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[ Abstract] The clinical manifestations of patients with schizophrenia and patients with depression not only have a
certain similarity, but also change with the patient's mood, and thus lead to misdiagnosis in clinical diagnosis.
Electroencephalogram (EEG) analysis provides an important reference and objective basis for accurate differentiation and
diagnosis between patients with schizophrenia and patients with depression. In order to solve the problem of misdiagnosis
between patients with schizophrenia and patients with depression, and to improve the accuracy of the classification and
diagnosis of these two diseases, in this study we extracted the resting-state EEG features from 100 patients with depression
and 100 patients with schizophrenia, including information entropy, sample entropy and approximate entropy, statistical
properties feature and relative power spectral density (rPSD) of each EEG rhythm (3, 6, a, B). Then feature vectors were
formed to classify these two types of patients using the support vector machine (SVM) and the naive Bayes (NB) classifier.
Experimental results indicate that: @ The rPSD feature vector P performs the best in classification, achieving an average
accuracy of 84.2% and a highest accuracy of 86.3%; @ The accuracy of SVM is obviously better than that of NB; &) For the
tPSD of each rhythm, the B rhythm performs the best with the highest accuracy of 76%; @ Electrodes with large feature
weight are mainly concentrated in the frontal lobe and parietal lobe. The results of this study indicate that the rPSD feature
vector P in conjunction with SVM can effectively distinguish depression and schizophrenia, and can also play an auxiliary

role in the relevant clinical diagnosis.
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15 1153 245E (schizophrenia, SCZ) AN ARAE
(depression, DP) J& M4 & H 1 3 R Al
o, DI HERR B2 WA B TR ROIRYT . AN
HL 4] (electroencephalogram, EEG) ic 5% it 2 ik if
SRR IESIE S . BTFER, SCZ #1 DP ¥
1) EEG {55 76 15 AL I R A D) 3255 5 i 34 5 1%
NAFFEZESE, LX) EEG 15 5 T IR AMFSE, A B
TG X 53 A2 Wi P A

EEG 55 M M 7 ik B A SR Il Ao sl | At
W3 BT AR LM B T4 30745 . Begi¢AF UM i@
Hfk EEG {5 5%} SCZ. DP & FlIE % AdE47 g
W5E, &3 SCZ i Al DP 34 EEG 15 S AR 1Y
AR AR A TS U AAFE W] B 25 5% . 47T, EEG
55 R A MOk Bz 24
Boashash 4 PLf 18 Z545 43 BT B 408 0 8 T Bt AREALE
A A R AR RN AR5 R AIE , X874 JL EEG
15 7 W00 0 191 12E A7 43 2R, A o M A R Gk
86.61%. 73— J7 T, AELNEBN J1F 500 ik FEAL
FEAG 5 BREAH | U L {5 S A1 Lempel-Ziv &2
A P A B AT 27, A AR FER G R S A Y
FRIEAHSE A o BN, Sabeti Z5EUREREAIE | U U5 A
Lempel-Ziv & 2% 5540 A R-AE 10 15 FH T SCZ 1
HHMIER NB EEG 55028, WM EAH T
91.26%. Li 2] Lempel-Ziv & 2 FEHF5T SCZ. DP
IR AR EEG Budls, KB SCZ 41 /84 Fl DP
H 4 EEG (5519 Lempel-Ziv & 4 AT B i pY 22
5, HARm TIE® AN, WiAE5 2507757 1, Faust
VR RSt 3l 1 2% e A 5 L3R B DP f8 3 FILE
AW EEG {5 5 R 1k 1) i #E 17 2 Fh 4 25 4% LU T
GE, KRR 2 W2 B T HAD T . i@ DA B
R oM R B, B ETHIBESE 2 S AE rh e R FE &
NZ B2 5175, EEEXT SCZ il DP &1
KR RAEH D . #E EEG 155 B FREZE A1
FREAREBOTTH, BORA ZMIrkmsi G, (B2
X T A 047 5 BN R BL Y EEG {55 %)
RPN RS2 A AN [ 52

BEXF LA [, ARS8 AEAU - 25 & AR et 50
J128 53 T 7 A GE 127 4 A i i, R BUAN [F]
HREE [ 1, R AN [RIAY 43 2588 % SCZ &35 F1 DP
BHEM EEG 55 #1700 B 5 . AW ek i e

mE 1 PR, \ KRN TR EEG 55 #1T
TRALFR, JfR H e 4 OS5, SRS EE 5
Y13 % % (power spectral density, PSD) . #RJ5,
PEH PSD MYFEE A i, BRIt ARt 3h 7
SRR LA SO RSB 1) A X6 B 38 3% %% BE (relative
power spectral density, rPSD) , Jf H.F| H 54z f 4
TE e %77 16 AL TR T T Y 4P fE e £ 7 B X PSD
AR TR RE BRI, PRS2 R 1) 5
AFZFrm &AL (support vector machine, SVM) #l
A2 DL (naive Bayes, NB) 432885 H #4743 200t
5o Wi, FIRAHESR . A 2R AN R A TR
PEAL, FOBOAN [ B RHE ] B2 255 A [6) 3 2 1Y 7026
R, K g A RIRRE RN B, AEEAIX 73 SCZ i
HH DP BE M S Hh, AR L L RE
TEEPE T X RHIE JB AT AT 00 VA, THE
AR AEA R, FRB) T A BRI IX, DU N &
H IR IZ W X AR OS2

1 #EFTE

1.1 FHERiFEFAREE

AW FE B R F T U K446 V5 B B 55 —
[J2ER OB DA L, AR AZ P OSSR T &
YEVMSCRN AR 25 B, 75 3 T 50088 0 i A AT
B 2 580 REMN B H TS T BHE HNF
B, ARREA AT A EFRBR 72K (international
classification of diseases, ICD) #1211 SCZ £#
DP & h, M8 1 0 1 DUECRE SCZ [ il DP
BER 100 ], H . SCZ BF B L4 50 4, F1
IEJE N (41.5+4.37) 5 DP & B4 50 4, F
PR R (41.5 £ 4.35) %, Fr A BB AR 1R
32~51 %20, HIRMIEZE S, HFERE S
W% MR 2 R TG (P> 0.05) .

AHWF5E EEG {55 BRI 374 EEG X
(NATION8128W, [igifiim i A BRA A,
), RSN 128 Hz, 55 RAEM IR 16 18
TP A FL R, LR 2 ) VR L PR 10-20 SR
bR, AR A AU 2 s, 59 RESFEEL
B E N T, B TEAIIR, R LR
fi . A ERES . R B EITIR)S, id5¢ EEG f5
So B, B SCHIRMMIRITI 3 min, VRITIRZS
WIGHHIR, 257 10 s AR MBT] . SRI5, IR
TREE 7 s, BEEBIRGREE 75, LI — 0], BHIR
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Fig.2 Electrodes distribution map

SRAEJEH, SR =X A BRI IS
EHURAE . (AL PR R AR E IR 22, PR LA
P, B IR PR E R B ] SE PR AE 5 ~ 10 s Z 1]
1.2 HEFAIE

A 5T ) EHE S BROCHR (1A T TR B, B
WhHE R © B EEN; @ SIBEITEH B
s B UBIALI, Hr i UE I A AABE A 0.5 ~ 45 Hz,
B4k 50 Hz; @ ARPEH . P AR (1A 0 5 s 43
Bty & ML By Tk R bRtk s © R
HLRR S-S L A T LA TS

W DL EAb RS, AR ELE 5~ 10 s Z[H]
BB . BT P IRARAS T A B s (1)
PSD, A HHIRARA T 0%l AT 580 Bt, 17 DP
BT 292 Bt SCZ 51y 288 Bt MIRRAET Y
B Ay 585 B, 405 DP 1Y 295 B, SCZ i E
) 290 B,
1.3 $$EE=E
1.3.1 PSD #4542 {5 8J# (information entropy,
InEn) (A5 S InEne/n) H Shannon 21, B &%
A EPERE BB/ B, R RGN
FEVERINE, H—DRGEEATT, 7B
MR AL, 7Bt . o LA (1) fBr
ZT<[9—10] .

InEn(x) =— Zpilog (pi) (1)
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Hor, p FRFRAEMBER, | FOREEARRCR

AW5EH PSD BN 1~ 55 Hz, HCAT LA
B S5 B U — MR E P51, A
BRIV Y PSD (B AP, H1< i <55, il IH—
)G F R NPy, HO < Py < 1o TIISR PSD Bl () 3
— AR A (R B At (2) Pis

InEn (x) = — Z Pyilog (Pni) (2)

Hrf, Py =P/> P, HY Pyi=1,

AT LI (approximate entropy, ApEn) (LAfF 5
ApEnZRIR ) J&—Fh Tt kit (] 7 51 A8 fL A E Ze bk
AR S, Foon— DR T IR Zet, )
W T B[] 80 R B R A R AT e, B 2R
)77 51 L U AR > 10 S B RS AN

(1) X F 45 B 8] (8] B 09 N 4E 85 18] 77 51 7 (1),
T(2),-, T(N), EXMESHm, r; Hhm¥FrE
Mty A, P AHRUR AL, FH T A J) o [R]AH 2L
FERRER

(2) 5 X d=d[X(i),X(j)] =max|T(a) -~ U(a)l
FonEM w2 B IEE . Ht, T(a).U(a)ER
R M X)) XG) X RO R, 1<
JSN-m+1,

G)XT L FH, E m4EmiEX (1),X(2), -,
X@@), - X(N-m+1), HPX@)=[TG),T@{i+1),
T(i+m—1)

(4) TR EH M & X6, XG)RAEZ. 4
d<rity, PHEME APl n=number (d < r)&m~
AL ) 1] B8 AR ALY F A 1) 1 T o L
Bl Cr(r) =n/(N—m+1),

(5) & LA

71(N*m+1)
p" (r)=(N—m+1) Zl:
(6) $5eJi 28 SCI AR A -
ApEn = g™ (r) —p" "' (r)s

FEAE (sample entropy, SaEn) (S5 SaEnd
) W RAERT )75 52 22 FE AR bR . 5 (U
PO, REACIRAL s 7 T H AR E B i /),

log (C" (7))o
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JIr S ] A B, AN [a] 5 7 T R A T i A I AR 33 v
Y (2) . (4) B, HEARIRAP IR 2 T # jii A
F, B2 (4) PR R &M Ed < ro T2
B0 ~ (4) Sl —rF, BAHIEE, 2%
(5) . (6) KRB ILFRIBIT -

(5) & LA
(N-m+1)
E"(n=(N-m+1)"" > (Cr(r),
BiitsECr (n) i XME .
(6) 7& SUREAHE A «

SaEn=~In (E™ "' (r) JE™ (1))

ENIERE fah RS I A [ET DR 1 3 5 7 B2 X
TS HUAR AR 3 LR FREAS i, S HORE R m =2,
r=0.2-std, H, 55 stdFm 750 b2
(standard deviation) .

GeiterAs wfe S AR A B 1R, ARBFSETT
ST AL PSD B P E m . J7 v A s
g B8 ROl R 2 8 s . EAh, B PSD Ak & (1 ~
3Hz) .0(4~7Hz),a(8~13Hz) B (14 ~30 Hz)
VY B HE, o3 R A B Y rPSD. 8 1Y rPSD T
= (3) Fiw

3 55
Ps (j) :Zpi/zpi 3)
1 1

Hop, PAR/R PSD H, ide/m Al N, jRRH
W, 1<j <16, [RIBEATAGEPy (), Py (j), Py (j) o
1.3.2 %@ SR RFeaks AP EED
R b AR R AL, R 2 A — A ) i, LA
IORA AT — B PSD ¥idls . BRI LN .

(1) BeH . ATIRIRZS T B9 5 — B PSD il &/
—AFEAS, 3 AR A T — A H AR Y
T TR AR AR, A 3 D 16 HERY IR 1]
8 E; =[InEn (1), InEn (2) ,---,InEn (16)] E; = [ApEn (1),
ApEn(2),---,ApEn (16)] , E3 = [SaEn(1),SaEn(2),---,
SaEn (16)] -

(2) B2 (1) iy 34> 16 4ERY ] =il & il —
A 48 AERYITERE [ & E= [Ey, E,, Es]. [RIFE, n]75%) 64
ARGt ERRE M B T = [T), T,, T5, Ta), HhT, =
[m(1),m2),---,m(16)] , Ty=[v(1),v(2),--v(16)] ,
T;=[s(1),s(2),,s(16), Ty = [k(1),k(2), - k(16)]
64 4EMY rPSD FFAE [ & P= [Ps, Py, Py, Py, Hh
Ps= [Ps(1),Ps(2), -+, Ps (16)], Po = [Po(1),Py(2), ",
Py(16)], Po= [Pu(1),Pa(2), -+, Pa(16)], Pp= [Ps(1),
Py (2),-, Py (16)] o

i DL AL BT, R 1] e A 4R o A
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Hahne K, ARMFFEER T XTRRAEASb AE 1L ab 3 2
Ab, BRI T HAR S ARRAE L v 3 T AR T I Y
RRIE B IR A TR BRI

1.3.3 HFAEik#F XTGBT b
B R IE R, Bk A I, R fhEE
JIHR, 5 B A R T SRR A TR AL
SRR arISTEO, 38 E ARAIE %) 2 B B RRRAE 5 E
FRAR st W AH DG 7 TH e T H e L% &

PR R AR S BT P il T R — N R
PG, DAICORTEA IR B2 . AR
oMl TR 7 K258 (chi-square test, CT) FIH A5
B (mutual information test, MT) B35 55 %
N OR AR E B B . CT Rk BEERHIES B
AR 22 (B A ST, MT WEPEMRRIES B bris &
[ AR DG o FRee, BEFEHT KA S L EE i FRE T
AU O SRR S B T v A D0 R P R
Sy, R TR, S SRR 5 R IE Z [A] Y
ST PEFAR G, 2 B RAFFIEZ AR SCHIME B o

BT ARSI B RRAE BB T R A B A
FIFT o LA, 38 2 I 255 2] 45 A FRAE I AUE 2R 5L,
PR AUE R BN KBNS, BEHAUE R 5SS
FIRRAE . ASBFSE A T 28T L1 Y8 EE R AE ST i iy
2P HF 2501 (linear support vector classify, LS)
24 M (logistic regression, LR) PHFHEVEAE A
X HR AT RRIE BE PR . L2 TR AR S R R TR 2R
PRI AR Zrak B [l i AT Y, AT DAl
SRR, HGIA L1 ST DA R R LG
AU

AFRAWA LA ERRIE RS 5, XA H
W RFIEAC A TPEAS , 073 1 1 R EA R K
FEL A ORH N F4 A X
1.3.4 £%%E AHFIMEA T NB A SVM HfH4)
F8% . NB BREA SR DU 5K, BT DL i
WA B AR TR ISR, B4
PR FEA VA RS K IR —25 5] . NB 2 45 17
By T, B HAR B FEA R Z [ A0 Bk T
SRR Az AR

SVM %) 32 2 FEARUJE R0 R AF 380 o0 A% R 5 B S5 )
— N YEAS ], FEXAS = 4ESs ) rh AR — A Rk
TR T, A5 3208 - AT LUK S AR 4
T, i ELA 3268 - 11 B R 0 B 3 AR AR 22 () 9 R
SRk, W EHEA RAFryz ke ). HiiE
- T B i I RE AR B Ol e, bR 4y
HR P R, 32 AR (A% pRER

AR R 80% FFIIZR, 20% F Tl
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o EUGRid b, A0 K37 58 g5k vk
(K = 10) Jo 8 & ke R 73 I ZRgiodls il 2R A
UESE, YIZREE HIRIINZRBIRY, 30k 8 HI R PP A A 1Y
PERE, XAFRETE IR BT U B B4, S m il
AEEETEFIZALRE ) o ABFSE LA T A A48
ESAE SR R

1.3.5 5 R&RFE AP NESR (precision)
(LUIFF 5P, RR) . B2 F (recall) (IFF5R.&
78D ERE (accuracy) (M5 AR RPN
I PEREI 213, DL DP A I B & R ], AR
AR HEFRIE LA (4) ~ (6) Fizs:

b _ TP @
" TP+FEP
TP
R, = 5
® TP+FN )
TP + TN
A= (6)

TP+ FN+ FP+ TN

Hrp, EBHPE (true positive, TP) (fF512°M
TP) R/RAKIE DP A& # Ay DP 3 A4
B B PFHYE (false positive, FP) (f55ic~: FP) 3%
IRAOKIE SCZ B BNy DP B E I E; 1
BATE (true negative, TN) (£F51C2K : TN) RKRA
K& SCZ AL Ny SCZ [BA AN BRI
(false negative, FN) (£f5iC}: FN) FR/RAK DP
BB SCZ BH I T T ERIA, L
R mP, Fn PIRBOR I F BB R, LIATS mR,
FR PR 1T A 4R

2 &R

ABFEAE LI WU R i L ATIRARZE T /Y
EEG 15 545 H 4 s 5 R & 2 g5 s 42 i 47
Trds, SEEEE SRR, BEIRARAS TR B d i vER R
S 76%, MMCRASE GO T 1Y & & fET R
77%, #EA IR 090 880 R 4, HL g ARIR
AR B I A S R T P HRDR 25 s 4 1Y 43
BB . P DRI e T P IR ARZS T 19 25080 2k
TR 25T

AW 3 3 FH T HRARZS PSD 1 = FhARRAIE [1]
i E= [E,E,, E]. T= [T\, T,, T5, T4]. P= [Ps,Py,P,,
Py |1 SVM I NB 73 24 i A, A1 AR R
E A28 B T RN T A S I A R 2 0T TR AT R
TEZEREFIRELE . LI g Rk 1 R, o i
B JE P+ LS + SVM AL A1, BILL P VR A HHE
e, LA LS Bk TRRIEBESE, LA SVM 1E K432k
i, LG EE P b ) 1 1 A o SRR ST 38 A 4 R i
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B, ARk E] 85%., MR 1 AR R EABLIT
it

(1) SVM 3 KRR T NB.

(2) =FHFAE A5 b, rPSD 2H A A9 45 4F 7] &
PRI R AT

(3) FEF AR I A R AE BB 457 v Ah B AR 1]
AT RCR LA SRR B R T IR B B A

J T BAER 1R AR R AT RE, A
WF5H P+ LS + SVM IZH B RIRIZE & K g L
TEYETEAT 10 YREEE, 0 SRk f s AF- 24
K, A, T3 KAE rPSD (RSN, BiLL P+
LS + SVM M4l A BRI 45 & 8 L SIEAT 10 RS
B, OSSN ZE R, LI EE RN 2 R, Hi
I L2l A AR R4 B KT 58 SURGUF VA A5 B 10 WA 2R
N 84.6% . Bkl 81.2% . 1K 83.1%; 454 HE
YRS B HERR R B = N 86.3% . eIl 82.0% . F-
¥ 84.2%,

e 3 IR, T ISR rPSD 435
VENRHE [ AT 2 g5 5. Hop B 15 vPSD

R1 FERR

Tab.1 Classification performance

WA PERE NB SVM

FHIE R CT MT LS LR CIT MT LS LR

E  mP, 68% 70% 66% 67% 64% 70% 77% 76%
mR. 66% 70% 66% 67%  64% 70% 74% 76%

T mP, 55% 35% 75% 62% 65% 61% 72% 73%
mR, 49% 44% 49% 50% 64% 62% 72% 73%

P mP, 69% 73% 74% 73% 69% 77% 85% 81%
mR, 66% 72% 73% 73% 68% 77% 85% 80%

R2 P+1S+SVMAGSEBLES KT XWIEE B HIER
HREER
Tab.2 Classification results of model P + LS + SVM with K fold
and holdout method

PRI PEAt T 7% SLIGREL A dwi  ASRIKME  ASFE
Bk 10 86.3% 82.0% 84.2%
KIrae XEHED: 10 84.6% 81.2% 83.1%

&3 EEGESENTIE 1PSD I EHR
Tab.3 Classification results of EEG signals rPSD of each rhythm

HIA PR NB SVM

FHE ERE CT MT LS LR CT MT LS LR

P;s mP,  52% 52% 52% 52% @ 61% 55% 55% 57%
mR, 52% 52% 52% 52% @ 62% 56% 56% 57%
Py mP,  66% 66% 66% 67% 68% 67% 67% 69%
mR, 66% 66% 66% 67% 68% 68% 68% 69%
P, mP,  68% 68% 66% 67% 66% 65% 61% 64%
mR. 68% 68% 66% 67% 66% 64% 61% 64%
Py mP,  76% 76% 75% 73% @ 76% 72% 74% 74%
mR. 76% 76% 75% 73% 76% 72% 74% 74%
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LR A RFAIE 1) H Py F) 1 249 5 0 R 1 24 A 4 3R
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—+— SCZ

—o— DP

Fpl Fp2 F3 F4 C3 C4 P3 P4 O1 O2 F7 F8 T3 T4 T5 Té6
HLUA

0

—+— SCZ
—e— DP

W—m
G*Q\e—w

Fpl Fp2 F3 F4 C3 C4 P3 P4 Ol O2 F7 F8 T3 T4 T5 Té6
L

a

—+— SCZ

—o— DP

Fpl Fp2 F3 F4 C3 C4 P3 P4 Ol O2 F7 F8 T3 T4 T5 T6
HLp

B

—+— SCZ
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R
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Fig.3 Comparison of the distribution of rPSD mean of each rhythm in each electrode of two diseases
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T4 T5 T6

B4 BOBIBHFIENER

Fig.4 Characteristic weight value of each electrode

JE o BFLL, ARWFIEAERRAE ) PRY LR B, 2 A
FH CT Al MT BIE A& EARTT 43, 4 CT HIEXT
BAHM T B0 — AL BRS LAFF S Sciden , ¥
MT FEXEA R T T 0 808 — kb 35 LLAF 5
Smigsn, HridRoR B, PRI Sci. Smidy
FRAE A — LA BE, A5 30464 HUAR A AR SRR AIF
VRS MEACE 5 U] LS A LR B0k 285 4R IR i Ak
B, 530 45 A HB R A T I 0 R AT 3 R R AR A
o R, AR RHEA T 25 SR AR 4 Fis .

3 WitEaH

WS EEA A EEG 55 H AR FFE
&, 454 SVM Fl NB 432548, X} SCZ 3% #1 DP
BEVATHZERA . EE 1R, AR 2R
FHOCHRIE RIS B0 L 30T AR IR A 8 2E 18 Fr) R A )
TS JSUER R B oA 76%, 1T SCRIR[5] LA U |
5 B0 . S A Lempel-Ziv 52 24 B 55 2H AUARAE 1]
254 Adaboost A EEXT SCZ B F MIIE® A7
%, BRER N 90%, MBI R 22 I Y i A T RE
J& SCZ B # 1 DP B H 1 EEG [R5 B R E M xR
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