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Walking rhythm mutual-entrainment based stabilization system for festination gait
of Parkinson Disease
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The aim of this research was to support gait rehabilitation of Parkinson disease by using interpersonal
mutual entrainment of gait dynamics. First, evaluation methods of stability in gait rhythm generation
process was established in festination gait as an example. Next, we clarified a mechanism of dynamical
stabilization of gait rhythm in the mutual entrainment. Finally, portable

> t ?ait stabilization system
implemented on smart phone was newly developed based the above experimental results.




# X C—19, F—19, Z2—19, CK—19 (3t

1. WFZEBIA Y DY =

FERFEOITA L Z— =Y T ILBRITI X
LADFRFRBLRIZEE L, 2 EMH A5 XAHLT]
GLLUTOMTLCE T, 2L T, TOREE BT
F e 25 2 Walk-Mate &L CA B &RARAR
IRDBNWEDWFHSTRELUTHEL BT
B~z &2, BAREIZ IR 2 -
FAERFZE B (H19~2DIZB W TIMZEH O AT
EEZEVHIT ., FEAITICBIT BT %R
EALE AT I R D e~ D F Zhitk &~ L
7

TR I LR O MR RO R R A 2
T, BTV R A BN 72 B TEAL D e A 2%
BET DL PREND S —F YV R DA TIEE
WZHEB LTz, ZAUTININ R — S0 i ic kv
FEEMOBER 22 HIRBTHY, BTV A
DEREDLDIZFEENTNDZENFNSILT
W5, LT, BRI TR B3k & (2K
IRV E NI TR BN ED TSR T | &)
BEEAZRY 7,

BEIZ =% i OIRIE T EEL T, 3K
WIIRIE . XGRS RO 5 AT BN E 3R
BEINTHKEZN, ITETIRHIXLEZRANDITH)
JEEA~OHENEEV OB D, I-E21F. —F
TURDIRXLFIZH D TR HU N
vV 5 iE(Thaut et al)2MERINTWS, T2,
BN CHREIIND Y =T 77 LRy hTHLT
ZEEANCERE 2 b D (Sankai et al.),
L, 2B 2 MR T 21TV X LD
H|&AIEZ T EESSEI A Z EfLIiZiE A
L=t O Tidel, B IR AR BIT 2
HHDOTH-T-,

ZOIHE m DT, AR T LD
MAEGIZIARIZERL, FNELTR—F
VIR DBIT OB Z EALZ O ST HH TD
BUH AL L CRRLAL =D TH 2D,

2. DB
AL, BITVR LD A H—r3—F )L
PR H B &AM L - T BT X A EAIC
LT DG % R—F AR DHAT IR
IIEHR 352 8% BIEIC L=, £ LT, BiRp72
BT ELLUOMEARTICHER L, ZOEE/L
DI DT AT DEAERLIZD TH D,

3. WD HE

AW TIE, EREO BEZELIZEMKRIEL,
PUF O3 >DWF 5253 B IZHAHATE,

(1) R=F Y HROMETICIBIT 2%
TE M DRI T VE DL

IR—=% Y U ONEARAT O IR E & E &
HNZFHAIT 2 ke et Lz, IRz & 72
2 TR OFIRE L& . BT R B 22 b D IREfE]
Hfd L U ClRFER CTIHMET 57210 T2 <,
DFA(De-trended Fluctuation Analysis)(Z K&
LBATE G B XD 7 T 7 F kD AT %
B AL, IEEAR T O E A LA G T
X5 HEERA L,

(2) BTV XADF|Z AT L - Thg
TINETEACT D A T =R L Ofifi

—ET VRO Y XA LE A DT
Y'Y J5#E(Thaut et al.lc k- TR S 7=
H DT RAS EMEEN D) & Fox DR T D4
TUANE Y FIETHS Walk-Mate % g4
HZ&ET, BHMTURLDOHASI ZIARIZE D
WATREAL & DR AR D A 1 = X A
ZEA ST LT,

(3) BERHG CTIEHTE 2R —F T Lipik
ITREY AT AOBFE

FROMERREEEE 2T, =%V
WICB T DIMEBITOREN T AT L EL
T Walk-Mate %L, Fivd A~<— b
TH v IR R—E TN AT AL LTE
L, BRIGTOEMALZzDIT L LI
H % B4 L 7=,

4. WFIERE
(1) RN=F 2V IEONESITICE T 5%
TEME D FHAM 7 1E D ffeNL

AEA TIERE L DT T2 EEOM Y
AR L, 81 0OFERIESRTICE S
72 o TR O ML &2 . TR LR
WAk s LChlRERTCERELTHHLDOT
B %, MEAT OB 2 BHEICEHME L7 2
LZ72 D, B2 DHFEITHITY X LD REHP
LEWERETALOTHY, AHdLEDT
TIHANMDIRECTCH DA — Vi o B
LD XTDRBOFEETH D CV EHMA
A CRHlid 5, MEAITOEFRICHD Y
R IAERREREAZ F LT D,

EFTEH1OFEOKERO —HIZX 1127
7, BRENIRER T H 0 HERIART Y X ADJE
MERLTWD, HTEMPAREH E & HIThH
THRDITEAD LTS Z LB HERTE DM,
ZIDIEBRTIZRE T 2B TH Y | [BIF
EMEN L THBEZ oA/ g & L TER
LENTWBZ ENRbIND,

14

—— Stride Interval
—— Trend of Stride Interval

13 4
1.2 A

11 L.V AT

B

14 Change Ratio
of Stride Interval

Stride Interval [s]

0.9

0 20 40 60 80 100 120
Time [s]

X 1

WIZE 2 O FEO—F %K 2 127, JE
DO XORFEMIMEETHDL 7T 7 XD
FBIE (A — 6%k a) % DFA(De-trended
Fluctuation Analysis)|Z K - TR, i &
RIRFIZJE D & X ORIEICE T 2EETH
5 CVEMBEOETIHMET 5 2 212725,
B 2DX I oz L0, Bl C VA
LD ETHITY RAERDEEDRES
Wt Bl ay M9 5 2 LA ATREIC



720 Z O W E O FEE AT S
ZET, R=F Y RO EDERENR Y
Bt A B L7,

HEIXT1% RO EE
A =10 % 10%

8 s [ [@mm] - ® R0

1.6 E 2 | MHY2ELE | mH¥2 5L
514 : N
£
% 1.2 £ 1
0 Eo ans
200 E R
1or I

0.2 E -

k 91(d
0 R ~, 91ldee]
01 2 3 45678 -3 -2 -1 0 1 2 3

Coefficient of variation CV [%] Normalized coefficient of variation CV

HEIL69% HREMOHE
10% 1077

>
@

® mild-PRD

mild-PRD mH-Y2.5

mH-Y2.5

. ]
Wi 57des)

H obuious-PRD obvious-PRO

T
L ™)

Scaling exponent o
cooo oo
cha®ip =
Normalized scaling exponent o

0123458678
Coefficient of variation CV [%]

-2 -2 -1 0 1 2 3
Normalized coefficient of variation CV

X 2

(2) BTV XADF| E AT K> ThEH
1TNEEACT D A T = R L OfiFEH

ARIHE CIIMESITELENT DA =
RALEfATHTDIZ, =BT HADOY XA
HaMnEL85(7V Y HIERAS) & Hx
NILET HFETH D Walk-Mate % LhEk L
oo ZHUC L S THRITY RAMBI EIAZEAT
L CHAEERT 256 L — FrmicEAT
DGEDEWRHALNICRY, ZRICE - T
HBATY R LDAERRIZB T DREND A B =
A LERATE DN THD, BARBIZITAF
ZETHH 1 TR SNZ 2 DOl ik E
WA & Tl AT T2,

ETHE 1 Ol TIEE AW TG E OfE R
O— B % X 31ZRT, FRlEhILRER]C & Hikdh
IZBRITY) RADFMERL TS, i
Walk-Mate %38 L7258 OINEARLITOEE
FTHHN, FHID5 O ITHMSBITTHY
MEARATIZ & b 72 5 BT JE O HFH B S 2
FENYORYFEMRE LRSI ND, L
L50~100fTIE, ZHANKFEIZRYIN
WAITRREM SN2 EXbnd, 61
0 O LA OHEMAA T TH D08, BTV
A LERROR BB L, S—F Y UH
BEICI->THFEEIN TS, ZD0XHIC
IMESITZE DS O % EEOICFHET 5 Z &
TRENMDA N = A LEHLENITE D,

WIZHE 2 OFM HFiEEZ W56 O HE
24T, ZAUIK 2 1R Lz R—F%
Y R DR A B T BT SRRl
FEIZL > THLNREIZBWT, 2 b0
MTOEBELEL TS, REE3NE LIER
NE, RE1IARLEY, K406 HH5
MR 91T, RAS ZEA LA OREES
& Walk-Mate 23 U 723558 OIRREER A B
RoTEY ., BTV XLDAERICE T D% E
DA =X LRI TWVWDE I PR
iz,

1.2
——— Stride Interval
—— Change Ratio of
Stride Interval
w11 4 B=-154x107° f=000x10"% f=-018x10"%
g
4
7]
2
£
@
2
=
& 11
Pre Condition Walk-Mate Paost Condition
(Silent Condition) Condition (Silent Condition)
0.9 f t
0 50 100 150
Time [s]
X 3

WMBE R, B A &~ DR EER RASEMARIM SBEAE~DIRAEER

’-\%Ou_mﬂzﬂo.ﬁo

1

T 0.22 ' ) 0.14
@éj 0.56 @;\ % 490‘?2
0.9 0.07 0.77 : 3

1 093 0 0.07 1 077 005 018
2 088 0 012 2 0.50 0 0.50
3 022 022 056 3 014 014 072

Xl 4

(3) MRS CIRACTE 2R —% 7 itk
ITREN S AT LOBF

ARIEH T, FTEOMERREZEE 2 T,
PR—=F 2RI B T B INE ST 02 ek
AT LELTO Walk-Mate ZH&E L., #+
NEA~— 74 v BIIR =T N7 A
TALELTEEL, BRI COERALEZD
gL & HITHMEEFm L7,
BAREIIZIZ, M5 IR TEHIICA~— T
F v EBEOEHICERELEEDT T > b
T —DE UTCER Lz, P S A7 nss g
T EHWTEEOSRITY XL 2R L,
TNEMRASIEAHLENLTY RLERT
x DB T LM L Walk-Mate & L C
EAEL 72, EHICHEHA 1 THRZ S nEHS
ITOFHMEFELPFECRIA L, BTV Y
~OFMEEFMMCTED LI Lz, 2z
Lo TR=F Y U HEEENRAL U ALY
TED5 X2V EERISHNTREIC 2o T2,




5. ERRERLE

CMEssRm ) G418 (WP b AEeR)
1) Ota, L., Uchitomi, H., Ogawa, K., Orimo, S.,
Miyake, Y., "Relationship between neural rhythm
generation disorders and physical disabilities in
Parkinson’s disease patients’ walking," PLoS
ONE vol.9, issue.11, pp.1-8(e112952) (2014)
http://journals.plos.org/plosone/article?id=10.137
1/journal.pone.0112952
2) Uchitomi, H., Ota L., Ogawa K., Orimo S.,
Miyake Y., "Interactive rhythmic cue facilitates
gait relearning in patients with Parkinson’s
disease," PL0S ONE, vol.8, issue.9,
pp.1-10(e72176) (2013)
http://journals.plos.org/plosone/article?id=10.137
1/journal.pone.0072176
3) Hove, M.J., Suzuki, K., Uchitomi, H., Orimo,
S., Miyake, Y., "Interactive rhythmic auditory
stimulation reinstates natural 1/f timing in gait of
Parkinson’s patients," PLoS ONE, vol.7, no.3,
pp.1-8(e32600) (2012)
http://journals.plos.org/plosone/article?id=10.137
1/journal.pone.0032600
4) Uchitomi, H., Suzuki, K., Hove, M.J., Orimo,
S., Wada, Y., Miyake, Y., "Gait rhythm of
Parkinson's disease patients and an interpersonal
synchronyemulation system based on cooperative
gait", InJ L Wu, K Ito, S Tobimatsu, T Nishida,
H Fukuyama (Eds.), Biomedical Engineering and
Cognitive Neuroscience for Healthcare:
Interdisciplinary Applications, Springer-Verlag,
Tokyo, pp.38-53 (2012)

(Fa%R] G141 (WFnbaEHA)
1) Ota, L., Ogawa K., Yap, M.S.R., Miyake, Y.,
"Evaluation platform of gait rhythm in relation to
movement disorder and sensorimotor
interaction," Proc. of the SICE Annual
Conference 2014 (SICE2014),Hokkaido
University, Sapporo, Hokkaido, Japan,
pp.856-859 (2014/9/11)

2) Ota, L., Ogawa, K., Orimo, S., Miyake, Y.,
"Relation of postural instability to gait dynamics
in patients with Parkinson's disease," Proc on
ICME/CME 2014, Taipei, Taiwan, pp.195-200
(2014/6/27) (Best Student Paper award)

3) Ito, S., Isozaki, Y., Uchitomi, H., Miyake, Y.,
"Walk-Mate 1: Interpersonal synchronization
based gait assist," REHACARE 2012, Dusseldorf,
Germany (2012/10/10-13) (Invited lecture)
http://messe-dus.co.jp/fileadmin/final_report/Fina
IReport_Rehacare2012.pdf

4) Isozaki, Y., Ito, S., Uchitomi, H., Miyake, Y.,
"Walk-Mate 2: Analysis of gait disturbance,"
REHACARE 2012, Dusseldorf, Germany
(2012/10/10-13) (Invited lecture)
http://messe-dus.co.jp/fileadmin/final_report/Fina
IReport_Rehacare2012.pdf

5) Ota, L., Uchitomi, H., Orhimo, S., Mivyake, Y.,

"Classification of Parkinson's disease patients'
gait variability," Proc. of the 2012 IEEE/SICE Int.
Symp. on System Integration(S112012), Kyushu
University, Fukuoka, Fukuoka, Japan,
pp.343-348 (2012/12/18)

6) Uchitomi, H., Suzuki, K., Nishi, T., Hove,
M.J., Wada, Y., Orimo, S., Miyake, Y.,
"Interpersonal synchrony-based dynamic
stabilization of the gait rhythm between human
and virtual robot-clinical application to
festinating gait of Parkinson's disease patient-,"
Proc. of the 23rd 2012 Int. Symp. on Micro-Nano
Mechatronics and Human Science (MHS2012),
Nagoya University, Nagoya, Aichi, Japan,
pp.460-465 (2012/11/6)

7) Uchitomi, H., Suzuki, K., Nishi, T.,
Matsumura, S., Hove, M.J., Orimo, S., Wada, Y.,
Miyake, Y., "Improving gait performance in
Parkinson's disease by interpersonal
synchrony-based dynamic stabilization," Proc. of
the 2012 ICME Int. Conf. on Complex Medical
Engineering (CME2012), ANA Crowne Plaza
Hotel, Kobe, Hyogo, Japan, pp249-254
(2012/7/2)

8) Ota, L., Uchitomi, H., Suzuki, K., Hove, M.J.,
Orimo, S., Miyake, Y., "Evaluation of severity of
Parkinson's disease using stride interval
variability," Proc. of the 2012 ICME Int. Conf. on
Complex Medical Engineering (CME2012),
ANA Crowne Plaza Hotel, Kobe, Hyogo, Japan,
pp521-526 (2012/7/2)

9) Uchitomi, H., Miyake, Y., Orimo, S., Suzuki,
K., Hove, M.J., "Co-creative rehabilitation:
Effect of rhythmic auditory stimulus on gait cycle
fluctuation in Parkinson's disease patients," Proc.
of the SICE Annual Conference 2011
(SICE2011), Waseda University, Shinjuku-ku,
Tokyo, Japan, pp.2575-2580 (2011/9/17)

10) Uchitomi, H., Miyake, Y., Orimo, S., Wada,
Y., Suzuki, K., Hove, M.J., Nishi, T,
"Interpersonal synchrony-based dynamic
stabilization in walking rhythm of Parkinson’s
disease," Proc. of the 2011 ICME Int. Conf. on
Complex Medical Engineering(CME2011),
Harbin, China, pp.614-620 (2011/5/24)

11) Uchitomi, H., Miyake, Y., Orimo, S., Suzuki,
K., Hove, M.J., " Dynamically stabilizing gait
festination in Parkinson's disease by walking
with interpersonal synchrony emulation system,"
Proc. of 9th Sino-German Advanced Workshop
on Cognitive Neuroscience and Psychology,
Beijing, China, pp.2 (2011/5/16-18)

12) Hove, M., Suzuki, K., Uchitomi, H., Orimo,
S., Mivyake, Y., "Interactive rhythmic stimulation,
fractal scaling, and Parkinson’s gait
rehabilitation," Proc. of the Fourth Joint Action
Meeting, Vienna, Austria, Poster presentation
(2011/7/7)

13) Hove, M., Suzuki, K., Uchitomi, H., Orimo,
S., Miyake, Y., "Interactive rhythmic auditory



stimulation reinstates natural 1/f timing in gait of
Parkinson’s patients," Proc. of the 33rd Annual
Conference of the Cognitive Science Society
(COGSCI 2011), Austin, U.S.A. pp.2727-2732
(2011/7/19)

14) Hove, M., Suzuki, K., Uchitomi, H., Orimo,
S.,_Miyake, Y., "Interactive rhythmic auditory
stimulation reinstates natural 1/f timing in gait of
Parkinson’s patients," Proc. of the 13th Rhythm
Perception and Production Workshop, Leipzig,
Germany, Poster presentation (2011/7/15)

6. AFFERERR

(D) FFgEREH

=% ZEf#H (MIYAKE, Yoshihiro)

BUOL TR - REFGERA B T2 5ER -
%

WoeEFE 20219752

) Wy

A &= (YAMAMOTO, Tomohito)
SR TERT: - EHR LT - HEHEZ
Mot s: 60387347



