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So, we study the rehabilitation system encouraging patients
to synchronize and propose the interactive ³Walk-Mate´
system [3]. The model of the human cooperative walking was
implemented in Walk-Mate system. The system outputs the
auditory stimulation in place oI WKH YLUWXDO URERW¶V IRRWVWHS
The virWXDO URERW¶V VWULGH WLPH FKDQJHs dynamically based on
measured human steps and makes it possible to mutually
entrain. So, each rhythm can interactively approach. It was
showed that the interactive Walk-Mate system can improve
gait rhythm of hemiparetic patients [4] and reduce gait
festination in the Parkinson¶s disease (PD) patients [5].
On the other hands, as a method of rehabilitation using
sound in PD patients for gait disturbance, walking with
fixed-tempo Rhythmic Auditory Stimulation (RAS) is
attracted attention. In the fixed tempo RAS condition, the
human gait rhythm approach to RAS¶s tempo not interactively but one-sidedly. It was reported that fixed-tempo
RAS can increase gait tempo and stride length [6] and
decrease the magnitude of stride-time variability [7,8].
Hove et al.[9] compared the fractal scaling with RAS
condition and Walk-Mate condition. Hausdorff et al. showed
that the distribution of stride times in a healthy walk has a
1/f-like structure similar to the fractal-like long-range
correlations [10, 11] and in PD, the fluctuations are relatively
random (white noise) [10]. So, Hove et al. assessed and
compared effectiveness of treatments using Detrended
Fluctuation Analysis (DFA) on the basis of the previous study
[10,11] and reported that Walk-Mate was more effective than
RAS. However, it is necessary to clarify the reason for
resulting in different improvement effects, adequately.
Therefore, we aimed at analyzing the synchrony and
making a study of relationship between synchrony and
improvement effects on fluctuation. We focused on the phase
relation between human gait and auditory stimulation and
made an index of synchrony. We compared two auditory
stimulation methods using the index and related the result to
the previous result [9].

Abstract² In a walking rehabilitation, the cooperative walking between therapist and patient is implemented and the
synchrony of walking rhythm is often observed. So, we suggest
that the interpersonal synchrony is important for walking
rehabilitation. Our group has proposed gait assistive system
using interactive rhythmic auditory stimulation to emulate
LQWHUSHUVRQDO V\QFKURQ\ ,W LV FDOOHG ³:DON-0DWH´ In the
previous study, the improvement effects of walking with the
fixed-tempo Rhythmic Auditory Stimulation (RAS) and WalkMate were compared. As a result, walking with Walk-Mate had
1/f structure and was more effective than walking with RAS.
In this study, the emulated interpersonal cooperative walking
between human and auditory stimulation was analyzed to
investigate the relationship between synchrony and gait
improvement effect. Fixed-tempo RAS were compared to
Walk-Mate. Twenty PD patients and 18 younger healthy
persons were participated in experiments. We showed that the
phase difference with Walk-Mate was less variable and more
temporally-stable than with RAS. It meant the walking with
Walk-Mate has the higher synchrony than with RAS. The
combination of the result and previous result indicates that the
synchrony between participants and auditory stimulation were
UHODWHG WR WKH JDLW G\QDPLFV RI SDUWLFLSDQWV¶ VWULGH WLPH ,Q
addition, the PD patients showed the lower synchrony than
young healthy people. Therefore, we suggest that it is necessary
that the auditory system encourage them to synchronize. We
suggested the importance of considering the synchrony in
rehabilitation for PD patients.

I. INTRODUCTION

T

HERE is potential that interpersonal interactions are
necessary for human development. Piaget [1] suggested
that interpersonal interactions are related to the development
of the infant¶s cognitive functions. Castelfranch et al.[2]
focused on the interactive process between a handicapped
person and there therapist in rehabilitation, and suggest that
cooperative movements contribute to successful rehabilitation. In a walking rehabilitation, cooperative walking
between therapist and patient is implemented. On this
occasion, the synchrony of walking rhythm between therapist
and patient is often observed. So, we hypothesized that the
synchrony is important in the rehabilitation of rhythmic
movement.

II. DATA DESCRIPTION
In this study, we carried out the further investigation into
data analyze gait data of previous study [9]. Accordingly, we
summarize the experimented method and this result.
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A. Participants
Twenty patients (12women, 8 men) with idiopathic
3DUNLQVRQ¶V Disease participated in the experiment (mean
age= 69.2 years; 6'
3DWLHQWV¶ GLVHDVH VHYHULW\ ZDV
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V. DISCUSSION
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In this study, we further analyzed the gait data observed in
the previous study [9]. We evaluated the synchrony between
human steps and auditory stimulation using the PdSD.
In the interactive Walk-Mate condition, variation of the
phase difference between timing of human steps and timing
of stimulus was small. The other way, in the fixed tempo RAS
condition, tendency which the phase difference varied
enormously was verified a lot. This means that gait in the
Walk-Mate has a higher synchrony than RAS condition.
Hove et al. [9] analyzed the gait dynamics of PD patients.
They reported that the Walk-Mate system improved the
fractal scaling than unassisted Silent Control and RAS. From
the previous result and our result of analysis, we suggest that
the synchrony between human step¶s timing and auditory
stimulation has a relationship with improvement effects of
gait dynamics for PD patients.
The rhythm of RAS was determined based on the
individual's stride time. Therefore, it is expected that they can
synchronize with the fixed tempo RAS, but they didn¶t
particularly synchronize. We suggest that the difference in the
method of generating the rhythm causes difference of the
result between Walk- Mate and RAS. RAS doesn¶t interact
with a human walking and outputs fixed paced auditory
stimulation. So, in order to synchronize, it is necessary that
human tries to synchronize to sound unilaterally. In the result,
human is too much to handle tiny declinations of the phase
and the declination is accumulated. On the other hands,
Walk-Mate mutually interacts with human gait and changes
stride time dynamically. Hence, the rhythm of human gait and
auditory stimuli come close interactively and human can
synchronize with Walk-Mate auditory stimulation, easily.
In addition, we compared the group of subjects. The PdSD
in PD patients were higher than in young healthy person in
each auditory condition. At the result, we suggest that it is
difficult for PD patients to synchronize with auditory
stimulation and it is necessary that the system encourages
them to synchronize to compensate lack of synchronization.
However, Hausdorff et al[14] demonstrated that stride
interval fluctuations are less correlated in elderly subjects.
Therefore, it is possible that influences other than disease
contributed to group differences. We should make
comparison between PD patients and elderly subjects .
We focused on the interpersonal synchronization for
walking. Meanwhile in the previous study, the intrapersonal
synchronization was also investigated. It was indicated that
arm swing is naturally coordinated with the legs for walking,
however, decreased synchronization of leg and arm
movements has been reported onset of PD [15][16] and Muto
et al.[17] analyzed a connection between interpersonal
automatic motor control and intrapersonal voluntary control
in corporative walk. Thus, we need to consider the
intrapersonal synchronization and investigate the relationship
between interpersonal synchrony and intrapersonal
synchrony.

M.J Hove and K.Suzuki offered the gait data to us. We are
deeply grateful to them.
REFERENCES
[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

773

- 3LDJHW ³3OD\ 'UHDPV DQG ,PLWDWLRQ LQ &KLOGKRRG ´ W. W. Norton
& Co Inc., (1962).
& &DVWHOIUDQFKL ) GH 5RVLV DQG ) *UDVVR ³'HFHSWLRQ DQG VXVSLFLRQ
in medical interactions: towards a VLPXODWLRQ RI EHOLHYDEOH ´ Y. Wilks,
Machine Conversations, Kluwer Int. Series in Engineering and
Computer Science, Kluwer, pp. 126-144, (1999),
Y.MiyakeGInterpersonal synchronization of body motion and the
Walk-Mate walking support robot,G IEEE Transactions on Robotics*
25-3, pp.638-644 (2009).
T. Muto, B. Herzberger, J. Hermsdörfer, Y. Miyake, E.
3|SSHO ´,QWHUDFWLYH JDLW WUDLQLQJ GHYLFH ³:DON-0DWH´ IRU KHPLSDUHWLF
VWURNH UHKDELOLWDWLRQ ´ Proceedings of the 2007 IEEE/RSJ
International Conference on Intelligent Robots and Systems,
2268/2274 (2007)
H.Uchitomi,M.J.Hove, K.Suzuki, Y.Wada, T.Nishi, S.Orimo,
< 0L\DNH ³*DLW 5K\WKP RI 3DUNLQVRQ¶V 'LVHDVH 3DWLHQWV DQG DQ ,QWHU
SHUVRQDO 6\QFKURQ\ (PXODWLRQ 6\VWHP %DVHG RQ &RRSHUDWLYH *DLW ´
Biomedical Engineering and Cognitive Neuroscience for Healthcare:
Interdiscipilinary Application pp. 38-53(2012)
G.C.McIntosh, S.H.Brown, R.R.Rice, and M.H.Thaut 8 Rhythmic
auditory-mortor facilitation of gait patterns in patients with ParkinsonC
s disease*Journal of Neurology, and Psychiatry*62*pp.22-26
(1997),
M.H.Thaut * M.Abiru 8 Rhythmic Auditory Stimulation in rehabilitation of movement disorders8A Review of Current Research*
Music Perception*27-4*pp263-269 (2010).
J.M.Hausdorff, J.Lowenthal, T.Herman, L.Gruendlinger, C.Peretz,
and N.Giladi ³Rhythmic auditory stimulation modulates gait
variability in Parkinson C s disease´ * European Journal of
Neuroscience*26*pp.2369-2375 (2007),
0 - +RYH . 6X]XNL + 8FKLWRPL 6 2ULPR < 0L\DNH ³,QWHUDFWLYH
Rhythmic Auditory Stimulation Reinstates Natural 1/f Timing in Gait
RI 3DUNLQVRQ¶V 3DWLHQWV ´ PLoS ONE 7(3): e32600 (2012)
J.M.Hausdorff, P L.Purdon, C.-K.Peng, Z.Ladin, J Y.Wei * and
A.L.Goldberger ´Fractal dynamics of human gait: stability of
long-range correlation in stride interval fluctuation´ * Journal
American Physiological Society*80-5*pp.1448-1457 (1996),
J.M.Hausdorff, GGait dynamics in ParkinsonCs disease8Common
and distinct behavior among stride length * gait variability * and
fractal-like scaling,G CHAOS * 19-2 * pp.026113-1 - 026113-14
(2009),
Y.Kuramoto, ³Chemical oscillation, waves and turbulence,´
Springer-Verlag (1984),
C.-K.Peng*S.Havlin*H.E.Stanley*and A.L.Goldberger .
³Quantification of scaling exponents and crossover phenomena in
nonstationary heartbeat time series,´ CHAOS*5-1,pp.82-87 (1995),
J.M.Hausdorff,*S. L. Mitchell. R.Firtion*H.E.Stanley*C.K.Peng,
M.E. Cudkowicz, J.Y. Wei and A.L.Goldberger .³Altered fractal
dynamics of gait: reduced stride-interval correlations with aging and
+XQWLQJWRQ¶V GLVHDVH,´ Journal of Applied Physiology *
82-1,pp.262-269 (1997).
V.Dietz, J.Michel.GLocomotion in ParkinsonCs disease8neoronal
coupling of upper and lower limbs.G Brain*131-12*pp.3421-31
(2008),
I.Carpinella, P.Crenna, A.Marzegan, M.Rabuffetti, M.Rizzone,
L.Lopiano, M.Ferrarin, et al. ³Effect of L-dopa and Subthalamic
Nucleus stimulation on arm and leg swing during gait in Parkinson¶s
Disease,´ Conf Proc IEEE Eng Med Biol Soc, pp6665-8(2007).
T.Muto, Y.Miyake. ³Dual-Hieraechical Control Mechanism of
Interpersonal Embodied Interactions in Coorporative Walking,´
Journal of Advanced Computational Intelligence and Intelligent
Informatics, pp534-544(2011)

