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Regulation of the Beta Rhythm Energy Induced by

Different Action Cues

Zhang Lingli Hao Junyi Liao Yu'

School of Education, Suzhou University, Suzhou

Abstract: The Mu rhythm and the Beta rhythm of the motor area are considered
to be associated with exercise-related EEG components. Although Mu rhythm has
many similarities with the Beta rhythm to a certain extent, there are many evidences
that Mu and Beta rhythms are two distinct components, Beta is independent of Mu
rhythm and is likely to have different psychological functions. For the inhibition of the
curative-induced Beta rhythm, the inhibition of the Beta rhythm may be an indicator
of exercise preparation. In this experiment, the variational task is used to determine
the effect of the cue on the subsequent suppression of Beta energy by using a single
action and combination action to determine how the Beta rhythm plays in the process
of motion preparation a role. It was found that there was no significant difference
between the single action and the Beta energy caused by the combined action cue
when the clue appeared, but the Beta energy produced by the single action and the
combined action cue was significantly different for some time before the action was
about to be performed. This suggests that there is a slight difference in the effect of the
representation of the cue on the subsequent suppression of the Beta energy, and that,

as the time progresses progressively, the maximum amount of Beta energy suppression
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caused by a single cue is increasing. The energy of the Beta rhythm is gradually rising;
and the combined action in the course of the whole process of clues disappear after the
stage are at a low level, no smaller and smaller trend. Thus we further confirm that the
Beta rhythm explains the process of motion preparation and participates in the action
representation in the action preparation process. It also explains that the human brain
can optimize the state of motion for existing tasks.
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Mu T3 FEFI Beta T RRERE N E [ 2]
1.1 Beta PRERIFINTIF Mu TR D

ERZ AWM, B3)X Mu S Beta 1ALZ G FIR A E 52 304
KRSy T AZEB SRS E X Mu 55 Beta i AE AL, {5 1112 SRt
RE B s, HIIZENIX Mu TS Beta T HEa 2k R FR Sy v o X 14 25 R 5
(idling thythm ) [ 3 | o A5 S Mu S5 EEGERRIZ 3 X A Mu 15735 Beta 111,
H Mu 5B VEH J Mu W5 10 Hz 53, 10K Beta S9AREVEH Jt Mu 5
By 141

BARE—E R I, Mu WY Beta TIECARZHMAM T, (HE, HZIE
PaRW], Mu 1 Beta 52 S BA AR 2 SRS o X T Beta 5 HEIARCHTSY
ML K R ERE , 18 31IX Beta W HTEAEMHIMIESIFARHE] 5 1.
JIT LIAR 22 5% F B L AL B AH JC R 58 I B0A 05 T T2 B AT PR R Y
iZFIX Beta 1AL, M S5 HORFAYIE, A Mu 5ERAHDCHTSE A B, WH5T
XGEELRULER, 9 A RIYEILTEPATSITERMEAM A PATSIVERT, A LL
BFEERE, B2 Mu TS HHEEWRERMEAL (6| o TR
PIAWEFE I LR, RIS 8h X Mu 5T S B O3 R A AL B v] g J2 S R
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PARFRHLE [ 8 ] o FFLUSZNIX Beta TS Mu F5H10 & FREHA—F,
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1.2 Beta PiEAESIE T IZDARITET RBVEL

Ep3:Pre-
| Epl:Pre-cue IEpz:Post-cue GO IEp4:Movement IEpS:Hold/RelaxI

WIUTHR = PATEE B sk WL
(E0) (ED) (E2)

B 1 EIRMES (9]
Figure 1 Delay task | 9 |

WFIE BN TR 2R FHAER TS (Delay Task, 5 1) , Bl—MHHES 5K
FWAESs, TRz a5 5 R In Z B A — MR LR LU Apiz sh 5 5 ik 2
K, RAXAAES T LB R GAANZE 3 X Beta 19HAEML [ 9 | o T Beta 15 7E
PRERZAT (Epl) | WREKRZIE (Ep2) . Eaf5 5200 (Ep3) | BshfF
S2ZJa (Epd) IERPUATEINEZ G (EpS) #aA ARRAEk.

VFZE R, TERRER (E1) HBZAT (Epl) , Beta RERALT LTHH
R L9] [10] . 7E Saleh ZE A (2010) (fF5EHh, #ORTE EHATaEZ &
A HEARRER R LI, Haz 31 X 8 Beta 5 E MR I 45 28T 45 AH S AR
RN HTEAL T ETHIRAS , HATE S 55 MG R Z Ak B RE & (1 T
TEPERZ®R (E1) ZJ5 (Ep2) , Beta WWHAVRERTENE [ 10 |, FiERIESIE5
ARMERBINZIG . SREHIHZAN Beta RERAM L, FRKRZIF=EMN
Beta A (10T FAT S HIDRS B (0 50 (67 X 38k, I LT REA s shife s el o |,
XAE T — W TRl . RN RIS, 518 s XA Gy
Beta gt 540 T L FHAEH, Mg TR B 800ms [ 111 [ 12 ] 4R,
XA ER . FLE M Beta R IA T I Z A 5ELD, MR ReE B A h
WIME [ 9], ARRETFHHIRABE XSRS

TERZEENT, BahPdrES (E2) HBZAr (Ep3) , BlEshiAiaaik
2)1-2 %0, Beta RERZMWIREAR [ 11 ] [13] [14] o XFhZ#EATE GO 5is
FFIRIHA B [ 13 | o TESEBATHIBL (Epd) , X TP A,
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I F)IX Beta TATRERL WAFFEAR [ 15 ] o ME 3NS5 1S TESIEHATHT (Y Beta
e & PN S5 7612 ShE S R0 Beta BEELMY T B2 (8] A9 22 57 B TSR AN KIAHA,
Kilavik %5 AR X P EB - F A AR A I T R [0 | o ZEshVEAT 58
ZJ5 (Ep5) , 23 XK Beta 19 HESA —A-W] W04 B 2 145 . AR Z B 52 #F 0 I
# 7 PMBR %, HEXANHEAriaE, —Hkh PMBR L Tz shis 1k 1Y
300 #| 400 ms I HAFL0@EE 500 ms [ 2 | [ 13 | o A< PMBR BYZHREME & A TE
BAMIRE T, ASCEARGE

1.3 BRERXMIZEIX Beta TREVEHIER

ORI RN, PORAEME A BEh R NTA B EAE T T s R 932 shifE & RS
iZ3)IX Beta TWAHWEERIMC ST GFEAL [ 17 | o @AIERIES, P20 LN
XHUESEIZ B IX 1Y Beta 15 REEEFESR /R AR Z IS 1Y 300 £ 500 ms ZJ523H
EWTRE (o] [10] [12] [13] [18] [19] [20],

H R EON — 80t R, 2R AR Z 500 Beta 5 HERE IR — 1>
HWE, LRWEAMYS Beta T HRER M) & MM HIF S, van Wijk A MBS
PR RLR [ 20 |+ 50% AR 100% A%, Hh 50% AL R R4
EWMEERE R, T 100% A 003 R RN S F SRS 2. 25 R AR
TN SES B LRT R THZMIZHIX Beta TIHEER T F%. Tzagarakis %5 A fiff
i MEG %58 TR RIIFEMEXT T2 81X Beta THAIRE IR, 45 RAMLER TS
MBIV {5 B IR E PERR S B, G2 2 X Beta ARV AB IR LSS B2 10 T %,
RZIRE 119 ] o MR, Williams 55 A&, FMKIKAZ T Beta 15 A 7ETC UL
PEG BRI R G 2 A FU MR B 7R 77 4 (1Y Beta BEEA B0 BN B0
JE 121 ] o Alegre S Nl EEG BORWHLL T R RV E HEXT T2 3 X Beta 15
sz (1] [12 ] o REI YIS NESAAMRMETN N, 2355
BEIX Beta TEHMHISRADEEIK . BT LRI LGER, Eil, 25
[X Beta [9fig 1 FRE AT REZ SIVERERIOTERR [ 16 | o BCE UL, i28)IX Beta T
AT RE BB T 5538 S A A DG IR GE IS B X IS R EE R RN [ 22 ] o
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FT_E S SCRR Rl BRFATT R 21, s shifE s RSSO B AL e 2 mT L
It Beta YAV MR B, (B2, AWz shifE s — M TIFZ AR
IR RO B R A A2 20 B O BRERAE , FE IR . OB | S RISE O 1.
G HFTHIPTTE EZARE T T8 [BEL R EVENS Beta BEGIHIRZN, (HIEH) 2 Y
A H AN AT REN R A W2 A . B0, ABFFEERM Beta 5 HAY AL AT
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THOLT , RN X A2 BER Y Beta ARG, 3X W] Beta T AN HIA T
NVENES R s kB 72 [ 13 | o {HJE, W1 T Tzagarakis (A58 11 Beta
TR 2 AR AR DT RN E BT OO T, XA I A TG i A A
M BVETHRIA, FrLk, JET3X— s, Beta TEERYMEIE A B 1 ShVETHHRIE
A REE

53 —7J7 T, Doyle 8 N (2005) 7EHAMEFE b IF A K B 78 2 3 00 1 1k
S T IRAEIE B XY Beta 1A, RIHAHE 5 AW E IR LRI A LR
Beta BERAUMIGIZAHBIAY (AR o Frll, RAETRRGEIE SIX R R AL
() Beta BEI M HIAATE— B0 ahie, HERWIBERSCRIA G, MH, BT
LRIFEMARNE, RARRL RN AR 257 251k Beta AEREAY 2257
A7 SE XA R AR SRR s shah A ek, ER TR AR Beta fE
TR AYREAR T HRIE B 157 1125 A4 TR R

1.5 ALK BHINRINELS

MULERSCERER i, BT TATEZ 31X Beta 1A AT BE- S5 S01E RS AR —
AEE I REA I IR T 2E— P ARTE Beta T RERASALAYRZ IR 2R LK
HA KR A, AR bR I IRAE 55 1972230, P B AL Re
S E R A B s shah VR D7 15 SR /R R, (45 A sifE AL & sh k.
A LA S ERA G S MR, IO 2N — D HUT sl fERY 3R 5 1
AR BIRZR R . S IRITSR R R X B 7 2 1Y Beta RE T 1301 )2 0 12
I, MIMEHIZE Beta T EIZ ShER AL B FP s BRI — DA (0.
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FET I8 H i R Ar AOTFE, AMRDBE, ZRJ5 19 Beta REHEAY AL L T 5)
TEEs S e PR RIERATR, BIEL RN BR, PSR SHE LRI
KK Beta figtm WA 225 . IFH, MBI HRE LMD, Hrb, RALER
(12 ShfE A B D, RIS G | A Beta AEE Al ) fie BB B
/N, Beta THEZEL LT MG shfERcA 2, RIS s sl fe v
LRI R G BT BRI AL T — B IKF, B ORI

2 FHik

2.1 BB

AN 12 BN (45, 19—26%, M=219=+1.7) . #il¥ R %
55, LLA BRI Er i A e TS50 . A B R IR R A R 2R A
ST S5 SR G R —E AR (2935 ST ARM ) o Fraga AT
IEH B IEM I IES o A S ABER LA AR SR i 29 5 R SE 8 A N2

22 HEWESIERE

FIHEATIY, Bl TE 28 BT BB (Dell, Inc., USA) ZHf, SCEFET
(25 AL IUE T 2T Python 19 R S M &R # M P67 (Stimulation
and Neuroscience Application Platform, SCCN, Christian A. Kothe ) . #iRfili 64
5 actiCap HL M IEIC 5% EEG ( Brain Product, Germany) . FA73E actiCap AYIE T
PAT TS, TEFIRARR S % il S M r A T 7E 37 R FCz Al AFz. Ry T3k
7 FCz Fl AFz XIS R MRS, AT S 2% B AR R i i A 4 22 S 3 ) v
S 5 mm 7 EAL, B IR Y27 R AR I R AR L B RS R FCz F AFz,
KRS M B A A LATE KPR (HEOG ) |, TiZ2iR b A & i
WLhieREEIRA (VEOG) |, WiHL(E S RRAES 500 Hz, 7ESCIRHIRTT, @
T T F R B AR A 1 S B R AR A ] A BB RREAR 2/ T 10 k Qo 58
¥ 1t Lab Stream Layer (LSL, SCCN, Christian A. Kothe ) 3K [RIA4 R T Y
A5 R 5N 5 i Pl S8R
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FI i HIRERAT S5 ( Delay Tasks ) (782X, BT HWER T 05 AT AR
SEIMSLIY o PR S A WL 500 ms YR, ZJE 5P 500 ms FIZEER, &K
NS R gORZ G R B S E, LR A" “f7 7 #iknvHE
VA AR, ZE8iFom Z S5 AR MBS N, A 8k RoR Z 5l
FARA MR, 87 Sk FR Z 5 BRI AN, Bla Il T 2 R BR B 8 A
LRI NP, BHARD Ak, WRIAHIKZ 5RO —IR; A4
RIPAWAG R, WRMAPHLZ 5T RN, FeRIEL R E R b7
SR, PR R E o R O E Sk R . R EIEESA 0 ~ 500 ms Y
2B, ZJES3EI 500 ms AL, RS TT R S T EWE R, BlE
DA I 4 R BT R TR B VE BN, O HLROW AR B PR, 5 52 i
W, W2 BoR SRR ZhE, 2 ROV RIS A A SRR, TR B RN —
R, R EDE R, KR SIS 2500 ~ 3000 ms, 7ERSE IR
PR AR, ZJE &R 1000 ~ 1500 ms (9255, FHIEE —ANE, Bk
[FIRE R ZEAR R R A5 A SRR N, Z SRR A, i Ak B 45
WG bR L AR IR S, RO BE AR B 2 i SRz 1 2
JOE I I K SR AR B Ay S A (R, S =2 IR o SRt R 2 L ] 2 ] 3

2500~3500ms

2 BAMEEHRER

Figure 2 Experimental process of single—action conditions
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1000~1500ms

3 HEWEFHREE
Figure 3 Experimental process of connected-action conditions

LHA 6 AR, 3L 420 MIEFGAI B 60 MAUCH— i, Hrp
A 140 MR T E A TR —IK, TR ZEaER a5 E. A 140 MKk
e A TSR RO, WO A R EE SRR 55k, HA h TE 56, Bk
B WA 1, BRI e s b, BN BT 20 D TEJR 2Ll fE
AR 20 A JREEIER AR, 20 DIGSRAIFRYIRIR . HEATREY
IRUMIFR FHBELHER -

F1 XEEHEE

Table 1 Experimental condition settings

MAEE  HEE ToRIRIK
SIEZLR H T ey ET & A
s 140 140 35 35 35 35

2.3 FIELEBRIST

M TR PATSIVERT DT T B IR A SRR RS, AR S 3 Rl 43 114
IS [E) 7 AR XA o S I A sl A T4 o ) JC I 2 sl A P E Rl
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P S AIE 2 BRI B AR A S g VE S8k . T A AR R B e B i — I A
FH RN 2, L —750 ms Z —500 ms AU A B 76— 40 BE. i TFas
X Beta WHSZEE SR RATAR] [ 11 ], Wi R URAE I TFUR A TE LA H R
B4 IZ 3 [X Beta TIHERE R AL O TP AR AR, PRI B B PR VA A
AR SRR R FR R B Be . BEZRI —750 ms 2 -500 ms, MBS0
B, B2k B B AE R 5 ik Z [ A IR B B . 43 B ff FH EEGLAB w1y [ 3))
ZME, T 800 w V AIKYUCK B BR . 2 e 1) BCHE R AT N s
2R ERSP. SEFHIRLE T Beta WHIIEENIR, 12 811X Beta 77
BHC19 ~ 22 Hzo

R T 5% Beta 1A I R HERR A AR AT L, K AN SR SR S 4G B A
FAE P AR A 0 140 MAUER T B = AP B, BB — B EE 1AMIR B 5 47
MR, 5 B BOER 48 MR RS 93 MK, 56 =BrBONER 94 MR RS
140 MW, R T B 1k M TR (s, b BRI 2 e R o3 B i
i F] EEGLAB i H 8250, i 800 mV AIRUCH 1 LBk

FESA TR WA F R b, FRATECT A S AR [ B 25 B,
B FELR R IO E T, R R IR T AR P B A2 7E T A iy
S5 AN TR S B A B ) S A XA L, FERCRERIE LT, RATEH—A
SRR B R AR 22 S5 fi R (4 N Tva] s 7 AL e L B B ) DX FL T (EL P
NBEVLEF IR K, T REAAAE IR ZE M FT RE, FRATIABC T 268 b Bt iy 20 b7, B
B RS AN . MR, SZBEMLAE A BT ] 52 00, i T2 2% B A% B ) 5t
SARWE, B — IR P XA R, R 2E SR S R A AR R
AR DR IET L o JIT LA Ry T R 0 A SR SR D P T DT A5 38 et 1 2 505
AV T AT LERAME (Timewrap ) MRVE, BINTELRRBIMOIE , K4
A NI AR B BEPL -2, SR 55 2 T 7 Xt o] (858 i B, R RE
BB 8] 2 S5 AR s A T A R 2 5 o S8 IR A A T =X, (A5 S A 8]
HLIN ] (43 A B AR A — R B AR A I ) R B AR A5 — 3, B R0 it
REXTFE, AATTFRATTAT LA S 5o v 1) 25 5 K B TR] X3

MGeit b, TR SR A BT 55 B BOS Beta T HEREEL AT, B ek
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FrEEMESS B BEf AN RIZE R DR AP LU, H BRI RN Beta e
RSV L RAA A AR AT S5 B B SRR OB AN R AR DAL 55 [ B
1 Beta figte, AIMHIE AR UL ZRIL Beta RESE A IR B2 1 B0 22 55 (4 ELAR T ]
B o FATRZREMBL (15 2, BHEEN 0) BEMAHA (142, RSO 1.25s)
X —BodE (R0 ~ 1.25 s ) A RS )b AT 7 4% A5 1R8] B P BCXT HEAK o
Ko, 2 BT ASE PRI 18] 2 BN AR E LR R, 2t TN R Rt E
S BUE AR AT EE, B DA REREIE R A A S A AR T B3 T 0L
ST — ) B

3 &R

3.1 ABELERXS Beta BEEBNETERA

WHTSCRTIR, ARFFEE 2 H AR R ARSI EL R E TS5 beta 17
R AR AL, DL RGX R T Re R 22 S R R BB, BRI, FRATTX T
PR RFMT, WNERRIMMBNLERINER, BRSO K 08 i B
(0 ~125s) , HMEE TLRERCTIHI, HIIEMAKAT XA WFR 5 O Y5
ASSRAE ST TR ¢ RS, AEIRERI (15 4A) , PIFPZRRFEMET, Beta 15
BERTE 0.75 ~ 1.25 s IXAW A N IA HRAE R EEE BB 2R, HAE3)
VELR R 5T Beta RERAK T A SNELR R 51T Beta B R; p<0.05. N T
X XA B ) B B SR B IS B — R, AT PSSR 075 ~ 1.25 s XA
B[] 2 N beta B9 RE IS AT -2, KPR Y KB i 25 5 5 ¢ (11) =2.98,
p<0.05, FIRZGEIFRY], S, LR IT IR 1 SIVER B 235 1 beta BER Y AZ 1L,
(EIRX AT A L EAER R B BE (0 ~ 0.5s) , WA HIMELER
HEME, EE B ZATREIE (0.5 ~ 0.75s) , Wi i B AL B
ZJE (075 ~ 1.25s) o XTRERM, Bl shfERE & R AR A LIS A TR
. (HARERRIE, W50 Beta TR AR fUIY 22 TR MR (0.55)
I LR KA, [HEBERAHI (0.75s) AIRF) T REKF-.
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F2 ARLKELEMHT beta EEMZEESR (dB)

Table 2 The overall difference in beta energy under different cue ( dB )

0.75 ~ 1.25s
Mean/SD t (df) p
AR -1.64/1.29
> 298 (11 013
HAEBhE -2.10/1.36 98 (11) 0

RS PSR A B PR R L B T AR ] 22 T B A B R (R
A BB IS RE A IR TR A 25 S R 7R LR A AR th g W L B, R A S
Tt At 2 [ s BIROR [ 2 22 B A Sh T AR TR B e 2R A . ek
AT — o AT S BT . Py G = A BERXE AR R AT Beta figh
Z I 22 5 04T T PIRICXS LA G . BARERAE D S ATIR NG F3RTE O ~ 1.25 s
BTN, XA RAE S IEAT P LA T kAT o B55R A, IR R,
FESIRTASL I, Beta MABEIIAR KM BEM 2R (<48, [H4C) o H
255 FEAENTEE SIS, KR EE 075 ~ 1.25 s, BIVEALSH BUAT 2 300
SIHRZEP=AET BENZES (F4D) , HEaEEEMRE, FRA5sER
£ Beta RERAL T A SIMESRME, RIMHTESRN) Beta REFINH] . X —25 550,
LRI RN Beta gt 1922 IR 7E LI R b i L WoR ik 225 . XUl &
A ENVERNTR BN AE Z [AE SV EHE A I BT AAAE B HE 2 RS 1 25 RO R — A i
M A BN AR R, WORE A SRR E SR, HAIERIT R B fEE
il R G AL R PR I — 252

ERZEM, WOTEANERE, EEF0EIE, MAZLR KR Beta BEREY
2R RTIE T A SIESRME T Beta BB FREMIB/MERL, B2 H T4 G
FAFF Beta BEi FREAIEINE LY ? WL, RATARILESZM T, Beta BERY
TEARME 55 B Be B A A8 T 1 —2L 43 #01 o
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B AERHMSMRLE

— B
2 —HEAE

Power(dB)

A ﬂﬁﬁ‘%#xﬁﬁﬁﬁiﬂ’ﬂ%%ttﬁ -3 -0.5 0 05075 1 12515

Time (s)

3 e
—AZHE C 3 — A ENE
2 —H 5B 2 —ABEAE
g' g'
s =
2
&,1 \ %_1 \
-2 \A 5 y\
E -0.5 0 05075 1 12515 -3
Time (5) D 5 0.5 uTime(s)o.s 075 1 12515
3 s
—PAFHE
2 —EAHNE
g
g .
¢, N
-2
-2 0.5 0 05075 1 1.251.5

Time (s)

E: A&D R E XA X — BT A, EANES BEDEEHEAN TS LA EFEF,
4 BUERBANIBHEFAFESI A1 Beta BEERILLE
Figure 4 Comparison of the Beta energy caused by the two conditions in the

overall and each experimental stage

3.2 AAZRFHT Beta BEEFEARHESMERINEL

A B3R, AR BT R A — B Iy (B O ~ 1.255)
SIATEPIANRRSFNET, WA HERAE A ERT. B, 5 = Hr B Beta fg
AT TP R, SRR, (UERAEMERMET (K 50) , HATE
693 ~ 817 ms, HPEMLAHBL (0.75 s) 2245 B 1 SEEGHTH 5 5000 5 W A 1o 2
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Figure 5 Beta energy changes in various stages under different conditions
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