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CPG Synergy Hypothesis: A CPG Synergy Model for Generating Nonstationary Rhythmic Signals

and Representation of Finger Tapping Movements

Keisuke SHIMA*, Takahiro MARUMOTO**, Taro SHIBANOKI™,
Yuichi KURITA**, Toshio T'suJr**, Akihiko KANDORI™™**,
Yuko SANO***, Masao YOSHIZUMI*™** and Saburo SAKODA™****

This paper proposes the CPG synergy model, which can generate rhythmic signals with nonstationary charac-
teristics, to enable evaluation of rhythmic motions such as human finger tapping movements. The model consists
of multiple central pattern generators (CPGs) that generates basic rhythm patterns, and can approximate non-
stationary rhythmic signals, in which the waveform in each cycle of the signal drastically changes depending on
time, by combining the basic rhythm patterns generated by the CPGs with weight coefficients and time-shift
parameters. The validity of the proposed model was verified by numerical experiments for artificially gener-
ated rhythmic signals using multiple sinusoidal signals. Comparison experiments were then performed using
the model parameters (i.e., basic rhythm patterns, weight coefficients and time-shift parameters) extracted from
finger tapping movements performed by individuals in a healthy subject group and a Parkinson’s disease patient
group. The number of CPGs and the coefficients of variation of maximum weight coefficients showed significant
differences between each group at the 0.1% level. These outcomes indicate that the proposed model has the
potential to allow evaluation of abnormal movements in patients with motor function impairments.
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1. U ®IZ

JX—3F >~ 9% (Parkinson’s Disease: PD) (IffifE{zEW
BOVR=—NIVPRLTHEIETHEL, FROBIRHFATHE
ELhEOEERERELT SR THEERE LTHbhT
W3, N—=F Y VFOERITIERES CT A% v v,
SAWEEZHEE (MR 7% EOBE{EZHCIEEHET 2 2
EHEEL <, BRRBUS TRMZRHEB I L - TR T2 bh
Twa. LA»L%ads, fHliicHv 515 Hoehn & Yahr @
S £ 541V % Unified Parkinson’s Disease Rating Scale
(UPDRS) 23 Emmic g bh-dkilicdh h, ik
iR TH 2 2 LA E N T3 Y,

ik, PD BEOME /A EEOE = LICE T 2051
EFIEIMIFEN TS, 72k 213, Salarian V% Gil 512
X % PD BE0IRE# OGS, Konczak 5 %, Kandori &,
Shima & %, Yokoe & 0154 v THEBFFl % L DD B, T
NS FELE L2 HTER LT A S 5Pl E
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REHRL, TN OIEY HVCEEE L BEREOED R
ZEHE - T A Z L TEHOERILZERLTCVS. L
LaH5, ANEOMEES I FHHMIZER (Central nervous
system: CNS), K#§fifE% (Peripheral nervous system:
PNS) B X URiE#% (Musculoskeletal system: MSS) @
BRI L o TR Y Lo TWwa Z e xE T, Z
o ORI DGR & L CHN L 8B O &% 5HIET % 720
T <, HRUED X 51 = X 152D {EF VAR — 2O
PUERTNRTHD. €I TRBLTIE, EHERA =X
2D GEBOEFMEICER L (Mt D 5.

FEEEB O T VAT 2 A IEZEL, YV —F ¥ 7EE)
EOH—0EE) (LT, HEEFHLIESR) 2RKHT2ET
vk, R 2 EE) (LT, UXAE@&Wﬁ)@%?»@Q
i C KM S5, 7-& 21F Flash & Hogan & I3 HL5HEE)
AR e LIRER/NET VIR L, RiEERICHN S U

L FREEFSVEOEERL LR Z E2HLRICL
7z. %7z Sherrington M, EB L S 5 HAE 2 IR E
ICBWT, BTV —ofAaEbEIlLo CGRHHEEL KR L
TWB V) L %EIRE L, Bizzi 5 OR3HEMESH S5
VRV kBT A ERAREL. ShS0ETIVIED
Ky b7 — 2 OFHHEOERFK 1D 2 EB)E O FIHHE O &
D EOFHE Y, WEHOMKEROHH P LICHHENT
WA, HISEFOAZIRE LTV 5 7 2 EH) 2
R - FEEiT A Z L IIEEETH B

—7%, U X £:E8hiE Central Pattern Generator (CPG) &
ENS ) ALERBOEXICL o TERENL LS, &
LBV YAy FFREOEYOEMAIHFET 5 I L 2R
ENTELW, BETIIAMIZO CPCHFEETHLEEZD
NTH Y, Calancie % Dimitrijevie ©H (XHHFEMEEE 1 ZHEE)
FREME —CORERTE X5 L) A LB EFRT LS
EEBELTWS IO ChICIHETREDY X L5EE)
% CPGIZEDSWTETMET AHAADP R EINTED, 2k
Z1E Taga 5 1712 CPG EFVEHWVZTOEK Y METOY X
LERAEFLTWS, 7 Asai 5813 PD BEO Y
X LiEE) % CPG EFVICESWTERHT L2 LT, #EH
L PD BEOEGIMAHDOTNEL L I L ZHLPIILT
Wa, DL CPG EFNMEHAVE I LT, )X LEE
DY Ial—3 VREFMIINT A —FITHT LY X 1EH)
DOFEHTTHETH 5.

L2 L%d5, CPG EFNMIEDS (GEFoRBICIZET IV
DREEPTERETNING XA =Y OREFENKELEETH
D18 7k 21E CPG OF 7 MHHE IR E 7% iV C
1) X 4:#8) % 33 L 72 Wilson-Cowan € 7L 19) % Matsuoka
EFN ), IXT X = OPGEF LDV TG RERBIZN
TNITY XL ERCTHEE CERDVITRDbRATVRE 2, L
LaHs, TNOORENFHTEE L THAMREY
A oAb, 1 EAHZ L EHeRIEIZELT 2 L) %E
BERET LI LIITERV.

AT, AEANCE LT 2 ) X AE8) % R HE% CPG

SMOE #49% FT7H5 2013FT7H 689

F
)
A 0
Tlme t[s]
(a) A healthy subject
e 50
3%
82
AS o
0 5 10
Time ¢ [s]
(b) A PD patient

Fig.1 Examples of distances measured during finger tapping
movements

VFIU—ETNVERET S, REETNVTIE, B CPG
EHAGDESLZ LT AP L ICEARRIRESEILT 28
M) AL BB KRBT S, REETNVEFALTY) X 45E
BOEFMLEITE S LT, PD BEICHEILLEHEE %
EFNINT A —FIZHEDSWCFFMTE LTREE D 5.
LT, 2% TIRET S CPG YV F YV —EF M EFNIHED
X LEHDEFNMEEICOWTHHT S, 3ETIRET
TIWOARFHN Y X L5510 28 PEET L 8T 2 — F Hhik
EEDMGEE, B X UREHE L PD BEDIRS v 7FlG) ke
T O % 1T 7% o 72ROV TIHRNR D,

2. CPG vF T —ICHEILKYRXLEHDETIVE

2.1 CPG YFIY—EFI

Y X LEFNIWMOIESICEE T - TEAO CPGICXk T
VALY — VBRI, TONY — U PHIAnbb 2 &
TEHRSWLEEZLNTVS Y, KHLTIE, Fig. 11557
T gy v TEHE Y XLEBEOFE LT Y BT, &
WEAED S, Y v TG ER R O EN 2 FHEE O —
OTHY, HITREE 2I[EMMT 2V ELEFHTH 2.

Kt 4 v 7B REEMG > 2 7 2 9 % F V- CER L 748
ST — 5 Thd. 2T, BEEZIDHIRE—FEDRE
lEE TRy v 7HB # £ T X %720, HOfEEHERE
FHAIELCZB LT3, Zhuixi L, PD BEOEHIL
N=F ) VFEIESE LTHELZENR T S RHEDELL
LEDRENSY, 1AM EORELEAMISKE CEHL
TWwa., Z0k)2iEdNE, PD BEDY) X 28 % & 5§
% CPG TS 08D E L, —E0IRIE, Ffo) X4
HERCTERL o/ EOERITRKINS.

OB HbH B LI CPG DEED L) X 2B OE
B EREE ) &EB R O BRI R SR T A 200 ITiE, TR
RG22 H ) ALEBHOEF VKL EERD.
o MRV R EN L EH 2 KETE 5.

o 1 A T L\ GEF OIRIGREY, BIEOWKIFELS LD

LA ) X LEALICGERERETH 5.
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Fig.2 Overview of the proposed CPG synergy model

e [A—DEFNHDNTA—FHERETLIET, VALE

BOEE/BEE2RHATES.
FERREENTES CPC TF N 192013, FHHESH DK
ZHBE LTHREINTVID, KL THRET L L) RA
W) AL TH I LITTERY., F/2, NT A—

FHREOEMESHPOLE—D CPG EFLVZHVTEEEE R
EEEF KRBT LIIEEETHL. —FH, IhETILEYD
KHIEHO CPG PHET A REMEATRIE ENTHE Y 2,
B CPG 25 < 2 &L TY X LEBHPER SN D
LEZLNT WS W2 72k 213 Grillner 1, MREEIC
BOWTHITRERT S CPG &y NI =2 DHFEL, ZDA Y
T =2 BEEO CPG OMEF AL o THE SN D &
#R~RTVv:% (unit burst generator) 1423,

ZITHRBLTIE, BMER Y X LAEF2EROER) X4
ICARL, FhEhoiERy Xa%EHT 5 CPG 2 M
AEDEoTHMR ) A L% EHRT S CPC VY —EF N
2IRRT 5. Fig. 2 ICREEFVETRT. REETTFIVIZELR
VX L% HERKT S CPG ##ffiiz TWw5. 4o CPG #°
R L2 R LNy — VISTEAMREE B S 7 M2 X o TH
BEh, SFSELYAXLMBEERT S, TR L B
7 b ERMEEBELEE S ZETE CPG 2HEH) IS 2 % 2%
REALESRH LD TE LD, AMLiRECHBOEE
EBAHZENTES., 727L, TOXHRER) X L2E
K% CPG " ABICHEET B PICOWTIEHL I ENT
WiRWZ EIEE &R, DT, EFVOFEMIZOWTHE
_5.

9, LRTED) XLES5%E L RTNZ bMIVOERY]
d(t) = [di(t),d2(t),....,d.(t)]T € RY & 5. d(t) » J R
MEATL)ALMESEET 2L, d(t) X JEDER LAY
M VEERFIASERE SN2 D DL EZ LI ENTEL. 22
T, d(t) 0% § BRI K; 8o TUBEENDGE, §
J MO k; FE O > 7 VRN IS B %] ¢ 3

J
t=(> Kj_1+k; —1)At (1)
i'=1
ERLTIENTES. ELKo=0Th), AtidHr7
)2 TEER, ki(k; = 1,2, ..., K;) 135 § AAO&T > SV

FCHAH. TOLE, d(t) 135 j EAMICBT AEEH ), &N
7 b VEERS dD) (t;) € RE (5 = 1,2,...,J) EFVTRRK

TRHETE 3.
d(t) = d9 (1) (2)
= (kj — 1)At (3)

CorE, £d9 () BPENTNIGET B IO CPG BEAS
ERT D) XAL8F — v DHABEDLRIZE > TEOENE LT3
&,d9 (ty,) 13 i FHO CPG YR T %) X688 — > (L
T, B2 FHD CPG LIES) ¢i(t) e RE (1=1,2,..., 1),
% J RO MVEERFNE T 2 BEAMRE wi;, B L OR
B 7 bt =kijAt (ki \$EBEY 7 oY 7)) %
AWTRR RIS NS.

I
d(j)(tkj) = Zwi,jci(tkj —ti,5) (4)
=1
ci((u—1)At) = { CF (0= (=L)AL < Tinax) (5)
0 (otherwise)

L, u=1,2,..,UU 3% CPG 0% ¥ 7 V) 13%& CPG
DY TN, C¥>013iFEHD CPG O u ¥ 7IVEODE,
Tmax = (U — 1)At 1358 CPG OB (LLF, CPG R) #
EbT. TOLE, EFNVEWKTA/87 A THhHb CPG

= [c},...,CY,...,CY,..,CY] € REXUXV) | & mig
w=[w;;] € R, BT T Mt=[ti;]eR>* 22X
BEIPLRDEZENTENL, EHEL Y X 2882 KB
BTENTED.

2.2 EFIINTA—ZDRTE

CPG ¥V —EF ViKY % CPG C, EARK w, B
M7 b tid) XAES d(t) »OHRGICERT 2. BiHF
T Bizzi HIC Lo TRESNAH Y F VM7 v T
AL %FIHS 5. Bizzi 53 2 OFHEIZOWTHE L O
HEETHEV, ATVOHHOHEMLOF v 72T v v T
COMEDHZ L R BES (Y F =) 2B TELZ L 2%
FELTWA, F72, ZOFEIESVTHB IRV F Y-
PEMEE, BT 7 M ERAWCGESOGHEM % BT
5210, KRFLTRIDFHEIESVTY XL EBHOEL &
% CPG, BXU'CPG % #6727 0EAMMEL, KET 7
M T 5. BRI TRIORTUEZITR ) .

2.2.1 Y ALEHOITHIER

MG ET 2 XLEF d(t) \IIRAMEDT0, BAMEAT1 & 72
LEINICEBLLDOZEHVS., COL X, My T4 VT %
FIRALTHMA Lz d(t) 2 dt) 35, 2LT, d(t) < dn,
d(t) <0, ﬂr+An>o%T&fﬁt K%l % RDTZD
¥reJeL, iAo~y P VEERIE d9(t) 5.
7L, dn BERICHRT 272008 %<7 PV THS.
7z, D; € RV & dU) (ty,) O& v TN & IEIATH

L, XXD L) ICRKHET 3.

= [D1,Ds,...,D/] 6)
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D; = [d9(t),...,dY (tk;)] (7)

TISED, (2), (4) K j RO TR LB S 7 b
#EBTH4T5 H; &£ CPG C #HVWTARTERTE S,

D =CH 8)

D, = CH; )

H = [H), H,, .., H,] (10)
I

Hj = ) wi;6lti] (11)
i=1

72721, BT 7 2RI 2175 O[] D pAT g FIHIZ S
TRy H—DFNVT ZHNT

[©:[75]],g = dlp — (¢ — 1)5,q — 4] (12)

LELENS.

2.2.2 NTA—FHEH

DTOMEEZ#YETZ & T, CPG C, EAFRK w, B
MW7 bt #EHT5.

A-l. CPGCOEEECY LEAMM w DEEFR wi; &
[0, 1] o—#EH T T 5. 7, Rig =0¢&

+3.
A2 dP(th,) =dD(ty,;), i=1& L, BFOFMTHR
7 bt ERDS.

() ~Z MVERF A7 (t,) & CPC ei(t) OHITAH
BABIEL @15 (L ;) DK & 70 D RERIZE L WGMI S 7 b
tij £ L, d7(t,) XKL VEHT 5.
J‘j)(tkj)«—é(j)(tkj)—wi,jCi(tkj —ti,;) (13)

iEL,
tK.
N ), T
$ig(tii)= Y d (tr;) et —tiy)  (14)
th;=0
Thb.
(i) i<IZbiFi=i+lELT@E)~, i=1I0H
Aix A-3 ~itEds.

A-3. KRR TEFMEMNE E? 2/ 5 X9, Repui
TUITY) XL ERCTEM L w &£ CPG COE
x2S,

E’=Tr ((D —CcH)"(D - CH)) (15)
22T, Te() 3fFHIO P L—2 % FEDbLT. BRI
CPG C tWf> 7 bt # HWTRIAUIC L D BEH 24T
9.

[ m(Dfce[t,)
Wi,j — Wi,j (T\r(HJTCTC@i[ti,j])) 1o

WHHBEOEAMEE w EEEMT 7 bt 2 HWTRRT

CPG C #H#H¥ 5.
DHT

CHHT

C<——C( (17)

A-4. T —% CH & D OPERE% R2,. £ L, |R20 —
R24| < R, %l vHEIMBZRT 5. 7,
|R2.., — R%4| > R, THNIT A2 ~NEL. 7271,

Ry AEERCHRET2EERETS.

2.2.3 CPG #oiE

CPG %% I 1% Cross-validation {EIZESWTHRET 2. Y
ALEFdE) = PHEICESEL, SELAEFE2RET2
p HEOTHIZ PDEWE P J), Fhbstz PD(EH%K
M) L. 7271, ZoLEx& PD icaTh s Nk
P JizEE LWL DET S, A CPG $% Imax, CPG
BETI=1LTOYPILL, LTORTFT Yy 7% ELIT
%9.

B-1. p=1&¢LTa#Ls 5.

B2. D=PD, J=®7F ¥ LTA1~A4 %#0ELFT
v, BHLACPG % ®PC Ly 5.

B-3. D=®D, J=®J L LTA1~A4 %7\, B
M7 b EEMEEEMBT 5. 7275L, CPG PC
R LRECES Lz, Jo & S L7
V7 M EEMEEERDTTIE PH LT 5.

B-4. 7 —% WD’ = WCPH ¢ PD nkeEiit
PR2L¥2. p< PORAE, p=p+1&LTB2
~NRES. p= P OBAE P EORERE PR OF
#ME Ry %41 LT B-5 it

B5. I < Imax 2 (Ri—FRi_1)> Ron D&, I=T+1¢&
LCB-1~NES. I = Imax 37213 (Br—Ry_1) < Ron
7T E, CPGRE T LisET . 22T Ry
X CPG #ORELMGTH Y, EEICHETI2EEHK
Th5.

3. % B%

3.1 AIF—420EY

EREF IV, O CPC #HEAMRMEMERM T 7 Mok o>
THETLZETHEFR) ALEFEEBTEL LT TR
{, VALEFE2HET 5 CPG 2 HIREMICKkD L Z LT
&%, 22T, REETNVOEWYRET £/3T 2 — & KGR
AT L0, NLTF—9 #HWTER{TE o7/, B,
B0 ALAEBFORT LI 1 L LTHEmEH#D LD
L > 2 OED KGRI T LAHH L TE 2 MERBRICEH T
BETH DI EIEE SRV,

3.1.1 JFik

AT M BOES AT 21 X LE55 F(t) 24ERLTE
BT o7, NLF— 7 OEm EAHOEIZ fm(t:) (m =
1,2,..M) £ LT F(t) #

F(t) = fm(t:) (18)
t = {(m—1)Z + (z — 1)}At (19)
t. = (z—1)At (20)

ET B, ZL, IEEEG, ¢, 13 1 Ao (2 =1,2,..., Z;
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3
1

l=<" 1.0 —O— N=1
b= —A— N=2
S5 09 o =
5.5 08 Note that B, A and @ express
g E 07 the number of CPGs determined
S by the proposed model.

06 1 1 1 1 1 J
0o 1 2 3 4 5 6
Number of CPGs /

Fig.3 Relationships between the number of CPGs and the
coefficients of determination

Z\Z1EAMOT TV, At 7)) v IR TH L. 2
DEE, fmlt:) 3FERDY ALY = (DT, K7 —
YEME) pu(t) (n=1,2,..,N), RIEST A =% amn, B
L UBERIBENANT A =% 1 BV, BT A= 5 2 A
LCTERT 5.

N
fm.(tz) = Zam,npn(tz - Tm,n) (21)
n=1

sin (%i - % - Tm,n) +1
(0 < (2 —1)At < ZAt) (22)
0 (otherwise)

pn(tsz) =

FHLTIEN = 1,2,3 KB AEURNDEZRET 5.
AR LIZALT— 2 3AME M = 50, > 7)) VHE
At = 0.01s, 2EEK/Y — & 03s (FEMICEIND
TVEE Z =30) L L, IRIB/ST XA —% amn. &EEER
NG A=F T n (& [0,1], [0,0.2] & %5 X9 ELEE FVTH
EL. NLF—213%/85 A —% %7258 L C 10 FFAER
L7z, F72, EEFNIE Tnax = 0.3 (T DL U = 30),
RZ%, =0.00001, P=5, Imez =6, R%, =003 &L, 2.2
HilC oW 5 [IFEERE % # ) R LR ORERBD R D
BT A—F 2w P, WEE L THRAIIT—50
FAEICHVWSONRSE AR EFNVEFEEH AR EFNVDO—DTH
LEERB AR EFNVEHWCALT =7 OFl24T4% - 72,
WETIVORHIL 50 & L, FHTFRHFEZ L.

3.1.2 FEREES

Fig. 3 ICCPGH# I % 1 oM e/ EDALT—%
EREEZAVTEL L7 — ¥ BoRERE R2 OFHE
ERYT. ZOLE, KEREEHWTHE ST CPG %
BORLTWS. @h6, NLF— Y DOREENRY— VKN &
i L7z CPG #0595 L, BRFEETNVEH W TEY) 2 EK
R — B EMETELI LN DD,

72, Fig. 4 CATF—% (N =2) L &REFVEHVTE
PLAERO—FIZRT. H25, AREFVIIATTF—% &
PO ThAKRE VO L, JEEH AR 7V ERE
EFVIEABANCEAT A2 ALTFT— 7 I3 L GETE T
Wh, TR AR EFVHET—F R EET—F LIRET S
b THbH. NIT7F—% (N =1,2,3) 1T 5E5EF VDR
PUHERE % R 82 (RMSE) 2V G-l 5 & %
NZN 30 ATOFH L ZHEMRZE L (2.62 £0.0563) x 1071,
(1.53 +0.238) x 1072, (1.81+1.28) x 1072 TH 7z,

— Original signal

=== Predicted signal by using AR model

= = Predicted signal by using nonstationary AR model
= = Estimated signal by using CPG synergy model

Amplitude of signal
o 290 =
N BN O

2
Time ¢ [s]

Fig.4 An example of estimation results in each model

o Original signal (N=2) _o- CPG synergy model (/=2)

~— l'O /‘1'0
< <
= >

Z «

) Q
= =
= =,
8 S8

0.3

Time ¢ [s] Time ¢ [s]

Tap countj [times] Tap count j [times]

(b) Weight coefficients

Tap countj [times] Tap count j [times]

(c) Time-shift parameters

Fig. 5 Examples of extracted CPGs, weight coefficients and
time-shift parameters in original signal

O ~=2

G S G
[=] o (=]
2 2 2

= = =
58 58 58
g 2s S§
=4} =] b=her)
0 B PR PR
26 2 o 26
O o Lo U o

(a) CPGs

(b) Weight coefficients (c) Time-shift parameters

Fig. 6 Coefficients of correlation between original parameters
and extracted parameters in original signals

DE, NLF—Y 2T 5&/57 2 — 5 ORI
DWTHKRIEL7:. Fig. 5 ICATF—% (N =2) »HIiEEE
TNERCTHIE L& T7 A= O—fl%RT. O (a),
(b), (c) xZFhZNIEEK/ (Y — & CPG, RIE/T A—%
LRAMEE, BLUBEEN ST A—5 LB 7 M Th o,
Fig.5 (a) & 0, A7 =% il T 2 LK/ — » Ll
L7z CPG KIEZ A0 THizH 2 00, FIRAHL L ik
EAMETE TV Z b h 5. FAEC (b), (c) DIRIE,S
T A—F ERFHIBIIST X —=F 12OV TH LT — ¥ OfFEE %
HETETVEY, BEY 7 MZBW T ThPEL TS,
CIUEEEEIN Y — ¥ p,(t) & CPC ¢i(t) OBIZAELTh
DRETH Y, FEIEMEEIIIRE SEENF RV EIE
mIhizwe, Fig.6 BIALT—% (N =1,2,3) LIREET
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=== Predicted distance

—— Measured distance

Distance d (t)

0 ‘ Time ¢ [s] 15
(a) Distance between two fingers

1.0 1.2 0.3

¢ ()

006702 03°0 1020 30 40 50

Time ¢ [s] Tap count j [times]
(b) CPG (c) Weight coefficients

010 20 30 40 30
Tap count j [times]

(d) Time-shift
parameters

Fig.7 Examples of measured distance, CPG, weight coeffi-
cients and time-shift parameters (Subject A)

VOFINT A=Y BOMBEREERLTBY, (a) CPG &
(b) EAFEE, () B> 7 MidZh2h 0.993 + 0.00650,
0.98440.0184, 0.849+0.131 THo7:. N # K& T2 L
NG A =% OFEMEDBHED T R D70, FFICEHRY
7 MST A= F OHEHEPBET LTS, ZOHIZDNT
X, 5, BRZWBIPALASTA-FHRET VI X L2HE
THULENRH LD, N=3I1IBnTHEEOILGREITFEY
BHTP 181 x 1072 THot I e h b, REEFIVHIEE
WIALMEBREE L GRS Z LS 2o 7.
3.2 1§42y TEHFHENDICH

HiRo & 9 12, FEESFEEHEIC B VT X 2l 2 FEH T %
EFWICEDSVWTNRT XA —F OHfE LM EfT A2 LT
E%/ BER) ALEBHOBFEHSPICT 27200 —20
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Fig.9 Comparison results of healthy subjects and PD pa-
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