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A Study on Consistency Between the Repetition
Degree of Movement and ERD/ERS of EEG for
the Computer Interface
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ABSTRACT

EEG (Electroencephalogram) provides a possibility of communicating between a human and a computer,
called BCI(brain computer interface). EEG evoked by a movement has been often used as a control
command of a computer. This study is to predict human movements by EEG parameters showed
significant consistency. Three undergraduate students were asked to move both hands and foots thirty
times respectively. Each movement consisted of single and three consecutive movements. Their EEG
signals were analyzed to obtained ERD(Event Related Desynchronization) and ERS(Event Related
Synchronization). The results showed that ERD and ERS could be used as a significant classifier
identifying either single movement or repetitive movement of human limbs. The number of repetition of

movement could be used to various control commands of a computer.
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Al S8 & 5 vk
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E 1.1 0|SET K= O|3ET0| /g ERD &H ok second
S1 S2 S3 it
1% =k 1% =] 1% Sk 1= SEE]
olsRE | olgWE | olE¥w | ol%WdE | olFFd | olsdd | olFHF | oledw
©=213 3.4 3.3 3.4 3.3 3.7 3.4 3.8 3.5
=213 3.9 4.3 3.8 3.3 3.6 3.3 4.1 3.4
1} 3] 3.2 4 3.5 3 3.6 3.2 4.2 3.5
© =233 4.7 3.6 3.6 3.4 3.7 3.2 3.9 3.7
=233 4.4 3 2.9 2.7 3.5 3.1 3.8 3.7
1}33] 3.9 3.1 3.7 3.4 4 3.2 3.9 3.6
it 3.9 3.6 3.5 3.2 3.7 3.2 3.9 3.6
SD 0.56 0.52 0.29 0.28 0.17 0.11 0.15 0.09
© Zoll &, & Al FEstuAl sk v ZRefx] WAl 9)x] JRE 4 S3S ul YR = 9l
E=20] 3571 ol A BAZE QvbA BCI = e}t auE Dol 9es onsh= Aot
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o= Btk a9 4= F 5 & W TR o7 FAo WY (S FgskaL o] FHPOR
2ol 13] 9} 33] FzHo] BE dlolEE Hwd Ayt R 52 duAd BdEE HE ERSE gk
ojt}, of7|olA] ®w o]FHHAl Hul ERDS ¥  F3 ERDZH-E #Ek ERSU}X] 298 AHS F
godo] nlste] HE olFH ol 3 Hoj ERD #  AHoz13] ¥ 33 2% T = e Fo |
F goo] FopAa S & ¢ Stk o]A2AHT 2 e At
ERD-ES] #abo] Zopd oz m Hwy gakst 5=t 9 5% o] WFE ek S sk ok
oA WA AFS FAs = QA skl Tk of7e] oJ7]elA] wlElS} gho] Falel wlske] ol 7] o
A ERDE Ao As] #1342 thadh el 24 544 105 st fuke] $4]9k 5
z 3t FOo R olF 7] SGith 1A B dut
v} ERDO] Hats 7502 F2ox] vl A HS
ERD()=((R—-A()) x100%) R FeHA w4, F3 ERD FHugkollA E2Holx]
(1 AR G712 o) Fshis Az ol I A=
R=919]9] k7) =9 Ht 17450} Q7] e Ha ERD Huhzkd ol |
AQG) =R AEe =9 3k El ERS HUg7tx2] A7k dolEs F4lo® Hlw
T2 S Qo
ofeflell AAIE % 12 ZF 9AgA H ERD 9 T3 Wl ERSE ARESHA] ofyshal whes] <uf
o] AW ot WislE Hol=3 gtk A 3 ERDE A&GHE AZF HolE 7Ee R 4 3
S1, S2, S39] ¥FHAx}F SDE B 3% EFoAA  FE RS S Qvy 28 594 H3 ERD7F A
1% o3+ wro} g& o]sd el oA 7 g ko] 0.00020]8F=2 743 $of thA] 0.0002% 3]
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E 2.13] & 33| 5% ERD/ERS A|ZHHA (SEQ| X2 71E) =l second
S1 S2 S3
13] 33] 13] 38] 13] 33]
= & 2.6 2.1 1.6 1.2 3.3 3.3
Session 1 HZ & 0.5 2.7 -0.7 0.9 1.4 2.9
H} 0.65 2.5 2.9 2.1 1.2 0.9
= & 0.9 2.6 3.1 3.8 1.6 3.5
Session2 | #Z & -0.7 1.7 2.8 2.9 2.6 2.6
u 1.3 1.9 1.6 4.6 1.9 4.1
= & 0.2 1.1 3.1 2.3 2.9 2.8
Session 3 H}=s & -0.4 0.8 4.5 4.2 2 3.4
H} 0.8 2.6 1.3 3.4 0.7 1.8
= & 1.2 1.8 1.8 2.9 18 3.8
Session4 | #Z & 1.3 1.8 2 2.65 0.9 3.2
u} ~1.1 1.8 1.9 2.9 1.3 2.7
= & 3.3 2.8 0.8 2.9 1.6 4.3
Session 5 HZ & -0.3 1.1 0.3 2.5 1.9 2.8
H} 2.1 0.9 2.1 4.3 0.6 2.7
Sz & 2.2 2.6 1.1 4 2.3 1.2
Session 6 H= & 1.8 0.6 0.9 4.1 3.6 1.9
u} 1.8 2.4 0.1 2.4 3.2 3.6
0.000045 met Ald @2 Ftsh At grolth 7 gES
0.00004 gi'ﬁ\%g%lﬁ - ¥ ERDZHE ek} ERSWWPJ ks 24_015 )
2 0000025 —_7,6\ /'t [ 2T ERD/ERS %}*ﬁ AL Eﬂﬂ qwx%oi m S
E 0.00002 .\\-"Fj_// _Ejﬁf’ of vlste] 33] &=k A9k vl AA ved s
0.000015 —pr—c 2} —qgER | & B 5ot ST 7 BE FM 25E U
0.00001 1 ;@I % X ERD: ERS —%LM; -2 Welyl ERSEYE &utsal ERD7F vsell wF
0000005 i 2 S 33l SH
o [_LEEE 20 RIL | g 392 onjshe 2oR, wol= P
1 {f,fne ooy Sl U= E40% malt,

18 5.13 ¥ 33 S=o 712 o7]e4 13] &R 33 F2ke 9lejA ERD
ZHE] ERS7HA] Aash=t] A9 A7to] & ¢
= % 183 = S1: 14/183], S2: 14/183], S3:

&8 = 3ok 15/183]1 2 setwglek. w94 71e3s Ad9st
3 13](183]) ¥ 33](183]) &< TEHE W

3.4 SZ 3+ & HEo SAH AL eA= ¥ S1: 11/36, S2: 9/36, S3: 8/36% e}
A, @A 30] 744 ket Ang eyl

obgfl & 2+ A WA AE REI QUrk= X 32 AyeA a1 e FAAHEE o] &35k

718 stell 2o A] WALQAE FH ko] AIZE Ho dojzxl Az gholth o7]olA = 2R AYLIA|

= Akst Aoy ZF AAEE F2F B4 Ul Sl = FYsh= 499 €7 ERD/ERS AlZF dol7t
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S1 S2 S3

13 33 13| 33 13 33

5 & 3.4 3.1 3.1 2.7 4 4

Session 1 = & 1.8 2.5 1.6 2.9 1.8 3.4

u 0.9 2.3 3.4 1.9 1.9 1.9

5 & 1.1 3.2 3 4.1 1.9 4.3

Session 2 35 & 0.9 1.8 3.2 4.3 3.2 3.6

u 1.9 1.9 2.1 4.6 2.6 3.4

5 & 1.4 2.5 4 3.6 3.3 3.4

Session 3 H}=s & 1.3 2 4.4 4.8 2.4 3.8

u 0.9 3.7 2.7 3.8 1.4 2.1

5 & 1.4 2.7 2.9 3.3 2 4.3

Session 4 H= & 1.2 1.9 2.6 3.8 1.4 3.8

-ls 0.8 2.8 2.5 3.9 1.9 3.6

5 & 3.7 4 1.3 3.4 1.8 4.3

Session 5 = & 0.6 3 0.7 2.9 3.1 3.4

u 2.1 1.8 1.9 35 1.4 2.9

5 & 2.4 1.4 1.1 4.3 2.6 1.7

Session 6 5 & 2.9 1.9 1.3 4.1 4.3 2.5

u 2.4 3.4 2.1 3.9 3.3 4.2
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H 4.13] 2 33 ==t ERD/ERS A|ZHZHA Paired T—Test
Bt A T Folm
13] 16 364.8235 .
S1 ,] —3.09009 0.003322"
33] 29.88889 132.1046
o gArd 13| 27.55556 405.085
Trigger 7% S2 - —4.01875 0.000445
7% T—Test 33] 4761111 290.134
13| 30.72222 197.8595 .
S3 - -3.23375 0.00244
33] 45.72222 223.1536
13] 27.72222 215.5065 .
S1 ,] —3.20773 0.002581"
33] 40.77778 139.3595
A 13] 39.05556 267.1144
Trigger 7]# S2 - —4.29626 0.000244
7% T—Test 33] 58.44444 134.6144
13| 39.27778 204.5654 .
S3 - —~3.26411 0.002285
33] 53.77778 172.6536
3 13] 24.75926 351.2051
S1, 52,53 & & Trigger i —6.05536 | 7.39E-08
74 715& T—Test 33 41.07407 271.3529
S1.S2, S3 £% Trigger 13| 35.85185 233.6758
. _ —4.68732 9.87E-06
71#] 715 T—Test 33 50.5 232.0283
“P<0.01
AR AFA Ak vPHE V)& W (7] e L FE TE T e o
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vbd o] Welub= 13HzolA 30Hz7HA 2Hz9HY
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