A BT 22802 v - f




6 ]

TR, S DKEE RS RS S 2 SRR T 959

R . I 2 W] LA BUAE X e 1 BEAT i i
OBV (R A P A TR AL R 0 A P
BRTEREA, HAuRAEMGIEES, Birtdg
B T AN REE Rt T R AL P e Ao P A
R 55 o T2 KA AR R LB b FE36S B AR (1
RPIFIE DI, i T S 3L ) 78 9334 5 A B AR
R, IR I AL 52 AR A T8 00 B 22 5 K AT
RE 5 VKR 1B 7 o0 i 4 32 1 R R 5.
M55, DS BB R PRAT 5 ) A R 2 D RE A
SR, DR I ALk 4 0 FELARS 5 T S A £ Sk
P E AEPAT AR S5 IR RS RS Bl . AR 7T
SR RACR RUFH 5 A B J LT A ff A T4
DX, X ] T DK R A S R i K A5 & 2
AT 5], 3 U 2H 32 i RSB A
MBI 2, I 51 UK R RN 53 5 15 ALK
EHBER. C3 MR TP RX, R TR
MBS IX L, ] A A2 AT 55 1 ie 2h 1%
VAR

A% SCAE fivi H B 0 Bl b X DK B R 3R AT TR
Fo PR T AT DA KR BRI, KA R
TxF T UK I BVE AR )T ROR AL R . (HA A
Xt BEG 15 5 B A AEBEAT T 52 B, oAt il i AR
RAFAE, Qv W 28 4 F i bR A5 T 06 UK R A A
W, ESHEDRAI.

2 £ X MW
[1] TURNIP A, KUSUMANDARI D E, HIDAYAT T. Brain
mapping of drug addiction in witdrawal condition based
P300 Signals[J]. Journal of Physics Conference Series,
2018, 1007(1): 012060.
[2] Mk AR, A A, X BRE. KEALEEN]. PEEME
&,2003, 5(4): 568-571.
CHEN Li-cheng, REN Xi-quan, LIU Xiao-wen.
Methamphetamine and its hazards[J]. Journal of Chinese
Physician, 2003, 5(4): 568-571.
LARISSA J M, CHRISTOPHER C, EDYTHE D L, et al.
Exercise for methamphetamine dependence: Rationale,

—
w
—

design, and methodology[J]. Contemporary Clinical Trials,
2014, 37(1): 139-147.

[4] DAVYDOV D M, POLUNINA A G. Heroin abusers'
performance on the tower of London test relates to the
baseline EEG alpha2 mean frequency shifts[J]. Progress in
Neuropsychopharmacology & Biological Psychiatry,
2004,28(7): 1143-1152.

[5] AKIRA I, ICHIRO S, TSUGUO K, et al. P300 compo-
nent of event-related potentials in methamphetamine-
psychosis and schizophrenia[J]. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 1994,
18(3): 465-475.

[6] TURNIP A, HUTAGALUNG S S, PARDEDE J, et al.
P300 detection using a multilayer neural network classifier
based on adaptive feature extraction[J]. International
Journal of Brain & Cognitive Sciences, 2013, 2(5): 63-75.

[71 AKATA T, KUBOTA F, SEKIGUCHI S. Neurophy-
siological abnormalities of the central nervous system
in patients with methamphetamine psychosis[J]. The
Kitakanto Medical Journal, 2009, 48(2): 127-136.

[8] FIST M, WILLIAMS J, KARG R, et al. Structured clinical
interview for DSM-5 —Research version (SCID-5 for
DSM-5, research version, SCID-5-RV)[M]. Arlingion:
American Psychiatric Association, 2015.

[9]1 PATTON J H, STANFORD M S, BARRATT E S. Factor
structure of the barratt impulsiveness scale[J]. Journal of
Clinical Psychology, 1995, 51(6): 768-774.

[10] ZUCKERMAN M, EYSENCK S B, EYSENCK H 1.
Sensation seeking in England and America: Cross-cultural,
age, and sex comparisons[J]. Journal of Consulting and
Clinical Psychology, 1978, 46(1): 139-149.

[11] YUAN lJia-jin, LUO Yue-jia, YAN lJin, et al. Neural
correlates of the females' susceptibility to negative
emotions: An insight into gender-related prevalence of
affective disturbances[J]. Human Brain Mapping, 2009,
30(11): 3676-3686.

[12] FRASCHINI M, DEMURU M, CROBE A, et al. The
effect of epoch length on estimated EEG functional
connectivity and brain network organization[J]. Journal of
Neural Engineering, 2016, 13(3): 036015.

[13] R, T8, 554 5 H R A08UEF ke mata R 3
M R[], B-F 34K, 2018, 46(6): 1289-1293.

CHEN Ran, WANG Peng, GAO Jun-feng, et al. Lie
detection study based on phase locking value[J]. Acta
Electronica Sinica, 2018, 46(6): 1289-1293.

[14] QUIROGA R Q, SAKOWITZ O W, BASAR E, et al.
Wavelet transform in the analysis of the frequency
composition of evoked potentials[J]. Brain Research
Protocols, 2001, 8(1): 16-24.

[15] GANDHI T, PANIGRAHI B K, BHATIA M, et al. Expert
model for detection of epileptic activity in EEG
signature[J]. Expert Systems with Applications, 2010,
37(4): 3513-3520.

[16] &F*%, i, A& #). AT P300 Fe Al 5 3] 6945
EAFALT). B3 38 K F AR, 2010(10): 125-129.
GAO Jun-feng, WANG Pei, ZHENG Chong-xun. Lie
detection method based on P300 and machine learning
[J]. Journal of Xi'an Jiaotong University, 2010(10): 125-
129.

[17] 81 &35, R, &5, & L TAMa € R 454009 i o) e
W BN GEARFL[T]. BT AR, 2018, 46(7): 1742-1747.
SI Hui-fang, XIE Tian, GAO Jun-feng, et al. Research on
brain functional network and lie detection based on phase
lag index[J]. Acta Electronica Sinica, 2018, 46(7): 1742-
1747.

[18] GAO Jun-feng, WANG Zhao, YANG Yong, et al. A novel
approach for lie detection based on F-score and extreme
learning machine[J]. PLoS One, 2013, 8(6): e64704.

[19] Ak, X3k, Kt KT &0 R SR LFQENNET


https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.1016/j.cct.2013.11.010
https://doi.org/10.1016/0278-5846(94)90004-3
https://doi.org/10.1016/0278-5846(94)90004-3
https://doi.org/10.1002/1097-4679(199511)51:6&lt;768::AID-JCLP2270510607&gt;3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6&lt;768::AID-JCLP2270510607&gt;3.0.CO;2-1
https://doi.org/10.1037/0022-006X.46.1.139
https://doi.org/10.1037/0022-006X.46.1.139
https://doi.org/10.1002/hbm.20796
https://doi.org/10.1088/1741-2560/13/3/036015
https://doi.org/10.1088/1741-2560/13/3/036015
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.1016/j.eswa.2009.10.036
https://doi.org/10.3969/j.issn.0372-2112.2018.07.029
https://doi.org/10.3969/j.issn.0372-2112.2018.07.029
https://doi.org/10.1371/journal.pone.0064704
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.3760/cma.j.issn.1008-1372.2003.04.077
https://doi.org/10.1016/j.cct.2013.11.010
https://doi.org/10.1016/0278-5846(94)90004-3
https://doi.org/10.1016/0278-5846(94)90004-3
https://doi.org/10.1002/1097-4679(199511)51:6&lt;768::AID-JCLP2270510607&gt;3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6&lt;768::AID-JCLP2270510607&gt;3.0.CO;2-1
https://doi.org/10.1037/0022-006X.46.1.139
https://doi.org/10.1037/0022-006X.46.1.139
https://doi.org/10.1002/hbm.20796
https://doi.org/10.1088/1741-2560/13/3/036015
https://doi.org/10.1088/1741-2560/13/3/036015
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.3969/j.issn.0372-2112.2018.06.002
https://doi.org/10.1016/j.eswa.2009.10.036
https://doi.org/10.3969/j.issn.0372-2112.2018.07.029
https://doi.org/10.3969/j.issn.0372-2112.2018.07.029
https://doi.org/10.1371/journal.pone.0064704

960

R N

49

(20]

(21]

[22]

WH R[] A3 & LA K F FIR, 2009, 10(4): 466-470.
ZHOU Xin, WU Ying, ZHANG Chi. Signal modulation
classification based on support vector machines and high-
order cumulants[J]. Journal of Information Engineering
University, 2009, 10(4): 466-470.

KOHAVI R. A study of cross validation and boot strap for
accuracy estimationand model selection[C]/In Procee-
dings of the 14th International Joint Conference on
Artificial Intelligence. [S.1.]: ACM, 1995, 2(12): 1137-
1143.

GLASNER-EDWARDS S, MOONEY L J, MARINELLI-
CASEY P, et al. Identifying methamphetamine users at
risk for major depressive disorder: Findings from the
methamphetamine treatment project at three-year follow-
up[J]. American Journal on Addictions, 2008, 17(2): 99-
102.

B BAR, AE LB, AR A b ey At R B AR E (D).
T EE SR, 2006(6): 38-41.

QIN Zong-gen, REN Ke-qin. Research on classification of
new type drugs and their harm to human[J]. Journal of
Liaoning Police College, 2006(6): 38-41.

(23]

[24]

(23]

Hum, BE, REH, 58T LE LR M %R AR
R[] T 54K, 2019, 47(7): 1551-1556.

PENG Si-yu, ZHOU Dao, ZHANG Jia-qi, et al. Research
on mutual information-based brain network and lie
detection[J]. Acta Electronica Sinica, 2019, 47(7): 1551-
1556.

ANNE C, ETIENNE K, O'DOHERTY J P. Reasoning,
learning, and creativity: Frontal lobe function and human
decision making[J]. PLoS Biology, 2012, 10(3):
€1001293.

BmEE EEE AN F ATEREFATHERN 2
BB LEAT FASE S HTT]. T B D EF TAEFIR,
2018, 37(1): 8-16.

GAO Yun-yuan, REN Lei-lei, ZHOU Xu,
Multichannel EEG-EMG coupling analysis
variable scale symbolic transfer entropy approach[J].

et al
using a

Chinese Journal of Biomedical Engineering, 2018, 37(1):
8-16.

% iE XI¢MH


https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.1080/10550490701861110
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.1371/journal.pbio.1001293
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.1080/10550490701861110
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.1371/journal.pbio.1001293
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.1080/10550490701861110
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.3969/j.issn.1671-0673.2009.04.001
https://doi.org/10.1080/10550490701861110
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.1371/journal.pbio.1001293
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.3969/j.issn.0372-2112.2019.07.021
https://doi.org/10.1371/journal.pbio.1001293
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002
https://doi.org/10.3969/j.issn.0258-8021.2018.01.002

