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(P BUAL S AL R K2 A stk 24 5% , 7 Bt 211106)

=

W E. EF kK T3 8 % (Motor imagery, MI) #9 s -#L 4 7 ( Brain-computer interface , BCI) 4% R it
RAK, 7 ZEBEBRTEANRB ., AT HEIE 3 AT (Motor execution, ME) 5 MI & & 7 3 69 £ 7, A X

R B —# K T & 42 5 (Electroencephalogram, EEG) Bf 37 3% 2~ 47 69 7 % . i@ i AL E 549 Lk

ME 5 MI st & 5 B, st K 4 69 10 & 12 RALX 09 EEG 238 247 TRAL 22, SF 3 I &0k BUAF AR 1A, G &

M ME 5 MI & KB oh FAALAR — KB hF E2M, 4RI T, MIT A alpha & A % #H %, ME i delta

HAHH K, 5 M4 ,ME F alpha it 2 FTHA % deltadk 2 LA, KABFHRER LN ,ME S5 MI

MRBeENHARLEFN, AR —FRGETMINBCLA %) Fob bt fo & MR AT it Fo B
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Comparative Analysis of EEG Time-Frequency Features of Motor Execution and

Motor Imagination Under Visual Guidance

WU Biao, QIN Bing, WU Xin, ZHOU Lu, QIAN Zhiyu, LI Weitao, GAO Fan,
ZHU Qiaoqiao

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: The technology of brain-computer interface (BCI) based on motor imagery (MI) has developed
rapidly in the past few decades and been widely used in various fields. To compare the brain electrical
activity difference between motor execution (ME) and MI, a method based on the time-frequency domain
analysis of electroencephalogram (EEG) is proposed. The visually induced upper limb ME and MI control
experiments are conducted and the EEG signals of ten healthy subjects are collected and preprocessed.
Then the signals are decomposed and converted into eigenvalues of each band through the time-frequency
analysis method. Finally, the power values of each band of ME and MI are analyzed and the power
differences between each band of ME and MI are computed. The results show that the alpha wave is
dominant wave in the process of MI while the delta wave is dominant wave in the process of ME.
Compared with MI, the alpha wave during ME shows a downward trend and the delta wave shows an

upward trend. The results of this study show that there is significant difference in EEG between ME and
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(NP2020303) ; VLI 48 K2 A A A I 25350 B (202010287208T)
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MI, which is important for improving the real-time and universal performance of MI based BCI systems.
Key words: electroencephalogram (EEG); time-frequency analysis; motor imagination; motor execution;

brain-computer interface (BCI)

51 5

R R B i ol 8 B A I R R R AT AT R G ) R ROk R A, i -BL 4% H (Brain-computer
interface , BCT)FZ A N 7 24 W5 40 . BCT & GE A8 A58 AL sl Sh 3 5 4 22 8] 3 57— > 4 1) il
RN o O E NP = VAR [ NS N R TR e 1= M ) Dl N & o 1 B = R R b L 3 M s aird
Rl UTAE R BCLR JE MR IE 12 18 T4 N800 . 7 40 B iz 3h 4188, 12 3h e i 58 3wl DAfil &
HEAT VR 30 AN, DA 4R e AR O AR F BRE T s IR AT FE B 2 5 B REEA YT b, AT LA S
PROT BB A A A R A G e X TRAT B AT IR B R AT W B A e A4
XKML ERIN, n AT AR g B R g ol T PR R TG 8 T e — Rl A ik
T8 AT, 30 5 JE 4k 13 B ( Thought translation device, TTD K i 2% & 48 1 B L M HLASIE T, 52
PR -HL BB 5 AR W U, B 1 1 BCT RE RS 45 BE G /% 38 13 i e 35 Sl0ke s i b i % 20 5]
1658 HAR , 58 L fAT B A0 U a4 A 21

TE R FH T BCI &R SE 1) 45 Fl ik A% 52 AR, i B (S 5 (Electroencephalogram , EEG ) J& fz & FH Y 7%,
1M1z 3145 4 (Motor imagination, M1) # EEG 4% 5 5 &0 &, BT LT MIB BCI R % & BCI A S i
WY RE T8 3 AT (Motor execution, ME ) 7 B4 358 19 18 B2 5K B (A5 AH B 1938 3, MIT 75 %
B MG h AR G 2 0 IE AT 45 B R R AR R & R RSBz 3. B RTHET MIAY BCT R SR BF
9% F B 0 45 P BB 09— Fh A A RRAR SR O U G S5 A I DA R S ) ek 1 22 A S BEAT R
TIE 45 3, B A% T o 4 T b 485 3 i F AR 5 A AR AR A0 s AR | B i RN A ]8R AE A R DA 4 5 BCT
F0 4O JEE T 5 0 D A T — ol 2 3 A L A SRR AR IO I L 45 SR M E T A G A AR Uy i A
PUIDRS B % g A7 Rl 448 T 35 . BOAR DL B R 45 R e KR 38 BCT I 43 280G B oy 2 B L (L
USSR AFAE TR PR - (1) S 2, A3 it R 40 75 22 28 e K B ) I 54 B 9K 2l BCT, BCT RN B 52 B A7 &%
b it B I ) B S B R (2) R G0 I R 22, A IRl R 2 1R AF A 25 Sk, B BCT &R 481 10 B AL
Hd A e il o H R R AT BB 2 MEE 5 MLk R il BTG DX A7 A 22 etk o A R 903 i D e
T 9% Wi 4% (functional magnetic resonance imaging, IMRI) J5 % % W] , ME 5 M1 i #2 K i 17 J2 12 8 X 17
FEZESHEY . A8 MI Y5 ME B 09805, 112 225 0 R A INIRS & B0 ME 1 M 2 b K i R
J24RE LA VR B AR A AT D), B ME v 3R 31 HS O 7 > 5k i 0] 46 A6 34+, T 78 MIT b I i 000 £ 06 2
X SEHIFFEFR W, M5 ME A R i 8 458 2 A A [R] nT 8 2 BR il 2 7 MY BCTHE A 14 52 I 4 A0 355 4
e H A

FeT LA LS, A SCHE 3T EEG R 5 A9 ME 5 MUK 6 3 A9 497, 8 0 3% 0 T I 15 5 /9 LI ME
5 MU RS2 8, 4 b ME Fl MTid B2 89 EEG {5 5 BEAT 20 0 , He 00 2 18 1 R £ 5 b AR T L &% 22 S
P, S B T MI B BCT 5 G A 55 i 05 5 1 52 A 4 B AR 016

1 LWHE
1.1 i &

S 1% %5 4 Neuroscan 23 7 B EEG 2% £ 1% £ (Neuroscan, Victoria, Australia) , £ 35 6 {4 F1 4% 4 358
A RE AR 430 55 eego ik B K %% Al 64 5 waveguard B I 5 401438 4 €05 eego mylab % 45 4 1 1



166 R EB L Journal of Data Acquisition and Processing Vol. 37, No. 1, 2022

T TR B R 35 S 6 A P F A S [ R A TR R R 4k PR AR G L R A ) .
1.2 REigt
1.2.1 SBEAF

WFFEHET 10 24 B O R (8 15 24 AR % 20~23 2/ ) ik HiL A 5 0B AT 20 B AR 48 22 T R 1L F
BRI A S 55T AT IR SUR IEEIER I RS 5 MO R S
S50 B S 1) W U W S B R R R 45
5 R A, 15 2 B SUNT 2SR R A48 PLE 78 2% B 2
SRR o WOl BOR AR TE — SR ATl Y A L, TE X L i
Jo e, BUHI B FRL IR B 29 50 emo S 56 W5 DA 1)
N S G AR N A AT IE R B . SR TR S
3 B F R T a2 IR B 10/20 2R 56 4 SR HE
W ) FRL B 7, 2 ML T H AR M R
BN VA G 1T RRTIN S VA s M 1 2 T S G ]
BEL T 45 98 55 5 kQ RATF , th e SR B 14 25030 8 2R A oy
o s R R A SRR R I 1R .
1.2.2 SFEEX BT i SR AR 9230 5

SEEG Ay M1 S5 ME W AP, W F L AR B4 F Fig.1 EEG acquisition experiment diagram
PO AR R 5 ZR R (1) ME R B b i 5
WL 7R B, I $5 R EOR MO 3R 25 20 AR 5 (2) MTZOR PO ik B A s B Mg R ik (A e b
WA AF AT

ME HARSC 3 i AR W P 2 7 o SE 90 1 46 /s Bf 1 B 2L 6 s i 4 il , 5 g il 3 R ok iy S8 g ik
T, DA BRI PR B B 14 B SRS 1 B L 1 s Y S (0O A J T, 4 /R i ORE # AR b B AT
18 B AT S AE RIDRE T R, 35 e B A it (7 0 ) 23 1R IR AR 28 5 s 19 1, B 0 2 T (O F) i 47 2~3
UCGE R R R R 2R AT N R R R SR A5

- Bl Nl B RN
) 6s ) ls ) ls ) ls ) ls ) ls ) ) ls )

48 s

6s 1s 1s 1s 1s 1s 1s 48s

- !._I‘_ - !I;m - !I_Ih- -

K2 semmfel

Fig.2 Experimental flowchart

MI S 563 2 5 ME 5o 2 28 B0 4 18] 2, 0 — (9 A [] =22 A A T B 35 7 i (o) 1R B i, AR R A
O TG ) BEAT 2~3 Ui 3 B R 2 ) B MR AT 0 B R Rl A vp 2R PO AR 5 2 B R A
go TR RSO R ACR B S 2 R W) MT R b A R T Eh i e sl RETR
M AR G O 4 2 0 I T, AT L T S A 2 JRO A IR B

FELAT S5 AL S AT 32 A S L AE LA R I B A TIREE T TR TR0,



12 B F .05 5T 0E AT 5 5248 L EEG B 97 45 42 2T )b 5 #7 167

7o T AR5 R BENL T BLRY , 45 20 S B0 AR B 10 min, 8 90 g 3 UL 1A 8 25 52 i S 30 45 0 . 0 & 1822 ME
FE N T, A THERZEMELR T, ATREMILR R T, A THEZEMIZLR R T,.
1.3 HiESH
1.3.1 M K

AR E TR ME 5 M il 1 8h 22 54 L 32 8h B 52 55 T
S IX o M G TR 3 I % 64 3 8 N AL P R B 07 R B
%98 ME 5 M1 i X 4 56 35 30

REJE 12 B AT 5 38 Sh A G ad 72 vh fee A
WBOAR T B2 JBJZ 04 C L Cy A 8 3 A il FiL A 5 R

P 3 64 T AN R 1] R AR Ao s A
Fig.3 Diagram of 64-channel EEG electrode position
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Fig.4 PSD map of 64-channel EEG signal after downsampling to 250 Hz
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