B RIS FR B S S IS AR AR & S IR AR SRR I

YA Ft B &% 69 35 SR 55 B &
78 ﬁl%%/\& 3!5&}\ P Rt ] 5

— PG
IR RN HE YRRt M NA AN T E S e 1 i E W )2 G 1SSy -l kv
EHEE AT - R 2016 FEEFE AR DN B AR ORHERE AT 5 - B
SERG I ABH S M HE R AT DASRE SR ANERE 2 K RS HR B T E AR MR R L -
2020 4 - A ;iﬁA7\E§?§T§15*T5EnEﬁ§ A RS 7 — W] F R T % E B
T/ MR s A s I e A 2 BA AR S SR R B A% (Holo-
Hilbert cross-frequency phase clustering, HHCFPC; Liang et al., 2021 ) » I+ E]
T e I A S it S Bl 25 R S I D RE Y AHRA 1 - 6 B DA A R 3 E IR AT IS
RSB EME 2 o K - ARBAY E ZE AN e S AR i i IR &
PRI RS MR - AR B EBERIER ARSI 3 22 BiEs e 7 = GEE -

B ik M SERLE oL Bl VA A S

TEAEVE B AT AR IS BRSO BRI T R B RN, FRAHTE RN, » ARk
HYFS R ST B WU R R ISR (brain oscillations ) FEHIAE AN R BHEK
H/ FRATIRE B EHE AT o IR - SRR Ik Za B RE B Y BB 0 A
T3k (P - B EER ~ /N AT ) BRI —RER ¢ SRR B S RN RISEERY
] TE SR BRAVER AL S TR © [RIB » 38 284537 715 HE RO (AR M S AR B3
R DG REFRISOR » (B AT R AT IS T R SRR S JRRS RB R i (A
Bt PFraEd R R B R R R N B R A B IR e A AR Ry - 4D < AH

* .Jtﬁﬂ%ﬁ PSR S AT RIBUR AT =

UORRMEE ~ WL DURRGLEERE T 2021 FREHSE ¢ DIa B AT R S RS IS AR A A S TR R A
JiSHE =24, , (Using Holo-Hilbert Cross-Frequency Phase Clustering to establish efficient protocols of non-
invasive brain stimulation ) ©
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FerLfF ) o 5% (Norden E Huang) fgt: 1998 FEFrHe HHUFRESHRRE /3% (empirical
mode decomposition, EMD ) &% H #5747 (adaptive data analysis) 5
% REE R RN SR o i fe 1 A BMEAE R G FRAE A B B RE pA Y (intrinsic mode
function, IMF ) » [-RFIEY IMF R EHGERE T I ERGRAE A RN RS ERY 3R
AR (G AR MR BRI ) » 5 9 — IMF 177 BB FF 4% (Hilbert
transform ) HI[0]ZE 4R 3% IMF 1E4—IF[ES_ -AYWERF SR (instantaneous frequency,
IF) MHRIERE (amplitude function, AF) 35§ EMD JjIl_I~ Hilbert transform HJF2
Fe#i i Ey s B0 =i (Hilbert-Huang transform, HHT ) - fFfER] = HHT By#5
DSl S E T EFEF SRR (time-frequency spectrum ) | o Bil{i EIBERAM
7N S M SRR T iR P EE AL IR SRR B AH L - HHT RURS SR B AR S r IR AT
JE SR RE R IR ERGR R FERR MR R L - S = I T R B R B H
WA R R FE T S RS0 43 (time derivative ) P15 » A RIHFMERE 7L FE iEm
&> (convolution integral ) FTJESAYFEE -

2016 F » F#5E NME— DR T 2 A WA SRR 2 87 (Holo-Hilbert
spectral analysis, HHSA) J7 1% » 3% i E H S v i A BH SN AfE B DL 52 3R e
(amplitude modulation, AM ) sz##48 ( frequency modulation, FM ) BRI RF 1L -
AT LU S5O AT B AR SRR I S FRAR RE R 1 - HHSA WS RGN — /a1y
TERIARE S » H5L » 53— EMD @ E4A L HAEERERK R (IMF) HUHikEK
o1 o Rt B EBEIE3L 1 * ( Direct Quadrature, DQ; Huang et al., 2009 ) #1545
flél IMF R RFER (IF ) FOfRE S (AF ) - HHSA BYJERF Z PR AT H# IF Al
AF WIS HETTEE g iy EMD J3f# - 1€ IF Y50 fS EIRY58 g IMFs fE 5y
F5E (FM) » € AF BY S22 g IMFs BURERIE (AM) - fxf% » HHSA
KR ERIE EMD FT#fSpra ki & i EoE Fe— B e I ~ #pssR - DUk
A0S FSESEER TR RO =22 B0 AM/FM ShER53A - 43 AaElE 3D 25
7 AR S (GE R —) -

FLIS HHSA HIRAJE RUAR BRI RE ST » FRAFTHY 2020 FE88 R T — RS SEEA
MRS AT Tk © R EIGEIAR RSSO R EEHERE (Holo-Hilbert cross-frequency
phase clustering, HHCFPC ) (Liang et al., 2021 ) - HHCFPC J&5:{¢ HHSA 153/
JE AR B RERK B (IMFs) WYAEAZ » P35 H BE0E Y AH A7 258 (inter-site phase
clustering, ISPC; Cohen, 2014 ) B iEEEM15%] - HHCFPC &3 —1{ EEG/MEG

> 2009 % o w582 (Norden E Huang ) B 4255 DI EH #21E A ( Direct Quadrature, DQ; Huang et al., 2009 )
HUX Hilbert transform FEFIAE— IMF _E DU S ERERIRIFAR - (HEEE 0 T8 R A B AR ot
# (HHT) »
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SEGERVER — 4 IMF BUAHALEL S —SHERYSE g IMF (¢ H A FERYEE — & IMF (48
R fAAT—4HIE ) B AF MEIms ) BURAALZ R T RINZZE o i — TR AR
I fEIA RS (18— ) o HRHER 2R ML R 0 W I A A B R T AR I
1 o SR R 2 FIRF R R (BIEE g IMF's ) RYBRIRFAE AT bR » PR HL B —
IMFs FIREALERS SR RS &5 - SR DU RE o i R R R R FEAL -
A DLHARE hRE M SRS Y JT 2 — Bl

Holo-Hilbert cross-frequency phase clustering

Instantaneous frequency (IF) of IMF3 Holo-Hilbert spectrum (HHS)
Example data 30 _
-1-500 -1000 -500 0 500 | -1500 -1000 -500 0 500 g
IMF1 g S YL EMD oo | Amplitude function (AF) of IMF 3 2
IMF2 i D P €
[TV =2 PP Sy 0 ‘\/\r/\,\,\j\/\/\/\’\_/\/\/\/\\/\ E
IMF4 -1500 -1000 -500 0 500 PRNED,
IMF5 /\/\,\M\M Second layer EMD on AF of IMF3,7 "%, %%.
~ 4 %,
IMF6 NN IMF3g-1 oo A e
M7 ! iF3g-2 .
IMF8 Rt 0 S VASNVAVAC VAN N
r IMF35-3 of% « Pphase clustering (HHCFPC)
41500 -1000 -500 O 500 | IMF3a-4 Tor e\
Time(ms) 1 IMF34-5 - - e-"s,.‘s)'a; h
NN
1 iMFag-r Ry, Yop
a Y
78 BetaAM phase
-1500 -1000 -500 0 500 %
b e e e = - I %,
Theta phase (first layer IMF 5) %, ’0/6 ”o,é
Frequency distribution of first layer IMFs
2 o4 — zmid-frontal 1 2 3
=V 99 <
§005 DI»’ 2Im-occipital 4 | 5 | 6
Soos| s
L = N LN\ = r-parietal | 7 8 9
255 1 2 4 8 16 32 64128

Frequency (Hz)

& — : 2EAE ORI (HHSA) B4 B4R R S A A B AEMi& (HHCFPC)
TN o HHSA HYE R B — 1 f g AR B RE 4% (two-layer EMD) Wi #15
—HH R AR I AN B R RE R B EE (IMFs) » 2R%% - HHSA H52K H Wi g AN B 15 RE pK
RN ARG ENGFGE R — e AR R ~ SRR » DU SER AT iy =
feZ2 ] R AM DJER5341 -« 1 HHCFPC 2 5E1¢ HHSA 155/ g A E R REpk B EE
FIRERT - FEREHRARE IR ESSEAE AL 22 5E (inter-site phase clustering, ISPC) BIAET
a2 (AU BB H Liang et al., 2021)

=~ IR A MRS R 8

FEE A ERSH 1 (non-Invasive brain stimulation, NIBS ) f& &5 12 38 FHEZR AR}
B IE R — RS T B o SEREIIE ST RRE IR ARy T =R b, B A
R - SRR AN AR B T R OB R IR SR B 1% - FER ARSI
FE 5 BHR R ( transcranial magnetic stimulation, TMS ) Hil 75 8E B8 |34 ( transcranial
electrical stimulation, TES ) — AFEF » 3 H 245 H 74 H AR 7 E (protocol ) e
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B+ PSRRI 53 s LR ET S BAG RN (single pulse TMS) » B8 E5 BRG]
4 (repetitive TMS, rTMS) » DL K = A8 0 Hk 77 =X #5 B 194 1 3% (theta burst
stimulation, TBS) » M ESEEEREHI A4 EEE A L E R (transcranial direct
current stimulation, tDCS) HiFEEAA i B H] i (transcranial alternating current
stimulation, tACS ) « F3 » TEERMER - - DL ERTEE Sy A R IR A TERS
RET AT DAAEIR 2 BB e (BIaN « BSERAS BRI RREAESR ~ 58 ~ {7
B o B I B2 E T ECR A RIS © e B - D
Je— LR L BB RS SR SRR IRER - BEAR FORAVIE R AR ISR 2 BnEE
TR HARE - SRR R EE LUBEREET %343 (trial and error ) HYIEFE -

FE=% HHCFPC BYEEHH » IAMLL HHCFPC At 28 3R 04 3 B 14 i e o 7 120
T R A EENT IR A IS H i ( Non-invasive brain stimulation, NIBS ) 9228 (4]
A1 : AR ARG USRS RYAEERAIERES ) S TEHISTRBSAI RS R « flan - feii s
TAFCIE/ESE+ HHCFPC BUR AR JHEE (right parietal, r-parietal ) I|FH#REH
%% (midline frontal, mid-frontal ) %] theta ¥H{\7 -beta AM F&A 2 TAECIEAIES
FELIREMEAS o KIBL » AERrVIFE ARSI 28T DUE = IR A MRS EEAL
TR RE (tACS) F5= : (1) 4 Hz theta AC {EFIAE r-parietal ; (2) 20 Hz beta AC
with 4 Hz AM frequency {EF4E mid-frontal ; DL (3) 4 Hz theta AC {EFH{E
r-parietal - [B]iRf 20 Hz beta AC with 4 Hz AM frequency {EF{E mid-frontal - B[Ifs#
BB B BRI S R E DR EE R (1DCS) » HHCFPC 28R 1 5 A B T
r-parietal W& ] RESHE AR S2 TIFECIEA X (FERE ) -

RSB Y IR AR A T IS R B - B T ER S R AT R AR AR o A T
HHCFPC fir5 BRI IEE ARSI n] LB 5 3 26 3 3R A A e = I
RIBEIEER - A RE R B e 2= 2 2 T A A RS HERS RS r EAR -

VY9 ~ 2021 ARAFHZEE

BERFATLL T DL 2 5 A B AR 15 AR B AH GRS & T IR R AR BRI  2
B0 R ERESEIGRHEG 2021 SRACRHSSEN S22 e S AL TR = B FRRREED
HBfE ~ TS~ BORTRPUATS S TR T 2021 FUTEX RARHEEE |
BT - LR RIS - B S SRR A A B2 B R R R S SRS
ST SR B B - DA HEOR 2RI T 25 R A T8 SRRy T REE: - s - My
PSR HA T AN B o A7 5 =B R AT 5 SRR - e ARG SR A
LT A AT 7 SRR SRR Y - DU ANn] DUE TR BH 2 1 B8 04T 5 vk Pl
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Using HHCFPC to establish efficient protocols of non-invasive brain stimulation:

fixation study array retention test array
Beta amplitude modulation (AM)
in
o 1000 ms 200 ms 900 ms 2200 ms

Correlation:
AMs in mid-frontal befa __ 068 —
& 3 ke
VWM performance > 036 5
c o
g 500 -1000 + -500 0 500 8 2
s g 123 ime (ms) jg;gﬁ 8
Correlation: s 068
s 8 -0.
Change of AMs <
in mid-frontal beta 4
& 2

VWM behavioral change
induced by anodal tDCS  yrendam

Beta AM Anodal-tDCS effect on
%, i theta phase-beta AM coupling
“,;;o Uy, 10:9,}, from r-parietal to mid-frontal
S

4
Correlation: Q
HHCFPC &
between theta phase and beta AM = S
& T
=

VWM performance

r-parietal

el — : DAa B AR AERAERS /AT R 2 B A B AET R S AR 6 R SR A& P B A FERR i
IR R B AR IR R A MRS R 2 BURE R - Flan - i TR RIS
JERGERERHY HHCFPC 23 HTHIUR 7142 THEE (right parietal, r-parietal ) EIJHH#RAHTE
(midline frontal, mid-frontal ) f¥] theta 47 -beta AM Rl & 55 BLZ 3 & T EC
TRAYREJTAHRY - FRAMBI AT 2255 & EHER E BRI AL B e 2 s LR s
(HUM H Liang et al., 2021 )

FEINRERIE R IERATERSRI B S BECE KR - S 5 e S BIREET S
W H A Z AR E EHAE R (B4« A% FA R E S H AR it
AR IR LR 5 5340 - WA ESE SIS A E R rl U &
ERTRIT IR R TGS B ) - W E R H R HE R LB iy 225

T~ ik
AW R SER 2 EEEH I R A SR iR 5 ST B S A BER o T Bl
s b B B T R U A B P B PR By P P A ]+ MG HH ORI E A5 Sk
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JEFRIRYRAT e - FPREAERRIRIE R L o AR bR s BR U RF R b - 255 BRI
BRI (B4 - 28 ~ B8 MRl B IER—EmE - RIS HIRRE BT
& EMIERHRER ~ B BE - RKRBRENERE — » BRI T TR
TERTRRIENIR - SEVGHE S 25T T ABIFRAT ik (B « JERIEE ~ ) 545 Honf
FERETER © 2RI - SEVNRIRA GBS LR - Hr fu 42N i g9 22
R HEARIZEELER (Akil et al., 2010) » [RIE - FEbRERER SRR A
MR - AKE H B — st Mt b IR R AR AS RS R SRR 5k - B
Bt S SRS

[EfF—TERYE » BRAE 2021 ARAPHZ AR RS A 2R 8 H ki) - —fE &
HIEFR A A TEAS RV B FUEIRR S H HHSA K HHCFPC Heffirite—245 1 f# 1 i
# %t TBS (intermittent TBS, iTBS ) A #EIGTU B EAEFRUAT AN S IR 2B H -
HAERE RO e B B PR I3 (Tsai et al., 2021) » & ASBSAERR R
JEH]_ERYBESUE v - fEFESEIER] b - AEh ] DU FAE (] — T %58
EAYEE A AR R IESE - fl40 : EE B (EEG) > DUk 23800 EE 1E
(EKG) - % - HEHISIIESHY HHSA/HHCFPC Hal AT LM EREVIIERA
PERSRIBA 2 8RR - Rt tha] DUE R E A — IR R AR E L - &
AR E ARSI RN - DL EFrie A S E e F (B e nT DA ESE T

2275 30k
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