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TRE . AT LA (e e o b 52 R TR A B R AR A 43 BT 45
1. EEGLAB B T # g &

BT EATT AN L% MATLAB 8 F., fEZRafd, 23BN MATLAB H
Ab 38 T ELFf (Signal Processing Toolbox) % 2 4 3& H , 75 N &

W T HA TSRS

Y SEEGLAB By ST I e T

M EEGLAB E M : https://scen. ucsd. edu/eeglab/download. php (WLIE 3-4) T 2% &5

Mt EEGLAB T HA4f, N #0244 eeglab_current. zip,

EEGLAB

What is EEGLAB?
Requirements
Download
Documentation - Wiki
Workshops - Wiki
Tutorial - Wiki
EEGLAB News

32nd Workshop
The 32nd EEGLAB Workshop

T kX EEGLAB #E47

Download EEGLAB

Click here to download the latest EEGLAB version for Matlab (if you are using Matlab 2016a or older, download
EEGLAB v2020.0 instead). As of 2019, all new versions are also compiled for Windows, Mac (see below)

EEGLAB is released twice a year and the version name is based on the year. EEGLAB older versions are available
here (relatively recent) and here (older versions). Revision details are available on the EEGLAB wiki. If you have a
version of Matlab older than 7.6 (2008b), download EEGLAB version 4.5b here.

To install EEGLAB

1. Unzip the EEGLAB zip file in the folder of your choice
2. Start Matlab

3. Change the Matlab path to the EEGLAB folder you have just uncompressed
4. Type "eeglab* and press enter on the Matlab prompt

Download EEGLAB development version

Using the development head requires a special software called Git available for free on the Internet. Using the
development head is useful to benefit from the latest bug fixes and update your version of EEGLAB daily. Detailed
steps to download the EEGLAB development head are available on the EEGLAB wiki

Download a compiled version of EEGLAB
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© D:\matlab2021\toolbox\eeglab2022.1\plugins\ICLabel\matconvnet\matlab\mex
© D:\matlab2021\toolbox\eeglab2022.1\plugins\ICLabel\matconvnet\matlab
© D:\matlab2021\toolbox\eeglab2022.1\plugins\ICLabel
© D:\matlab2021\toolbox\eeglab2022.1\plugins
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: n-\marliivn')!\omll-minilih‘m‘n 1\ﬁ-iniaii\iicrﬁli.- 5 &
s D] (e | a0 (e

(b) WIS
3-5  WEEEE

[4] EEGLAB v2022.1 - O X
File Edit Tools Plot Study Datasets Help k]
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Image Acquisition Toolbox
Image Processing Toolbox
Instrument Control Toolbox
MATLAB Compiler
MATLAB Report Generator Yis¢ _ >
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|4\ EEGLAB v2022.1

Import epoch info
Import event info
Export

Load existing dataset
Save current dataset(s)
Save current dataset as
Clear dataset(s)

Create study

Load existing study
Save current study
Save current study as
Clear study / Clear all
Preferences

History scripts >
Manage EEGLAB extensions
Quit

[File| Edit Tools Plot Study Datasets Help

Using the FILE-IO interface
Using the BIOSIG interface
Troubleshooting data formats...

& 3-7 W T HBSEAT

- ] X

From ASClI/float file or Matlab array
From Biosemi BDF file (BIOSIG toolbox)

From Neuroscan .EEG file

(for more use menu File > Manage EEGLAB extensions)

From EDF/EDF+/GDF files (BIOSIG toolbox)

Import Magstim/EGI .mff file

From Brain Vis. Rec. .vhdr file
From Brain Vis. Anal. Matlab file

SCAFBEER
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4 Load a CNT dataset — m] X

Cancel

Kl 3-9  CPFEEAS Rk #

Cancel | k|

[ 3-10 R4

[4] EEGLAB v2022.1 - a X
File Edit Tools Plot Study Datasets Help k]

B 3-11 S8 A RSN

3. BERYRE

B SR ARG AT DU BB . BB “Plot”>“Channel data(scrol)”, #% & &4
i A Y C S R A 3-12 iR

AT UL A R AL B E S AR A B E B SO, B Edit” — “ Channel
locations”, 4Nl 3-13 fiR,

Al 3-14 iR $E 7R HE L BT “ Read locations™ . 352 A AH R 14 38 38 15 8 SCF

TEFE 3-14 frw Fim rp sl “Ok” 5 . 78 EEGLAB JLif . .15 “Plot”—“Channel locations”
“By name”, 1] DA a] WAL 45 F AR A L AR 3-15 s .
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[ EEGLAB v2022.1 - O X

File Edit Tools Plot Study Datasets Help ~

‘ Channel locations >
' - Channeldata (scrol)

Channel spectra and maps

Channel properties

Channel ERP image

Channel ERPs

ERP map series

Channel time-frequency

Component activations (scroll)
Component spectra and maps
Component maps
Component properties
Component ERP image
Component ERPs

Component time-frequency

(a) BB HFIRAE

[4] Scroll channel activities -- eegplot() -- CNT file = a
Figure Display Settings Help
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(b) & iEEMEEGEHE

K 3-12 #FL#ER EEG £k



B3E NFEIENT

[4 EEGLAB v2022.1 - D X
File Edit Tools Plot Study Datasets Help
Dataset info
Event values
About this dataset

Select data

Select data using events
Select epochs or events
Copy current dataset
Append datasets
Delete dataset(s) from memory

Pl 3-13 s A Ao B SO HF

& Edit channel info -- pop_chanedit() = a X

Fp1 Opt. head center
-109.33 Rotate axis
0.52497 Transform axes
83.9171 Xyz -> polar & sph.
-6.99 Sph. -> polar & xyz
109.33 Polar -> sph. & xyz
89.2046 Set head radius

—

“msertchan || << | < |1 | > | > | Apendchan |

___Plot2D | [ WllNose along +Y | __Plot3-D (xy2)
Read locations Read locs help Look up locs Save (as .ced) Save (other types)
O

__ Help | Ok |
& 3-14  BLRfE B HME

[4 EEGLAB v2022.1 - (m] X [@Figure2 - o x

File Edit Tools Plot Study Datasets Help ~ XHHF) RIBE) EH(V) BAN) TRAM RED) BOW) HaH) »
M 3

Nede @08 RE

Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs

ERP map series

Channel time-frequency
Component activations (scroll)
Component spectra and maps

Component maps
Component properties
Component ERP image
Component ERPs
Component time-frequency

16 of 16 electrode locations shown
(a) 7 AL B R (b) HLRRA B 43 A 18
& 3-15 LB B AT A4
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3.2.3  Eismiabep

BHE A B S TF A AT R i A B A R A IR S MR IR E A &
' Phad LA K G B S 4 AR S Ry S 82 (850N 43 A AU HE 5
' 1. EX#¥
RAERIHAE B 2% (H2) . 1000Hz fURE 1s 2RAE 1000 U A7 B ATT AT HEAL 2%
TCRAE R BN 3] 500Hz, 804 250 Hz, DL/ Bl i, 32 i A
AR T . Bdi“Tools”>*“Change sampling rate”, i& 3-16 iR .
FEPE 3-17 Fiv s S v AR B R SR RS L 0 250, B Ok VRIS

EEGLAB v2022.1 - O X

File Edit Tools Plot Study Datasets Help b
(Expand tool choices via "File > Preferences")

Filter the data

Re-reference the data

Interpolate electrodes
Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA
Inspect/label components by map
Classify components using ICLabel
Remove components from data
Extract epochs

Remove epoch baseline

Source localization using DIPFIT

P 3-16  FORFEHRAE 3-17 BRI

2. Wil

DB T2 KA 5 rh R S B B R IR R 4R A L S 3R AN B 1k TP R — T SR, X T
i LA I B 4 IO AORE 2y iR L6 6 9,0, 5~3Hzs 0 3.4 ~T7Hz; o 3,8~
13Hz; BI,18~30Hz; v ¥, KT 31Hz, BT WL, AT 0 i HL A5 5 K AL T 0. 5~
30Hz MG, [R50 ok O 35t 48 VR AT L 2 e i3 080 40 1 T 40, JC HO 50Hz (9 A T4, 15
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EEGLAB $#24t 5 A BR K 27 v b (finite impulse response, FIR) &I #5 HE %k 4,
I k4 YR VEE A EEG f5 % . 78 EEGLAB A b, WK 3-18, ¥l “Tools” > “Filter
the data”—>“Basic FIR filter”, 2> B IE 3-19 Fraasis WA 0. 5SHz /BN F th k3@ a5 i %,
30Hz VB b i %38 45 3 22 (A] AR 48 S PR s R %) L SR )5 B Ok,

BYOk” )5, R TEE 3-19 fh/a) ik T “Plot frequency response”, 5 H #4018 3-20 Ar
7N BT 300 705 R IO 208 IR i 140 0 23 e 07 1 (B RRH 2 o DA T T A U IR R 1 R RE

MR F 05 20 IE IS B SCPF BEAT A 44 AF SRR 1A 3-21 TR
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File Edit Tools Plot Study Datasets Help

(Expand tool choices via "File > Preferences”)
Change sampling rate

Re-reference the data Windowed sinc FIR filter

Interpolate electrodes Parks-McClellan (equiripple) FIR filter
Inspect/reject data by eye Moving average FIR filter
Reject data using Clean Rawdata and ASR Basic FIR filter (legacy)
Decompose data by ICA
Inspect/label components by map
Classify components using ICLabel
Remove components from data
Extract epochs
Remove epoch b
Source localization using DIPFIT

B 3-18  EFEIE I A

T4 Filter the data -- pop_eegfiltnew() = [m) X

_ Cancel [ Ok |
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[4] Dataset info -- pop_newset() = [m} X

CNT file_filtes Edit description
Browse

B Bowse |
Ok |
[ 3-21 IR SRR
B Ok”JG . EEGLAB g2 #5747 T 2808 I8 AL 315 i SCF e 3-22 B . W LK
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ERYIERR T .

[ Scroll channel activities -- eegplot() -- CNT file resampled - ]

Figure Display Settings Help

Fp1 I

O o

F4

A kit o vl Do
! memmwmw
°2 M..mmw ,

F7
F8

T3
T5
0.1888
A MWW M
0 3 4
Chan. Time Value .
CANCEL BB o BB s o0ps 01887 o [IREECTIN

F 3-22  uEUE A 0 BE

3. 5%

i HL R B R G AE R BB I IR 2 — A S 5 i 0 SR BTS2 A N LR 5 S %
Wery 325 . AN TR A 275 W B 2 52 e B8 1) 20 BT o DR PR SOHE AL BRI, AT S DI
ORI 5 AN [) S 9 B A 2 TR A X B . — RO T L SR SR B ISR T 2 R A i e
Z% POHERSEE,

HSEWE WIEAMMIRSE 2T HS%H ESH%, AL 42T 0 6,
HARA A DL E 3-23, B “Tools”>“Re-reference the data”,

T 0, BE B 2 “Compute average reference”, WA 3-24 ffRN .,
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[4] EEGLAB v2022.1 - O X

File Edit Plot Study Datasets Help

(Expand tool choices via "File > Preferences")
Change sampling rate

Filter the data

Interpolate electrodes
Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA

Inspect/label components by map
Classify components using ICLabel
Remove components from data
Extract epochs

Remove epoch baseline

Source localization using DIPFIT

& 3-23 iR EIEES %

pop_reref - average reference or re-reference data = a X

7 3-24 WHEHHFYSE

4. MBRIRE
IR RSB R T B a G S T K22, T LUK O R . B AR BRI & 3-25 Frow, B
F“Edit”—*“Select data”.

[@EEGLAB v2022.1
File Edit Tools Plot Study Datasets Help

Select data -- select()
Pop_

Scroll dataset

B 3-25 HU¥EiE Ak
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f£“Channel range”# 35 75 22 M bk ol & (& B 0 HL M, A0 &l 3-26 i,

@I EEGLAB v2022.1
File Edit Tools Plot Study Datasg

‘ [@ Select data -- pop_select()

=
Cancel| | Ok |

Cancel

P 3-26 M BR FL
RIG B A J7 20, W “overwrite it in memory” . WA 3-27 IR,

[@J EEGLAB v2022.1 - [m} X
File Edit Tools Plot Study Datasets Help

Select data -- pop_select()

__Scroll dataset

Bl 3-27  MBR & 5 S 0 A A%

5. #fE

X BSCE HEAT ARG A, G R S I A 0% 0 TS A R G S A B BT R A G v A
00, FEEIRA T W LG E R Ik TR OE . BARERAE Q& 3-28 Firs Bk Tools "—
“Interpolate electrodes”,

TE 5 5 W PR “ Select from data channels” , ¥ 3 (B A9 18 38 . 20 & 3-29 Fi7s

G SRS 3 T T I ) BU(E 44 FRE AT 4, BT LLGE i L ¢ Plot” > Channel locations”—>
“By name” ] HL B 38 S 30 50 38 44 7ok A Rl TE RO A 3-30 TR

J— T R EEE RS AR R R D B R R R ke R A ] L R AR ) T 24 41 K X e
JE B AT . L] 3-30 o, WL Fa R AR RHE B2 TR Fp2 (F8 Al C4 HLIR 1971
EAEN F4 BRI 5 .
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EEGLAB v2022.1 - [m} X
File Edit Tools Plot Study Datasets Help ~
(Expand tool choices via "File > Preferences")
Change sampling rate

Filter the data

Re-reference the data 4 Interpolate channel(s) - pop_interp() - [m] X

Inspect/reject data by eye
Reject data using Clean Rawdata and ASR
Decompose data by ICA

Inspect/label components by map
Classify components using ICLabel
Remove components from data
Extract epochs

Remove epoch baseline

Source localization using DIPFIT

Select from removed channels

Select from data channels

Use specific channels of other dataset
Use all channels from other dataset

Spherical v

Cancel || Ok_|

A 3-28 fEfH PE 3-29 0k 4% B4 {1 AR 3 1
4 Figure 3 — O X
R fWiE(E) E&(V) BAGN) 1R =@ED) #OW) #HEH) ¥

Nade @ 0@ kE

Channel lo2, A {=|@® M@ Q (}

16 of 16 electrode locations shown
[§ 3-30 16 HLHR B9 oA

6. thik £

i v, AT A AR 22 DR 3k 4 i P, SR 1 e R e R ) Al I R I L 4 i B 4 B e ok
TR RIXE PR 7R O 1 i 1Y ek A S 3 R O e 8 7 A TR BT T i ) BB
HEATH ] £ B R B O O AT R

G Fh, KA ) P 30 R [ P O T, S B SR AR A2 U B R Bl DR A A | g e 5
SVE, o L AR 5 09 I BE Le i FE AR 5 KAR 22, BT DL — B2 0 3 A 45 Bl sl 7 s AR HE >R 4 3]
o BT I AR o TR S L AR O R A Al O R B 4 SR Bl S TR i H T AR
Ao T n] 25 R Oh 30 2 il H A S A 3 G0 IR — A 28 B A A A TR A, 3 BELSR H T AR O SOk AT R
W F= B, —Fh R N T2 BR . o5 — B & A Al 52 A 43 43 B (independent component analysis,
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ICA) k.

N T HEAT P 25 B, — e 2 i Ao B30 1 11 XL A 4 A B S iy O 30 5 B A B

TEAR S A B ICA J&— R K 2 705 5 70 8 e 7 0 it 93 50 07 . Bt it
s ¥ 43 f e Ak S W5 5, 0 ARSI BBt 7 ok 58 )iy . SR AR i v AR 5 5 O a2
' B ST IR 2 T LA TCA S Xof L TF 14 il A% 5 R0 PR 38 20 47 23 9 5 DT 38 3] 26 Bk P
mH B,

EEGLAB e fit 7 1] ICA Sk 4T thilh L BR iy P e, & e ICA 4 i dicds , Bk
YETINE 3-31 iR, B “Tools”—>“Decompose data by ICA”,

[ EEGLAB v2022.1 - m| X

File Edit Tools Plot Study Datasets Help
(Expand tool choices via "File > Preferences")
Change sampling rate

Filter the data

Re-reference the data

Interpolate electrodes

Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
- DecomposedatabyiCA
Inspect/label components by map
Classify components using ICLabel >
Remove components from data
Extract epochs

Remove epoch baseline

Source localization using DIPFIT

Bl 3-31  XtEdEIEAT ICA 4 i

TE 57 Pk 5 BRI B VE “runica” B AT, BA TR “ Ok i 17, WA 3-32,

[4] Run ICA decomposition -- pop_runica() - O X

runica
hinica

‘extended’, 1

1 e | .chames |
cancel | ok |

Kl 3-32  ICA 4r S8k %
WEE FEA AT E H 2 BN & 3-33 IR B ER/R (5 8 . s T B ) AT RE A i S, 1
ANE R E Interrupt”, it O R
ICA 4 fift 58 BUS > AT LA X 43 fif 15 20 19 25 2l 57 j o A7 T Ak . HLAR B VR n 1A 3-34
N, B “Plot”>“Component maps”—“In 2-D”,
FE BT R I A AR, WLIAT 3-35, QIS 41 ¢ 167, RV A 1~16 gy,
A OK” 5 45BN an &l 3-36 o By &l 3 B 7R 1 & 20 S 5 4 78 3k B v i 20 A 4% O .



step 248 - lrate 0.000007,
step 249 - lrate 0.000007,
step 250 - lrate 0.000007,
step 251 - lrate 0.000007,
step 252 - lrate 0.000007,
step 253 - lrate 0.000006,
step 254 - lrate 0.000006,
step 255 - lrate 0.000006,
step 256 - lrate 0.000006,
step 257 - lrate 0. 000006,
step 258 - lrate 0.000006,
step 259 - lrate 0.000006,
step 260 - lrate 0.000006,
step 261 - lrate 0. 000005,
step 262 - lrate 0. 000005,
step 263 - lrate 0.000005,
step 264 - lrate 0.000005,

[l 3-33

wchange 0. 00001331,
wchange 0. 00000976,
wchange 0. 00001065,
wchange 0. 00000912,
wchange 0. 00001111,
wchange 0. 00000717,
wchange 0. 00000808,
wchange 0. 00000654,
wchange 0. 00000676,
wchange 0. 00000663,
wchange 0. 00000793,
wchange 0. 00000549,
wchange 0. 00000781,
wchange 0. 00000577,
wchange 0. 00000417,
wehange 0. 00000390,
wchange 0. 00000401,

[ EEGLAB v2022.1

File Edit Tools

angledelta 99.6 deg

angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta

114.8 deg
107.7 deg
112. 4 deg
107. 4 deg
120.3 deg
106. 6 deg
105. 1 deg
104.9 deg
101.9 deg
111. 4 deg

angledelta 99.9 deg

angledelta
angledelta
angledelta
angledelta
angledelta

Study Datasets Help

114.7 deg
119.6 deg
111. 3 deg
102. 8 deg
102. 1 deg

Channel locations

Channel data (scroll)
Channel spectra and maps

Channel properties
Channel ERP image
Channel ERPs

ERP map series

Channel time-frequency

Component activations (scroll)

Component spectra and maps

Component properties

Component ERPs

Component ERP image

Component time-frequency

& 3-34 W ICA 43 &

@ Plot component scalp maps in 2-D -- pop_topoplot()

‘electrodes'

#3%

ICA 73 fif 5 247 2 1A $ 758 17 8

CNT file
[

cancer | ok |

¥l 3-35 & ICA Ry $%

A LR RIS E MG TCA B B R AE , AT LA by W0 8 8 43 2 Oh 38 I 3% 5 B . (H X T
R UL XE AR K. EEGLAB g O 38 4 W7 48 i 7 #i Bh . 1 Yol i 8 i “ Tools” —

B Fr 8B 247
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[ Figure 2 - ] X
XHF) 4REB(E) EH(V) BA() TR(T) SmE(D) BOW) #BEH) »

IC3
IC7

Dede @08 KE

IC1 IC2 IC4

€
O
O

IC8

IC 10 IC 11 IC 12

IC 13 IC 14 IC 15 IC 16

) :

CNT file resampled

& 3-36  ICA &4y 1l

“Classify components using ICLabel”>“Label components” £ & 45 4t 57 i 43 H ARG ¢, 4n
&l 3-37 iR .

[4 EEGLAB v2022.1

File Edit Tools Plot Study Datasets Help

(Expand tool choices via “File > Preferences”)
Change sampling rate

Filter the data

Re-reference the data

Interpolate electrodes

Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA
Inspect/label components by map

- Labelcomponents
Remove components from data Flag components as artifacts |
Extract epochs View extended component properties
Remove epoch baseline
Source localization using DIPFIT

& 3-37 ML BT AR id

FE S B O R B “Ok”, Jn &l 3-38 Bz,
TEFH E O R ] DO S T2 B 8 A IR 3-39 iR L X LIRS T 2 167,
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[@J EEGLAB v2022.1 - m| X
File Edit Tools Plot Study Datasets Help k]

ICLabel

Default (recommended) ~
Ok |

Kl 3-38 M7 AT AR e Tk R

[4] View many chan or comp. properties -- pop_viewprops = m] X

e
‘freqrange’, [2 80]
L

Bl 3-39 gl a7 a4 i R Y S 80k B

Ok Z )5 S8 Ba g B, WK 3-40 s, 4R ER TSR REREE.
Hrr, “Eye” 2R IR 3 A0 C 847 .

[4 View components properties - pop_viewprops() (dataset: CNT file res.. ~ — o X

Brain : 90.9% Other : 67.3% Brain : 75.1% Other : 43.7%

Brain : 45.3%

El 3-40 A7 FRIC A9 ST B4 B R
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BT HOT AT D) B ELARAE R A AE 1] 3-40 B S b B 57, 2 s BT 341 B

7N SFLH
| [41ICS - pop_prop_extended() - 8 X
& IC5
ing IC5 Activity
‘ C T T T T T ]
¢ M AL
i N /|
C 3 L 1 1 1 1 i
796 1596 239% 319 3996 479%
! Time (ms) I
J | of
IC5 Activity Power Spectrum
.50 T T T T T T —
0,037 .
N
I 60} d
0019 g N%
< o
§ g 70" g I
0 § :C_’
s 5 80 .
-0019 g 5
B 90 4
-y - -0.037 1 1 1 1 i o~
0 100 200 300 10 20 30 40 50 60 70 80
Time (ms) Frequency (Hz)

Bl 3-41  Bhsr sy 5 W45 R

Al LLE B 1C5 B8 2R R 8l iR A — S0 38 18 M2 s FH A, el DL B
i, S R P E M 1C5, #:4E M. 2adi“ Tools” —>“Remove components from data”,
e 3-42 Pios.

EEGLAB v2022.1 — m} X

File Edit Tools Plot Study Datasets Help N
(Expand tool choices via "File > Preferences")
Change sampling rate

Filter the data

Re-reference the data

Interpolate electrodes

Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA
Inspect/label components by map
Classify components using ICLabel

Extract epochs
Remove epoch baseline
Source localization using DIPFIT

& 3-42 MR

TE SR PR B R A R4, a5, UL 3-43 .,

SR JG 2RI L B Accept” LAUJG o T 26 A0 9 25 B, AR 3-44 BT .

101 545 52 B » T B AE B B L ANl 3-45 Fian . Z O, R ICA J5 3 22 B Oh 05 i
SERL .
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[#] Remove components from data -- pop_subcomp() - m} X

& 3-43 S A M BR B4 51 %

4] Confirmation - o X

& 3-44 S B3 I I Aff DA 5 i

4 Dataset info -- pop_newset() - [m} X

CNT file pruned with ICA Edit description
Browse

| Browse

& 3-45  H B A & AR T

VER BB 25 B 0 I 7 AR R AN SO B 2 0y . I, A 4 Hodie
R AEL L BRI B8 W2RARZE Eye (9o OB A0AE T 5000 I8 A g BLAR B
LB Dl Z Ja RO WA 3-46 FR

[ Scroll channel activities -- eegplot() -- CNT file resampled pruned with ICA = a
Figure Display Settings Help

Fp1

Fp2 | A {
ZRYAVA

R e T sy
Y A
W}\M W\f){ﬂm‘\ e M’MW“
iy i

P3
P4
o1
02
F7
F8
T3
T4 fi4

Scale

T5 0.1282
T6 I
0 1 2 3 4
Chan. Time Value B
CANCEL EE o BB ry s1as 00127 01282 oy | REECT |

Wl 3-46 BRI IS B ECHE R B E
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7. PEMABBRELZE

SR S 10 SR B 1 G FEL SR S R (R R L B, T DU R R AT 4y B, JUIN T
{440 ¢ #8437 Cevent-related potential, ERP) ¥ . 0 701 4 HR B YR AT: 55 6 70 36 B (5] 01 2% 7R Bt )
AT 5y B A BB HEAT S5 SR 4T

' XA F AR e B 3 B R N ] 3-47 i, $idi “ Tool”—“Extract epochs”,
EEGLAB v2022.1 — O %
File Edit Tools‘PIot Study Datasets Help L]

(Expand tool choices via “File > Preferences”)
Change sampling rate

Filter the data z
Re-reference the data

Interpolate electrodes

Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA

Inspect/label components by map
Classify components using ICLabel »
Remove components from data

Remove epoch baseline
Source localization using DIPFIT >

& 3-47 Sy Br#RAE

TE T AR o A SRR A5 B8 BRI 1% IS (] B ) DA B ) A A 22 w1 R 3 s (]
BlEF M2 me 2 B dcOk”, anE 3-48 Fis .,

E Extract data epochs - pop_epoch()

K 3-48 S ESEEE
HR A 5 22 o DR A7 I 7 iy 44 SR B A Bl SO, s “ Ok BRI, dn &l 3-49 Firs .

[4] Dataset info -- pop_newset() - m] X

CNT file epochs Edit description
Browse

Cancel | Ok |

| Browse ‘

& 3-49  PRA7 5 BLIE 1 B8
AR BE A S FH ARSI AT E A O S R T 4 BEERAE L JF BT LR 4 75 22
KM S O AIE ok A BE L SR S Bl B 0 4 BE Y IR 2 AT DL B hn Bk HE R AR B, B AT
BUR .
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B B B 2 (R A7 AE B2k 25 S B, 1T e 2 T BN B B B AR BT Y R LA L DL SR R T K
i B, BAR R E I E 3-50 s, B “Tools”—>“Remove epoch baseline”,

EEGLAB v2022.1 — [m} X
File Edit Plot Study Datasets Help

(Expand tool choices via “File > Preferences”)
Change sampling rate

Filter the data

Re-reference the data

Interpolate electrodes

Inspect/reject data by eye

Reject data using Clean Rawdata and ASR
Decompose data by ICA

Inspect/label components by map

Classify components using ICLabel

Remove components from data
Extract epochs

Source localization using DIPFIT

[ 3-50 BoRRILLEEAE
TE SR ok B S8 AR A il GE L B Ok 7RI AT, an &l 3-51 fis .

[4] Baseline removal - pop_rmbase() — m] X

oc |
B 3-51 BERILLSHGEEE

8. XHRTEF

Ak B2 5E B 5 EARAF LB A B S . EEGLAB Hf BRI A7 AL B AT 19 8085 R set
SCHF R TE 3-52 Fir s o 33X A 2 R Y SR [ DR BT T R, R R R SR AR R T LA
EEGLAB H#EHF.

AR S5 2L R AL BN P EEGLAB, M2 A O 45 A0S 84 A LATE A 247 8 H i A
“save filename EEG. data”, 7] LR A7 2 HT A ECHE 2. mat #8620, Hodr, “filename” & H C 45
E IS4

AT DA T 9 A B A AR S B m SO AR TR — AN BE Ak S A . B AR R AR
WA 3-53 s, Bl “File”—“History scripts”—>“Save dataset history script”,

3.2.4 R AR 0 R SR A AL P

1. #MERIE EEG iR &

A BT W AR AE EEG 8048 48 At 50 K22 55 o5 BE B £ 41, A0 % 20 44 AR AT AR A
(D1~D20) Fl 20 44 filt FE 3K (S1~S20) 1 #5725 i Fl 454 . ST E A8 G038 14 &4 o AN
6 24 B AEIRY A 29. 5049, 20 & (BME + 07 22) R AE 13 A thm 7 24 B R R

137
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[4] EEGLAB v2022.1 - O X

File‘ Edit Tools Plot Study Datasets Help
Import data
Import epoch info
Import event info
Export
Load existing dataset

Save current dataset as
Clear d
Create study

Load existing study

Save current study

Save current study as
Clear study / Clear all
Preferences

History scripts

Manage EEGLAB ion:
Quit

& 3-52  {RAE Y AT H R

J [ EEGLAB v2021.1 — [m} X
File Edit Tools Plot Study Datasets Help
Import data
Import epoch info
Import event info
Export
Load existing dataset
Save current dataset(s)
Save current dataset as
Clear dataset(s)
Create study
Load existing study
Save current study
Save current study as
Clear study / Clear all
Preferences

Save session history script
Run script

P 3-53  {RAFTAL BEER AR A B A SCIF

29.60+6.48 %, A A EAEF AR ZS.

{#i /il BrainMaster-NM % £ #5417 EEG 15 5 19 % ££,
FL R B0 A A L B 10-20 HLRROICE R S8 B BR . SRl
ST R 2R IR R BOIRAS 5 B Y EEG 55, R A
W Sl 1000Hz, K 4 19 HL i 40 #§ Fpl/2. F3/4.C3/4,
P3/4.01/2.F7/8.T3/4 LA T5/6.3X 16 4~ Hi # 43 #i 76
FI A 423 5 A~ X8, BRI IX v gl (X 301X, T X DA e
Y D W ) i =R 1 R W= N % N o R VAR = LN
Bl 3-54  MHORAEBE A IORI AT 8] 3-54, FEEAME SR MR T, A 2K E B LLET
IR Y 2 A5 AL e L JF R ke e T R R AR Y T
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2. Tuabig
Ko 2 S BAR AR P 1 S HIAR O FR 2 CBUAE DD AT 1 A fa BE W GBI S B SR HE AT T
Kb B,
Tk L PR AL A . DFF A5 5 B RABE SR N 1000H2 B S 256Hzs @ AT 0.5~35Hz 38
W OF3hFthil; OICA LIRS ORAEN. mat I, '
T A B 75 0 1 K500 2 00T 2 0 BOHE SO

3.3 FEHEHINEE RS

P S RT3 A 2 I L S 0 BT PP B B AR B O 3k . IR R 8 R 0 S i R 4 IR AN [ R
K RE S - DRI AR 15 1 e 48 2R3 20 M o P9 G I3 20 A v e P A R e L I3 8T/ g
AR 4G 1A A D BRI T

3.3.1 YpEiEsbr

i A7 5 — R AR P AR B BEALAE =, — MR BEALAE 5 A 47 2 I [R] 2 TE FR A Y, PRt Bl
BLAE 5 1 B RE a2 TG R %, 177 Bl AL 3 R 8 A T — AR A R B30T AN T A2 4 ml B 2 A, BT DAL
L AR R AETE

il S E LGS 0 SRE B R TC IR 1Y (B H P B T S AR A BRAY . R ZEXT AL 5
AT SR AT 43 AT 5 oE N D) 83 1 e AT IR A R . TE R R Ak, FE 5 b 28w il R D) 3
Tk B (power spectral density, PSD) 4 H7 ik B A5 5 A9 47 duk 45 s

1. ERBEFREE

Ty A4 5 B 2 %o BEAIL 7% 5 24 05 1) ik B8, 2 PR RS Y P g T AR i AN, X Bl R TE A
B E R AT DU RS S P )38, DAk % B U — A DU A 1 AR o 0 RS, et T
TEMR NG PR S A Z /DR,

W AREAG I anE 3-55 P,
Vs

— g e |

-~ BRI Weleh) |

. ARBUL
Ve

7 aE =

Prony J5 1

JT2Ek

BUIES T =
MUSICJ5%

R e EELI A £
/NI

rFRES

Pl 3-55 I Th ARG I ik



19— yamaiTmE

ST ARG T T 1L AT LAY A PR, ELHE M ek . B Ao IR E R E
XA BRA R A B AT (9 B A o 45 3 D) 303 . R AS B B, B AR AT 1 2 B R
R o T DR e X AT BRAN R A Ml BE AT A A S A T AT A L AR L e A5 2
ik,
t JE S L AR REHL Y 51 = Go) 9 N A I K 4 0 o — > BE 4 A7 FR B9 8 31, B4 3
a G 4 B M L I A2 3, 45 X (R W SRR PRIBCHCR AL 9 - 07 IR BR L N AR P51 2 () L5
ARG P ()BT, BIUG-D R,

P(x)z%\X(k) |2 (3-1)

Ji teky v J S0 T i 2 AR A B R T ik T v Welch . Welch 35 & —FlHE IE A
0 PRI Ty 24 5% AN T O vk B Y R R AT 0 A B S A BOR Th R S B
AT, Horb 100 A SRR R R AL B Y 43 BOBE A B A AR PR BB E = E AT LA
BT B KRB A5 3 A Dl A8 o3 PR A8 R GBME R L (H J5 22 fm K CRIVZ A2 338 il 26 48 K
S s B A BERR /N S5 SR T 25 23R /N (B T A A BER IR A TS5 R AN R UERD .
A 3 AL X 45 SR AT — 5 LR LB AN DL T R AR R L BILAOR A — SRR I AR S e AR I
TH.

2. hERESITHEMEKIRE

EEGLAB i i #H MATLAB {554 BT HAH P () Welch J7 3% ORIEAT A . B
{REEAE Sy . B “Plot”—“Channel spectra and maps”, 7] L2 & HR3E & L W& 3-56 s,

[4 EEGLAB v2022.1 - O X

File Edit Tools Plot Study Datasets Help ¥
Channel locations
Channel data (scroll)

Channel properties
Channel ERP image
Channel ERPs

ERP map series

Channel time-frequency

Component activations (scroll)
Component spectra and maps

Component maps
Component properties
Component ERP image
Component ERPs
Component time-frequency

& 3-56 A F R E
#H AN 3-57 Fron L iR BB CSRIEE S50 X BN BIAS B R Ok”,
5 S H LR 3-58 Frs B .
L0 R T 22 v H B R AT D R A I AL B 8 AR S U8 B MATLAB B pwelch
PR EICEE SRy B P L 8 AT DIAR PR TR B e S8 B — R =

[pxx, f] = pwelch (x, window, noverlap, NFFT, fs)
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[4] Channel spectra and maps -- pop_spectopo() = [m] X

0293703.125

¢
‘electrodes’, 'of f'

Cancel || Ok |

& 3-57 B UREE S

Figure 2: spectopo() — O X
XHF) fiE(E) EEV) @A) IR =@EDd) sAW) HiH) &
Dede @ 0B KE

!
o

1

—

o
I

Log Power Spectral Density 10*log 1 0(uV2/Hz)

Frequency (Hz)
[ 3-58 D&k & s Bl

Forb, BB A P x AR SR Y x 2 B E O — A Ol S 2 xR
T x A8 — B0 S PE — B (555 . window % A K BB, A0 ) 45 A 7
HB A5 5 1B B 0 77 1B, AR 2 HIR A (5 5 . noverlap J2 8N H 2Z [H] B B Y K<
JE R 3306 ~5000, T M Z [ E B3 2 R ROMF- R Z WBOHLRS . NFFT. B FET
Bl s3I B ar DUAR A HUR fie RO BE S BB B — B i s 8. W NFET MR T
B — B SUBUN / s 2 WORE L ORE AT AR B fi g BB 23 B R NFET M/ e 800 B R 2
HOHLRE . [s 2 RFEIUR B 19 45 R b B AR AR A9 die B N SRR IR 19— o ok 2000 i
L pxx ST SEA B A D A RO L £ o B 540 KD LA 3R ) o7

3.3.2  BmHHHEMAS

1. BEAHERE
XA BEALAS 5 o (o) o i HL I A2 ] 45 31 OB 95 B B S T 5 5 MR I3 i
A e %, T LA (3-2) R R

X(f) =f[x<t>]=f:° x (e M de (3-2)



142 sim i ST 302

b, f AR ¢ AUERIE]; e P R AR SRR,

8 L AR SN — AN A B (5 5O B8 2 AR 4 & AT B R B (5 5D o (o) Al it
22 J 99 R B RS R EIO AR 5 B DA B £ R L ik A PR I 72 S 02 ) — 2 AR K 1) R 8 ( =
FAPRB0 Ry TE A2 R eR BCHE AT 2 M 7 e, W B R SO D oK BOTE A% 2 R eR R 4R
' Kl 3-59 R —FRfES 2 (1) =0. 7Xsin(2rn X 50¢) + sin (27 X 120 ) [l HL A5 2, i 58 PRk

{# B 28 #i (fast Fourier transform, FFET) )5, 7] L7 HoA6 3% T & 3] 3 Wi 19 9 45 4 (S0Hz il
120H2) G 5 & AR 2. M E 3-60 FiR AR G 54 FET f5 . 0005 E Lk

7~ AR 2 HAB AR 1Y 43 4t
o \f\, V‘
S OZ W‘ “ 7 ’ \\ JH’\ M w ‘U | . 03
M ‘J ‘ \‘ '\ \ ‘l'L o
__.20 100 t2001]. 305) 460 500 0.(1)0 100 260fH 300 460 500
(a) %ﬁggn ) (b) @21{;
[ 3-59  SERLAF 5 i {4 LI AR
; g
. ) o
2 | ﬁ
) WWM it | W - i
<P ﬂ ol
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& 3-60 AT R AR 5 19 filf HL i A 45t

L AR B — R AR T AR S W U7 i B AT AT A5 S g T T X B Ry A R S
TE 53 TR 5 I 320 ] T AL P AR AR 5, 3 Ao e i 4 m] DAAS 3 — BefR 5 AR AL S ik
SR A3 s AL X 2% A3 A I 220 TE AR A, A L A e 2% WA S A IR A L R
T SRR 5 1R A B R A 1 B

T v X A Ry BR A, 25 08 Jg S 4 1 U i Fl Ok B IR AR B A 46 (short-
time Fourier transform,STFT) . & I i B 42 46 50 0 b 502 I o 1) B2 b2 4o, B 40 /I\E]]L
Sl g R 0 A I TE A AR /N R B AR B A /N i R RSP AR FE AT B AR 4 G ok
TE I (] il 1 14 7% 2l DI 15 5388 B i AR A3 A RS L e J5 49 35 5 19— 217 R 3 7 B
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H(3-D) PR .

STFT, (¢, /) =L =G —oe P (3-3)

T PR 7 () BYAETE o (A5 J5 I L i AR 4 B A 1 ) Sl e DR A IS ] A R 0 A 2 T 8
MY PR, R HE Y PREL p(O=1, Y ¢ B, 0 I L2 4o 3R Ak Sy 12 58 08 L A8 4 f

TEE 7 PRELZ S5 5 XA I 5 I R] ¢ RIS AR £ TGO, 2 A B A 46 i B A PR, B
AN P UL Y B R gl B R T 1 S v A A AR SR R L (H R X B R
TR s B DB XA T A B 22, T IS TR A R T D

2. EREEM TR RERIE

W RECIE A MATLAB B 15 5 40 ¥ 58 %0 spectrogram B A] , spectrogram PR %%
F1%) I3 B 2 ) P e ot B b A 6 SR AR S 1 D R L A

[s, f, t] = spectrogram(x, window, noverlap, f, fs)

Hrb i AZEC x BRI S 5 window %3 sREL BRINE N DU T B 5 noverlap N % M
&R BONE N 50205 [ AFRETHE MR A0 [s A RFEMIR, i S8 s Bk
HROR [8] 1) i I B I AR 48 JS AR5 R R B AR s ¢ S AR A

W — Bt EEG % (IARAE B & D1 M58 — - E Ay 10 B2 4d5) , 18 spectrogram pR
B AT I AR

D1 toplOs = D1(1,1:2561)
[s, £, t] = spectrogram(Dl toplOs, 256)

AR 3-61 Fran g R . B/ 3-61Ca) HIRIGEHE 1Y , B 3-61(b) 2 45 B fd B - A%

2B 2 3
RIS
[4] Figure 2 - O X @ Figure 2 - O X
STHHF) RIRE) EEV) BAN) TAM NEO) BOW) BEHH) » XHHF) RIEE) FEV) BEAN) TAT) SEO) HOW) BEH)
Nede @08 RE Dede @ 0B RE

asf

&0 | | | 3 |
/WWWWMWWW g
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-1100

-1200
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(a) R B (b) LR {2 FRL P-4 o
E 3-61 EEG %04 & iif {8 5L 728 $ 7 451

3.3.3 /pESBT

1. AR SEE

AN AR RS2 20 HH2d 80 AFRAR S I B A — 4N B BRI 4 3L R s E ST B S A
BRI /N 7R e AR A SR B A AR A R, NI AR R B 2 B ] 2 R
JEE R L AT A FR R ERG H5% A (5 5 Lt T DR B FH — 214 30 0 0 2 X S e . X el
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R o 3 A [ A AR A A S B . e R — RN/ AR R R R AR L AR
JG B —A/NREERIE S DU B /N R AL o 0 e L 8 38R LG /DN 8 38 A9 1 11 R
ANEFTSHY . 18 3-62 R T AN [R) J5 ik B4 I [ 3 AR AR 7y R

Time Series Fourier Transform

frequency
frequency

time time

Short Time FT Wavelet Transform

frequency
frequency

time time
&l 3-62 45l Bt A3 43 A7 O ik 1 4 PR
i B AR 4R S o — RVVCR AR B IE 5L R LA RS . W2l (55 2E i F%
WM G R RN . /N AR B — R BUFR Ry /NI ) bR B, B A eRAECEL A AN TR RUBE
E 5% 0 F /N A 53] 2 e L A g RN U A e ) S, I SR R TE B A K A /N D R AR — A
A A A R i . B 3-63 S IE SZ I FI/INIR AR A

N #\/\/\/\/—

Kl 3-63  1E5ZEFN/NE

BES 2O E/NERETREIF, A 2 (o) 1Y% 22 /NI 28 #t (continuous wavelet

transform, CWT) , H. I =0 (3-4) fr s
CWTN<a,T>=iJ+" z(z‘)go( )i (3-4)
. Tl

M (3-4) T LA HY o A [R) 48 L A8 46 1) 28 o JUF 0K F /N AR A AR i RO
a (scale) M i o (translation) . a /NI eRE B0 4, © 5561/ IN B BRI B #8 . o XD
TR L) 5o X F A ]

R A B 00 0 AT B4 23R 7N DB B PRUERC @ () I G 2 A 2% A

(D HA/NAJRTBAEE KR, 25 1 25 RECh %,

(2) ARG IR, HA WM, I B A B S s, B0 2 =8 (3-5) .

W(O)zJ C@(dt =0 (3-5)

A, OO 2 pREL o () I8 5L AR 6
Q) HERESH a@>0OMERSE <.



W IE 2 /NI B PR BCH Morlet /DRI Marr /NJEAE
NI KL PR RO BT RS 5 AR . R — A RUBE (FE7%) T M 3fe 0 285 28 L gt vl DA Bt 1A 5
AL 2 B ROBE S LR A 20 TR BB S RS U T {5 S R A 2 — A
IRR B, FON I —F A —ME A KR IR ME S 05 2Rl 2. 5
R L I A 45 A ] 8 o /NI 28 4G AN L AT LRI {5 5 A7 SR AR B0 o i L A0 I 7 R A
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B AR B A B
2. INE ST R IR IE
MATLAB A /Nl T HAR 24t 17 5 5 /9 ek B AL i 42 Bt 1 1B HT P ST, w] LA
Tr A M AT /NS B R A T . AP 3-64 T /N AT B T BAL . P 3-65 BT /NI O

Mrr B4t

4\ MATLAB R2019a

APP

%35

wavelet
8 88
b=t e v {ESANEEE

ﬁ*@ﬁ\ﬁ » D:» app » 1

Wavelet Wavelet Signal

B Fr 8B 247

Analyzer Denoiser
B ®
p— 7
[ 3-64 /N T AAD
[4] Wavelet Analyzer o X
File Window Help ~
One-Dimensional Specialized Tools 1-D
Wavelet 1-D
= SWT Denoising 1-D
Wavelet Packet 1-D
e acke Density Estimation 1-D
Confinuous Wavelet 1:1) Regression Estimation 1-D
Complex Continuous Wavelet 1:D Wavelet Coefficients Selection 1-D
Continuous Wavelet1:D (Using EFT) Fractional Brownian Generation 1-D
Matching Pursuit 1-D
Two-Dimensional
Wavelet 2-D
Specialized Tools 2-D
Wavelet Packet 2-D
True Compression 2-D
Continuous Wavelet Transform 2-D
SWT Denoising 2-D
Three-Dimensional Wavelet Coefficients Selection 2-D
Wavelet 3-D Image Fusion
Muitiple 1-D Display
Muttisignal Analysis 1-D ‘Wavelet Display
Muttivariate Denoising Wavelet Packet Display
Muitiscale Princ. Comp. Analysis
Extension
Wavelet Design Signal Extension
New Wavelet for CWT Image Extension
Close
Kl 3-65 /higeor i T HA R
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MR 5 B E S8, BIR] R AT 20 Ao I 2R A8 R AT Bl A9 40 A0 Bt mT DL e A i

3.3.4 P B S A% I 5y b
16 3. 2.4 WP R D1 R ST EFT T BUAL B L oAb 4k SEEAT S04 40 AT 3 R

PP 8 L - 2 4 /N 0 A

(1) DR Hr . XHNARLE B3 EEG CEUE DD £ 0d WUk 315 i 88 47 Zh 338 70 47

15K 3-66,

{4 Figure 2: spectopo()

XA R 8 EEG GBI S1) I BUE 54T T R4 43 B . &5 R A&l 3-67 FT 7,

— [m] X

XPHF) BEE) FEV) EAN) TAM SED) BOW) BHH) - 4 Figure 2: spectopo0 - o X
NEede a0E s E ) GRAE) FE(V) FBAN) TAM MED) WOW) BEH)

Log Power Spectral Density 10"Iog10(pV2/Hz)

A 3-

Dode @ 0B RE

Log Power Spectral Density 10'|Og10(uV2/HZ)

5 10 15 20 25
Frequency (Hz) Frequency (Hz)
&l 3-66  HARIE & #F EEG i3 43 Rl 3-67 A EEG TR ik 44

(2) XTEE D1 AT S1 47 Ja s FEL A0 e AR A I T

% B FR/MT T R/NGI B30 W8, P J2 X IV 1Y B Tt 3% 2%

[B, F, T, P ] = spectrogram(D1 topl0Os, 100, 99, 0.5:30, 256);;
% spectrogram & HR [ 4 AfF 5 (9 B0 5 B i AR 4, 45— 4> 100 S o R BLK /N, 99 A B Y SR A
R

% 55 A 100 St A B0 B AR Y SR, Fs = 256 SRR AR
figure

imagesc(T, F, P);

% imagesc(T, F, B)

% PCE y WEUE Y IE W B

set(gca, ‘YDir’, ‘normal’)

ylin([0, 35]1); %y HiyEH

colorbar; % {G#n

xlabel (‘WA t/s”);

ylabel (‘$il% £/Hz");

title( 70 BB A5 E] 7 )

BeAEXT D1 F1 S1 B9 Fpl @38 ARG 10s FOHE o 17 g o 48 B b 2 36, 2% 1 0L 1] 3-68 I
69,

(3) /NS . X} EEG ¥l D1 F ST #E47 /N 4307, &5 R an & 3-70 i 3-71 s,
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20 2 B
Close
[l 3-70  HMARIE & F EEG /N4 T 45 5t
4] Wavelet 1-D - o X
File View Tools Window Help
M Decomposilon atlevel 5.6 =25 +5.+4 +.43 +2 +1 Data (Size) ‘ S1_top10s (2561) ‘
Wavelet do v ~
il Vb MMM )
-350
e M W %
oF T T T T ™ .~
\ satsics | come
4% o -fm»w«wwﬂ MWMJU”M %mwwmwrf =
2 ! isplay mode :
d,  opaf etz ﬂwwwﬂ JJHMM/HILL(I“{WW%M medww mww LW e 5
20 atlevels 5 |
10 :
dy ofpftonnf +¢w«w N w-wm Mw% i Mwwwﬁ Ww Do erscss
-10 -

Center x| | X= 1
©On

Info

E 3-71 W EEG /N Hrdh B

3.4 MEBHFERIEZEDH
SO R b 1 R EEG 9 L S — Ak 4 £ 5

LR E AT 0 B B 25 1 AR R
LZC) /NP LA K 53 10 2 B0 6| 24 e i 3k 6 7 i v 80408 0 A v B8 19

s PRI Al 2 A A A 2 X
Lemple-Ziv & 2% ¥ (Lemple-Ziv Complexity,



Pavant

3.4.1 LZC

%3

=z

=

B Fr 8B 247

LZC & —FpAs Rk ~7 (4 A £ MR B, i e 1 — A sk (] 5 3] B 25 e 270 R A 38 o s 8
AR LZC 8K 150 B B A X 1) M 2k w5 o B 07 10 B 2 A7 ol R Z . BRI
Iy AN 3-72 Fias .

RASANF .

BEXF7 51 AR
X(1)>=T X ()=1;
ZMIX()=0

{

1S, Q,
HoME N c(n)=1.i=1

I

XS, QT FISQ,
HH95ESQ

QIESQVItFHi?

Qe izl

b(n)=

logon

n

c(n)=c(n)+1

3-72

LZC=c(n)/b(n)

LZC i 5 i

function lzc = LZComplexityCompute (data)
s A -AE TR AR E
% data: — 24 [A] )7 41

o
i)
o o o o o o
5

MeanData = mean(data);

° o o
5555555 %5%5%5%5%55%5%

lze: [R5 ERE

o o 9 o

o°

o *®

5 6 % O

o

b = (data > MeanData) ;
x (1: length (b)) = “0’;

x(b) =1,

o°

c=1; sBAWIHE

= x(1);
Q=11
SQ = [1;

o

5

for i=2:length(x)

Q = strcat (Q,

SQ = strcat (S,

x(1));
Q);

SQv = SQ(1: length(SQ) - 1);
% WA Q ANJ2& sov T 5, U FH Q A& H BRI 3K, AT I 1 4
if isempty(findstr(SQv, Q))

S = So;
0= 1[1;
c=ct1l;
end

o

[
i

R T —E AL AL 2

o

AL 18 F) 01 KA FEAT

S 0 SO Wkl
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end

SIEAR BN c R FAF BB EH, FrlZm 1
c=ct1l;

b = length(x)/log2(length (x));

lzc = c/b;

fprintf(’\n\n J¥ %] data I LZC & 2% & 2 \n\n")
fprintf(‘ % £, lzc);

return;

FHOCHIE ST 1 — S 25 I F

(1) Li ZEXHMARAE 5 A Pl o0 240 F8 3 R TE 3 A A BIR K 5, L ROKS it 3% BROIR 28 F kA7
O S VR B A 5 LZC 64T 43T, & AR AE FR A FIORS # o 240E SR E Y LZC ¥ F IR
WA, HEEE R BN ESR.

(2) Méndez SFGe1T T 20 24 A H 24 1) 5 FE 400 ABAE £8 & 1 19 42 fet J3e X B 5 S i X (148

O LZC, RBITA G X8 1 LZC ¥ Tx AL, Haad 6 A H ytinfis 25 %iaJr
E,%%E@ LZC H FrfAK.

(3) Akar ZEXF 15 44 5 B AR AE £ 35 A1 15 44 fa BRE G BE Bt e B0 S L 0T M 25 (O W 16 4
P25 DL BT S (RO 2 N 250 1 il P15 55 BEA T AR e Bl ) 2 40 M, R IRAEATRATAR S T
BEI LZC ¥y TR, EARRI0 Sk Je A7 3145 1 35 22 5 7300 IR v e X, B2 AR
i FBE 110 M L P 5 %o R A B e T 2 ) A K B R R S 25 5

3.4.2 /DIERR

AN AT LI B B sl R E A AR 2 N il AR S 8 R R —
PRAE SO T A5 5 3% B AR AR 451> 123 (B 20 A1 A P sl 0P AR . /N R, R W5 5 /Y
REAE 7 A B B A5 S AR B . RT3 07 (R

(DE et —B 55 R j B/h R E;

mJJrNJ 1

EN = D) d,()? (3-6)

J
k=m
j

Kfrom; FoRNE j E m DEIRB d RWRE j /MR N Ronsird Hm
KE.
(O ERER E -

m +\7 —1
E,=>E""" =3 Dy d; (k)" (3-7)
J Jj k= m;
(3) ¥/ BE e BR LLE e & L 45 8 25 RUE EI’JPI‘EX]‘/\/BZ B Azt E 0K
m/“vi\l/*l
o~ > d; )
(N _E] ’ k=m,
i = Emt m; +\] —1 (3-8)
2 Z d; (k)
j k= m;

(4) WE B AR R EER p"7 437 4 «
— >0, logp (3-9)
J
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ﬁﬁ%ﬂ[ﬂ:

function wentropy = wavelet entropy func(x,Fs)

N _ceng = round(log2(Fs)) - 3;
wentropy = 0;

E = waveletdecom cwg(x, N ceng, "db4’); ’
P=E/sumn(E);

P=P(find(P~ =0));

for j=1:size(P, 2)

wentropy = wentropy — P(1, j). * log(P(1,73)); %S /N Swt = — sum(Pj % 1logPj)
end

end

function [ E ] = waveletdecom cwqg(x, n, wpname)

[C,L] = wavedec(x, n, wpname) ; & X UM AT /0N A i
fork=1:n

% wpcoef (wptl, [n, 1 —1]) 2K n 25 i ISR
% disp(/ B AR E(1));

SRC(k, :) = wrcoef(‘a’, C, L, ‘dbd’, k) ; % N
SRD(k, :) = wrcoef(‘d’, C, L, "dbd’, k); S T R E
, HC STt gk = T A

S ORE 1T U BT I
E(1, k) = norm(SRD(k, :))
end

E(1, n+ 1) =norm(SRC(n, :)) * norm(SRC(n, :));
% disp(‘/NEALHiF SRE R E_total’);

* norm(SRD(k, :));

E total=sun( E ); % R M fie
y= E_total ;
end

HASRHIFFE Ry —LE 552

(1) 5 k25 X 22 3 P H RS B AR AE J8 5 AN IE % NI 16 5 21 L /N B 2E AT
B o A BRAMARAE S5 H A 13 ARG /NER(E R T 1E 5 N4 2 W 20IR 2SR AR AE B8 2 119
5T SO G Y B ORI B O TR

(2) HEMPRAESR I T — PP 2R T /N AL 0 3 R E A AR 0 ) AR (R A4 I R AR S 0 A
T7 U S FFAT R AR AE 28 A T R N A e S N AR S BEA T SRR A e BRI AE R
I PR A o B AR (LA 8 2 i X8 35 R T AE R R

3.4.3 IBHEE

B HERUE AR TR R R RS EE R R EME G5 h S8 T
PN, BRI R AR E .

W RSEor 50k r=1/4 F1 1/8 W9 4S8 55 78 40 TE M 26 1 TS S i A & RIS R 1Y
TR ECE ASEIE NS RST o AR S S 3 R AR R W AR 50 N Gr) 1 3 35 /N I 4 R
SPIREMEE MR, 2 In(N GO ~In(1/r) B, 4T HL A 58— 4 HL . 4 H
LR FD RN 42 10 20 T8 4 45

AR

function D = FractalDin(y, cellmax)
% SR — 4015 5 BT & 50 B 4R 5L
s y—4ES

% cellmax: JyAg ¥ MIERAK, AT LU 2 MBI, 2, 4,8, .. ), BOR T 8088 B2 1) 4 £
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D& y I A (— BN D>=1),D=1lin(log(N( e ))/log(k / e)),
if cellmax < length(y)
error(‘cellmax must be larger than input signal!”)

end
L= length(y); % Hiy AKE S A5
¢ y_min=min(y);

& B ALHAE K y_nin BB ALAR 0 &
y_shift=y-y min;

% HORFE, B SET cellmax + 1

x ord=[0:L—-1]./(L-1);
xx_ord=[0:cellmax]./(cellmax);

y_interp = interpl(x_ord,y shift, xx_ord) :
% e LU 46 A v, 4R RAE S 27 c

ys_max = max(y_interp);

factory = cellmax/ys max;

yy = abs(y_interp * factory);

t=log2(cellmax) + 1: % AR EL

fore=1:t

Ne=0; s BB S 1E 5 R T 1 B4

cellsize=2"(e—1); % B IR BT KD

NumSeg(e) = cellmax/cellsize; % B Al K1 43 ) BE B

for j=1:NumSeg( e ); % FROBR A — > BRI i TS B R A% A B U N(e)
begin=cellsizex (j—1) +1; s B—B R

tail = cellsize* j+1;

seg = [begin: tail]; % B AR FR
yy_max = max(yy(seg));

yy_min=min(yy(seg));

up = ceil(yy max/cellsize);

down = floor(yy min/cellsize);

Ns = up — down; s AR B2k 5 A R T

Ne = Ne + Ns; % BNk — B 55 2R 0 p% T AL

end

N(e) = Ne;

end

% X log(N(e )) Ml log(k/e) # AT H/N e iy — R MG, #H R ZE D

r = —diff(log2(N)); % R oAt 2 AUNF 1R S R
id = find(r<=28&>>=1); % P B I B0HE o

Ne = N(id);

e = NumSeg( id) ;

% plot(log(e),log(Ne),” ——bx";
P =polyfit(log(e) , log(Ne), 1); % — U 2 00 A 3R [l 4k 3R AR
D=P(1);

HHSCHF 5% ) — S 45 1R

(1) Akar ZEXF 15 />3 B PIARAE (& R 15 3 Bl i L 15 5 19 Katz 0B 4880 (Katz
fractal dimension, KED)#EAT T 43# . & B0 B HIAIAE £ 2 190148 8034 = T ik

(2) Ahmadlou ZE 4387 T MR AE H 380 DX 0 F A 5 AN [ 349 8 1 40 T8 2 5028 fR B A L 2% B
PIARAE £ 5 beta 45 B A2 80X, A7 40 X, AN X 1 0 T2 800 W KT IEH A .

3.4.4  FB. B ARtk o Pr
TE 3. 2.4 A TR DI A S1 3T T AL B8, i AR 8 R 33 S BOUE R AT L RR AR 2R 4
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s LZC /NGRS T dE 80, K WAk B S 69 586 Ko LA 10s S — BEtk 4343 BE B ok 3t
29 Bt T E—BLAY LZC /NG LS S T AEH, I 2RSS EAE A2 i o 500 () B 2485 5
=R R EAE Ry 1 3-73 1/ 3-74 FE 3-75 s,

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

LZC
0.8
0.7 e N —
04 S~ A
03 N AT T
0.2 ~
0.1
0 1 23 4 5 6 7 8 91011121314 1516
—o— [ FEPIAS | —— DI
& 3-73 LZC %
TN AR
1.2
| i
0.8
0.6 2 7‘[ \
04 AN/A\ \
02 [\ \ /
) e j 2 V/ ‘t ° =‘-.4=L

1 23 456 7 8 9101112131415 16
—o— {H IS 1 —e— 75 D1

& 3-74 /NG

STHERL
- =0 "'\ .;A‘/.\
A—_ 3o o i
—
1 34 5 6 7 8 9 10 11 12 13 14 15 16

—o— R LS 1 —— D1
Kl 3-75 S HEREE R

3.5 FuEE EUHERY M 4% 5 A

NFER NS A IR T b 450 fe o B2 2% (DI Rk i
G, JORG 15 A0 5838 10 45 1 LA L D) RE % 4 R AT R ik B A 3 R 15 B 5 B 5 e .
R A AR 2220 M 532 AT LA A 20 i s (0 2465, JHL b 26 18198 9 20 B 522k T A KM 2 i

NI E Z— BOA N — DI R
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154 sim o4 SRR SRR

P 45 FA5 H 0 245 EAT A 22 FIATA o AR Bl i 3 00— 4> 23 32, Sl o SO 0 265 1 5 A
A o Xof 0 D 4% 4 4 D 23 A 0 A A o DT 6 B 88 A1 B A e B e A M ) ) 2% 254
AR UK ) 26 9 R o S RO T S AT A 4

’ 3.5.1 iR it ke

i O 8% F ) e B AR A DG T 19 ) R 2 S R B A D S B A T I 2 R L T SO
AH G Z2 550 A A (6] FRL B AT 5 1] B AR GR35 AR i J 48 50, 48 6 A [) Fl AR A - 1) 1 R A7 G
FRAE, A ng R JE AT LGRS DA AN D BR

(1) A AL RS 55040 .

WA HT IR R X X S —4 n X time B R, o n SHHRECH , A% EEG 1Y »
¥ 165 time 2 WA . A ] load R A2 A T4 BRI (9. mat $540 ., [6) i 6 B4 43 g 10s
—/NEGHEAT A B B R 58 R R R AT T Y LS B B R 4

(2) THE AR S HE 5L

FHAL U )5 F8 80 (phase lag index, PLD ACIBUIT .

% PhaselagIndex. m
function PLI = PhaseLagIndex(X)
% Given a multivariate data, returns phase lag index matrix
ch=size(X,2); % column should be channel
% % % % % % Hilbert transform and computation of phases
phil = angle(hilbert(X));
PLI = ones(ch, ch);
forchl=1:ch-1
for ch2=chl + 1:ch
% phase lage index
PDiff = phil(:,chl) — phil(:,ch2); % phase difference
PLI(chl,ch2) = abs(mean(sign(sin(PDiff)))); % only count the asymmetry
PLI(ch2,chl) = PLI(chl,ch2);
end
end
fori=1:16
PLI(i,1)=0;
end

BATEERNE 3-76 B, 158 —4~ 16 X 16 BYE LI,

(3) WEEME %,

BT AE IS, P B IS B B R H T EA L . XA T SE R S P A A i 2%
R WF .

function MIb = get_binary(M)
th = 0.03
[m,n] = size(M);
fori=1:m
for j=1:n
if(M(1,J) < th)
MIb(i,3j) = 0;
else
MIb(i,j) = 1;
end
end
end



$3E  WELEEST U2

4\ MATLAB R2021a - academic use

@Eﬁsﬁs@
B g OO
e me S

ﬁ#@w&' AREY HB % K D W
v @nm >~y Qv @E e -

>

Xt Shn fRi8 e
@ Epl 5 | » D: » Desktop » B » 5 » 34matlabfiFd ‘
METSTHER © [ 8% - D:\Desktop\BREHI\HFN3.4matlabftiB\PhaseLagindexm (]
T BR Phaselagindexm x ¥
;ﬂ FractalDim.m 1 function PLI-FASELARINARY (X)
? LZComplexityCompute.m 2 % Given a multivariate data, returns phase lag index matrix

3 wavelet_entropy_func.m

) waveletdecom_cwq.m
51 E 10
0 0 0.0250 0.0148  0.0203 0.0133  0.0164  0.0219  0.0070  0.0344
0 0 0.0039 0.0094 0.0023 0.0187  0.0109  0.0023  0.0148  0.0352
0.0250  0.0039 0 0.0187 0.0078  0.0117  0.0258  0.0203  0.0125  0.0336
0.0148  0.0094  0.0187 0 0.0172  0.0180  0.0055  0.0070  0.0227  0.0578
0.0203  0.0023  0.0078  0.0172 0 0.0063 0.0398  0.0023  0.0070  0.0234
0.0133  0.0187  0.0117  0.0180  0.0063 0 0.0148  0.0125  0.0219  0.0406
0.0164  0.0109  0.0258  0.0055  0.0398  0.0148 0 0.0289 0.0148  0.0109
0.0219  0.0023  0.0203  0.0070  0.0023  0.0125  0.0289 0 0.0141  0.0227
Phaselagindex.m (&) - 0.0070  0.0148  0.0125  0.0227  0.0070  0.0219  0.0148  0.0141 0 0.0047
THFX ® 0.0344  0.0352  0.0336  0.0578  0.0234  0.0406  0.0109  0.0227  0.0047 0
SR~ [ 0.0117  0.0094  0.0016  0.0156  0.0125  0.0063  0.0219  0.0070  0.0156  0.0328
ans  2560x25.. 0.0312  0.0109  0.0437  0.0234  0.0094  0.0305  0.0414  0.0328  0.0094  0.0305
D1 16x7518... 0.0031  0.0094  0.0203  0.0203  0.0070  0.0219  0.0586  0.0094  0.0070  0.0281
D1 te... 525‘7’;’:" 0.0211  0.0211  0.0172  0.0156  0.0250  0.0180  0.0320  0.0344  0.0148  0.0359
sl 0.0172  0.0258  0.0055  0.0125  0.0047  0.0148  0.0539  0.0250  0.0023  0.0219
0.0398  0.0203  0.0523  0.0297  0.0070  0.0453  0.0469  0.0281  0.0102  0.0211
fi 511 % 16
I8 3-76 i HEHE B I 3R
(4) T R
. R N
H figeegnet PR AT LI Hy 5 45 4]
Mz —
4 B 0. 03 I, P25 [E Q18] 3-77 B .
E Figure 1 — ] X
XIHF) WIR(E) EHV) BA() TR KE(DO) JOW) #WE)H) ?

Dode @ 08 RE

B 3-77 453 ik ) 2% &
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3.5.2 MIKSENURES 5
1. VR AR BRBOT BT N B BR AR VIR K E M2 RBCR US4,

function [degree, ccb, cp, eb] = getParam(M)
degree degrees_und(M); % B

ccb = clustering coef bu(M); s BARRE

cp = charpath(M); % FRAF AR K B
eb = efficiency bin(M); % 4 R AR

(1 9 G BRI 1Y R RO R A o — A BT — A1 55 A 1Y a5 =2 [ 5 M 9 & 1k

Fe b5 8 SR G —A 5 5 AR I T80, 2 19 s B R S ARG A

RES T .

function [deg] = degrees und(CIJ)

% Input: CIJ, undirected (binary/weighted) connection matrix
% Output: deg, node degree

CIJ = double(CIJ~ =0);

Deg = sum(CIJ);

(2) RRAM . BB RBOE R L B 1Y 500 R TR L LI R 2% 5 /) 1 55 1 2 2

52 i 19 SRS 28 00 T BEHIL IR0 45 1 2R 4 28 O A1, 353 07 s F

C=n/C:=2n/kk —1) (3-10)

X C FRIRIZT S B RE REG ke R %1 R 240 U H

(ARZT U
function C = clustering coef bu(G)
Input: A, binary undirected connection matrix

a° P

o

Output: C, clustering coefficient vector
length(G);
zeros(n, 1);

QB
1l

foru=1:n
V = find(G(u, :));
k = length(V);
if k>=2 % degree must be at least 2

C(u) = sum(S(:)) / (kK"2-k);

end

(3) RRAEBEARICRE « 70 R 2% vp AT 8 P15 A5, 38 368 3K 1A 79 B9 i A T 0 SO 3K

AN BE AR A RE L I 2% Hh BT A A B AR I RE S I S O 4 Y wﬁ%ékﬁic

RS F -

function [lambda, efficiency, ecc, radius, diameter] = charpath(D, diagonal dist, infinite dist)
% Input: D, distance matrix

% diagonal dist optional argument

% include distances on the main diagonal

% (default: diagonal dist = 0)

% infinite dist optional argument

% include infinite distances in calculation

% (default: infinite dist = 1)

o

o°

Output: lambda network characteristic path length
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% efficiency network global efficiency
% ecc nodal eccentricity
% adius network radius
% diameter network diameter
n = size(D, 1);
if any(any(isnan(D))) ¢
error(‘The distance matrix must not contain NaN values’); ¢
end
if ~exist(‘diagonal dist’, ‘var’) || ~diagonal dist || isempty(diagonal dist)
D(1:n+t1l:end) = NaN; % set diagonal distance to NaN
end
if exist(’infinite dist’, ‘var’) & ~infinite dist
D(isinf(D)) = NaN; % ignore infinite path lengths
end
Dv = D(~isnan(D)); % get non — NaN indices of D

% Mean of entries of D(G)

lambda = mean(Dv);

% Efficiency: mean of inverse entries of D(G)
efficiency = mean(1./Dv);

% Eccentricity for each vertex

ecc = nanmax(D, [], 2);

% Radius of graph

Radius = min(ecc);

% Diameter of graph

Diameter = max(ecc);

(4 BRFCR . BRI TR M2 I T B MM 2 RRCR . e AR K R
JL IO 245 2 JR B AL v DU O 4% Y T A% 3 £ L PR PR . T SN T

1 1
glob - ( 7 1) Z T (3‘11)
nman jevii#j tis
S0y, FORFI T I B R B
ﬁ’ﬁ%ﬂ[ﬂ: :
function E = efficiency bin(A, local)
% Inputs: A, binary undirected or directed connection matrix
% local optional argument
% local = 0 computes global efficiency (default)
% local = 1 computes local efficiency
% Output: Eglob global efficiency (scalar)
% Eloc local efficiency (vector)

n = length(R);
A(l:n+1:end)=0;
A= double(A~ =0); %

number of nodes
clear diagonal
e

d° o

nforce double precision

if exist(‘local’, ‘var’) && local % local efficiency

E = zeros(n,1);

foru=1:n
V = find(A(u,: ) | A(:, u).”); % neighbors
sa = A(u, V) + A(V, u).’ ;
e = distance inv(A(V,V)); inverse distance matrix
se = et e’; % symmetrized inverse distance matrix
numer = sum(sum((sa.’ * sa). * se))/2; % numerator
if numer~ =0

symmetrized adjacency vector

o o°

denom = sum(sa).”2 - sum(sa.”2); % denominator
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E(u) = numer / denom; % local efficiency
end
end
else % global efficiency
e = distance inv(A);
) E = sum(e(: ))./(n"2-n);
U end
function D = distance_inv(A )
1=1 % path length
Lpath = A_; % matrix of paths 1
D=A; % distance matrix

n_=length(A_);

Idx = true;
while any(Idx(: ))
1=1+1;
Lpath = Lpath* A_;
Idx = (Lpath~ =0)&(D==10);

D(Idx) =1;
end
D(~D | eye(n_)) = inf; % assign inf to disconnected nodes and to diagonal
D = 1./D; % invert distance

VCE BRI B R A7 308 7 %) 3k S S RO AT T3 AR A7 2% I D0 07 B4 285
B a5 2R . RS R B AR B AT E A AR B SRR SRS A N AR

3.5.3 KB e B o br

1. %% EEG #iE &

PR EEG B4 4 i i PR R = 4t 1 3 44 O R AE B 2 AR AR IR TE 18 B 28
2 Z 0] AR T BB R A BT R Y 3 N S (B e . S8 T IR I L SR B AT ik
AETEREF b AR R O AR R O A RS R LU =25

(1) 2Bl I RS 218, 10 S & RS T A R R0 A R %) ki v 4% 5 43

(2) POXFMEARE S ORI T 1 Fo0 ) b 2RI, 5280 N GUR vk A T3
A S i ] DU 5 1R A F T8 . 93 R Jo Tk 4k 2 22 m il L NS oL OF kATt
B . EAT Ve R Y [ B o s i R (120 D)

(3) B 5 5o Ja ZoR A S McGill Y05 [n) 45 i 36 L i 3R UK IR AT ER I 3R 0L .

MecGill 95 ) 4 o 28 2 1 B 2 oA B 8 3 A0 e 50 i) 3R, 246 . O B L&
2 3% (visual analogue scale, VAS) . Em il . = T M KRR ; @K 47 45 5 (pain
rating index, PRD : #idd &M ; QOIA JKIH 58 & (present pain intensity scale, PPD) ;
AL E P A R I R

KW R LS Fpl/2,F3/4,C3/4,P3/4,01/2,F7/8,T3/4 Ll ) T5/6., R ki K
N 250Hz,

2. BIRAESR

(1) #% MR 3. 2.4 20 B B A PiAb 2

(2) AR REELLN 3 4> 30s B4l B, 43 58 PLT 3% $250 M 0 SR 18 L 4R
B B PLT M 30 1
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B $dE A —J9°9

H3E

(3) M 0.1~0.3,L10.05 2B, BE 5 A B, 700 5K HE B AR B I 31 BEAR L A 45 45
3. HIRHEER

IR E AT IR AT LIAG B 3 44 sl i IR 0 45 0 A 45 2R, Ik 3-1~3 3-6 B,

£3-1 w1 HEBMNEITER
HE\ S BIERERE RERY TREH /Y
0.1 1.316667 0. 790677 10. 25 0.841667
0.15 2.033333 0. 588393 6.5 0. 638889
0.2 3.341667 0. 524752 4.25 0.370833
0.25 3.691667 0. 455357 3.125 0.2875
0.3 4.341667 0.3125 2 0.154167
S H) il 2.945 0.534336 5.225 0.458611
®32 HAINBERNESMER
BE\S 4 FERERE RERY TREH EJSbig
0.1 1.15 0.86755 12.75 0.925
0.15 1. 341667 0.766674 9.875 0.829167
0.2 1.575 0.614644 7.125 0.729167
0.25 2.266667 0. 349603 4 0. 544444
0.3 3.066667 0.075 2 0.377083
- 44 {H 1.88 0.535 7.15 0. 681
R33 WA 2HWEBMNENTER
HE\ S FERERE RERY T REH Ry
0.1 1. 091667 0.913647 13,625 0.954167
0.15 1.325 0. 752001 10. 125 0.8375
0.2 1.8 0.552778 5.875 0.665278
0.25 2.791667 0.43254 4,375 0.465278
0.3 3.458333 0.277083 2.625 0.315278
Rkl 2.093333 0. 58561 7.325 0.6475
R34 HA2HBEMNESMER
BE\S 4 BEEERE RERY TREH Ry
0.1 1.041667 0.962798 14,375 0.979167
0.15 1.175 0. 889345 12. 375 0.9125
0.2 1.316667 0. 820962 10. 25 0.841667
0.25 1. 441667 0. 783211 8.375 0.779167
0.3 1. 608333 0.599616 6.125 0.701389
- 341 1.316667 0.811186 10.3 0.842778
R35 WAIHWAEBMNENTER
HE\S FERERE RERY T REH EJobig
0.1 1.2 0. 81327 12 0.9
0.15 1.575 0.403716 7 0. 726389
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B{E\S# IR EKE BERY FEEH ESE g
0.2 3.191667 0.272024 3.5 0. 380556
0.25 3. 966667 0.222917 2.125 0.219444
¢ 0.3 4. 425 0.135417 1.125 0.120833
' FHE 2.871667 0. 369469 5.15 0. 469444
36 HWAIHWBERMMESIER
BI{E\S# HSERR K E BERREY FEEH EdSE &
0.1 1.025 0.975435 14. 625 0. 9875
0.15 1.108333 0.915495 13.375 0.945833
0.2 1.233333 0.846198 11.5 0. 883333
0.25 1. 383333 0.812699 9.25 0. 808333
0.3 1. 558333 0.605114 7.125 0.731944
Sl 1. 261667 0.830988 11.175 0.871389

PL 0.2 R AR, i 3 457 43k % Mg P 2 3 42 TR L 43 ) an 1 3-78 L/l 3-79 FIAL 3-80 FT i .
ME TR LIS R B 5 8BRS A HE L B R 25T I R 28 A4 3% 42 BH t AR /0, ot B K i A B
(1] AT %) 2550 2% B S A

60 60
50t 50t A\
40 40
‘441\‘\; :
: AIAN
0 or "%t 'r‘:ﬁ!; .
-10f -10 k\’\, \(V;"s.\\'
I I J&o"—‘v‘él» '\\\‘
> . PR AN
R AN
30 30 ; ‘ \!@’,’ 1/ 6
—40 —40 y////\\ y
50 -50 1 O 0
60 40 20 0 20 40 60 60 40 20 0 20 40 60
() FEHIREE (b) BRERE
& 3-78 Wk 1 MK R4 R K
60 60
s0f s0f .
407 40[ /
307 301 i g%\""//
207 20( }{iﬁ?ﬁ’!’/
i i Wi
r I R\ PRV
| DRSS
20} -20f ',/A \‘M)/‘_“_‘:E <
-30F -30f i\‘]g‘\‘\\il’,
—40f -40 '//A\\\\‘
50t -s0f 5
60 40 20 0 20 40 60
(a) PR (b) IR

Bl 3-79 B 2 Ml o 4% 3 2z
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3.6 PR LR A R0 5 t GIAREE ix BB B9 53 28D

AR LIS ARAE EEG Kt £ 09 B BE17 70 28 ], A 43 T 5 19 19 7 15 A A B S BR R]
B 2545 B

3.6.1 [l

TVRISAE o — o DL ) A SR 1 0 A IR O ARV R 2 2% DL BOKE g ik
Z ERE PR EN T E BN B R AT o MAE R A B R T R
TARAE B HEAT R A2 W MG Ty b 2, I ELIK AL A5 5 Bk T ORIk B J2= 1 28 0 4 i A
F M A 0 AR B 2 & A R R R AR B S R B AR R A IR AR L 2
E  BSF I 9 23 e S5 A A e R Tk At 22 55 0 A 5 9 12 W 1) B SR A0

3.6.2 Buoarbrinite

AR AT AR R

(1) ZRABHE B A B A MATLAB, 2 31 S04 44 UAE T4 kb 31,

(2) BHRFAb 38, L 4% . O#EAT 0.5~35Hz U8 ; OQFgh LR thilk; @k 75000 4
R ) o A, P 2s O B

(3) FRAEFEIC, F AT ILAT A28 09 T3 4%, 45 ORI 1 ) 38 3 R A o031 43 BT RR AIE , AF 2k
FRAE NG 9 245 4 i 452

(4 4328 R LR 2% > 19 J5 2 Cn SV VD FIER B 2% 2] 1) J7 s Can CNIND X Al e 28 5
TR 5 A ) R AT 42

3.6.3 J:T SVM 43k

SVM J&— it Z 7 AR, B4 S0 ) e AT foa 2 e S5 8 2% [] v ) — 2 85, SVML 9 H Y J2:
W — 25 2k, DA 7 X 03K P2 AR AR DUJG A TR Y R X AR R RE AR AR 4 i 4y
XK. SVM & & /N BB AR AR AR e 4R 1 2 S IR AL
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SVM 2 2] J5 kAL FE A 2 th 1 2 SRR . kMl 43 SVML 2k SVM e dE £k SVM,
(1) I R B0 e 1 v] 43 I5F 38 2o 08 i) B e oAb 2 2] — A Sebb A 2588 [N M mT 43 SVML, X
PR BERI B SVM; (2) Y1 250 850408 301 00 Ze v o B 3 ok 0K ) B e KAk, Al 2 ) — AR 4
Jegm BN ME SVM, XFR A ERIAIRE SVM s (3) 241 SR B 28 M A T 43 38 a0 ) A2 1 05 K
' AR IE) B de KAk, 24 2T dE 2t SVML,
MATLAB rffifi F— 26 [ 27 (19 9 B R R AT 58 i SVM 4328, svm. m AR A0 F .

o°

3

% FEASEL: (24 +24) % 150 = 7200, FRAE K /N 1% 3(5E— 51 : 1zc; 55 Z 30 - /N R ; 58 =31 : 40 B e 40)

clc;

clear;

close all;

tic

% % JNERECE bR %

% NC— fi gt P- &

all_datas_NC = csvread( 'D: \Desktop\ 5 i & XF \ A4 £\ 3. 6 % 4 5 K AC A\ i1 5 4 AiF 45 -\

nonlinearNC.csv',0,0)

all datas_P = csvread( 'D: \Desktop\ 5 i & X7 \ B BL\ 3. 6 4 48 I AR 65\ i 55 47 1F 25 S\

nonlinearP.csv',0,0)

all samples = [all datas NC(:,1:3);all datas P(:,1:3)]

all labels = [all datas NC(:,4);all datas P(:,4)]

5% H—1k
% all samples_reverse = mapminmax(all samples',0,1)
% all samples = all samples reverse'

%

o°

K =5; s K41

accuracy = zeros(K,1)

all precision = zeros(K,1)

all recall = zeros(K,1)

indices = crossvalind('Kfold',all labels,K); S M AT B IE I &R 5

fork = 1:K % K iterations
cv_test_idx = find(indices == k); S A2 IE AR & IR BOE 1 & 5|
cv_train_idx = find(indices ~ = k);

train data = all samples(cv_train idx, :)

test_data = all samples(cv_test idx, :)

train label = all labels(cv _train idx, :)

test label = all labels(cv_test idx, :)

model = fitcsvm(train data, train label, 'ClassNames', {'0','1'}, 'KernelFunction', 'gaussian');
[pre_label, score] = predict(model,test data);

pre_label = str2num(char(pre label))

C = confusionmat(test label,pre label); % 'Order'$§ X 25 B # I
cl p C(1,1) / (sum(C(:,1))+0.001);

cl r C(1,1) / (sum(C(1,:)) +0.001);

cl F=2%xcl pxcl r/ (clp+ clr);

fprintf('cl BMEMER N s £, ELF R S £, FIMEN % f\n\n',cl_p,cl_r,cl_F);

2. p = ( )/( um(C(:,2)) +0.001);
c2 r ) / (sum(C(2,:)) +0.001);
c2 F 2*c2 p*cZ r/(c2p+c2 r);

fprintf('c2 K EUER N S £, LXK N s £, FMEN % f\n\n',c2 p,c2 r,c2 F);

accuracy(k, :) = (C(1,1)+C(2,2))/sum(sum(C))
all precision(k,:) = (cl p + c2 p)/2
all recall(k,:) = (cl.r + c2 r)/2

end

acc_ave = mean(accuracy)
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rec_ave = mean(all recall)
pre ave = mean(all precision)

HITEXIAELE R K acc_ave =0. 6385,rec_ave =0. 6385, pre_ave =0. 6422,
3.6.4 JETIREEY2nHk 4

CNIN J& — i H AT Joy 0 3% 42 PU{H 3 = 45 R o 0 T )23 T 5%l 40 T 24, 22 TR B 2% ) ARk
VA Z — A A B R S5 R DAL AR 2 2 ) 8, He A R 40 25 L B AR AR I | BRAZ J 1) 55 45 Fh R
B2 H AR ) R —

—/~ CNN EZEH LT 5 B4 B AR BB HZE (ReLU #ih 2 ik )2 14
R,

MATLAB Hfifi i — 28 [ 217 (19 9 & R BT 58 8 CNN 4028, enn. m ARESUNF

o

]

% BEAKL: (24 +24) % 150 = 7200; $EAE K/ 1% 3(8E— 51 - Lzc; 85 — 90 - /NPEA ; 45 = 51 40 T 4 )

clc;

o°

clear;

close all;

tic

% % JNEEE R %

% NC-— fi#fE P- BH

all datas NC = csvread( 'D: \Desktop\ 35 & & %t \ #1 #F\ 3. 6 I8 & I S\ o1 20 47 4F 45 5\
nonlinearNC.csv',0,0)

all datas P = csvread( 'D: \Desktop\ 5 i & X \ #F B\ 3. 6 £ 4% 45 Jo A0 A5 \ 3 55 4 fiF 45 SR\
nonlinearP.csv',0,0)

all samples = [all datas NC(:,1:3);all datas P(:,1:3)]

% B A T B B, AT AR RE

all samples = all_samples'

all labels = [all datas NC(:,4);all datas P(:,4)]

all_labels = all_labels'

%%

K =5; % K- fold CV

accuracy = zeros(K,1)

o°

A B U IR ) &R 5

indices = crossvalind('Kfold',all labels,K);
layers = [...

o°

imageInputLayer([3 1 1]); i A2, B IE B 4 A height,

s RIS 98 B R E 1 5
batchNormalizationLayer(); s ftmIH—1k
convolution2dlayer([3,1],16, 'Padding', 'same') ; s FHZE
batchNormalizationLayer();
relulayer() % ReLU W47 Rk
% maxPooling2dLayer(2, 'Stride',2); % WfL)ZE
fullyConnectedLayer(16) ; s RERZ
fullyConnectedLayer(2) ; s EEEE
softmaxlayer(); % SoftMax |2

classificationLayer(), ...
1;
options = trainingOptions('sgdm', ...

o

7] LA FH] adam, rmsprop %5 J7

'MaxEpochs', 5, . .. s I RIERIRE
'Plots', 'training — progress');
fork = 1:K
cv_test idx = find(indices == k); % A2 XIGF R k PR g s i R 51
cv_train idx = find(indices ~ = k);

train data = all samples(:,cv_train idx)
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train data = reshape(train data, [3,1,1,5760])
test_data = all samples(:,cv_test idx)
test_data = reshape(test data, [3,1,1,1440])

train label = categorical(all labels(:,cv_train idx))

test label = all labels(:,cv_test idx)
Q net cnn = trainNetwork(train data, train label, layers, options);
¢ testLabel = classify(net cnn, test data);

test_label = test_label'
testLabel = double(testLabel)

precision = sum(testLabel == test label)/numel(testLabel);
disp([ "ML AE /> 28 HETME K, num2str(precision * 100),'% '])
accuracy(k, :) = precision

end

acc_ave = mean(accuracy)
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