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Coordinated Motion Control of Ankle and Hip Joints during Quiet Standing
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With the aim of understanding about neural control strategy for human quiet standi

ng, we conducted metering experiment of postural sway for healthy subject and Parkinson®s disease patient,
and mathematical simulation of human model. We clarifid that hiﬁ joint is moving during quiet standing po

sture from the metering experiment for healthy subject, and the hip motion plays an important role to keep
the quiet standing posture from the mathematical simulation. By comparison in dynamics of healthy subject

and Parkinson®s disease patient during standing posture, it is indicated that destabilization of standing

posture of Parkinson"s disease patient arise from crash of flexible control mechanism which is shown in h
ealthy subject.



Uncontrolled Manifold

Ky/mgh=10.3

S Ap—

108 103

Ankle Hip O [rad]
g

Ky/mgh=0.5

10° :
B i V1 e
0 N
3

ot L TTTT 1 i I 11 |

Ankle Hip 6 [rad]
Et

o] L] 17 17 177
= IOTW Kifmel ]L 0y —— O = O
A
g o ]

off
z it Y I I o N B o A M

0 2 4 Time [s] 6 8 10
1
Hip Strategy
1
Ky/mgh=1.0
Ankle

Strategy



=03

Kp/mgh

=05

Ky/mgh

Kp/mgh=1.0

'h

h

Dn

(PD )

Pp/mgh=0.6

Py/mgh=0.4

.
.

00 0270406 081
Pa/ mgh

%08 1
00 02°04 0608

Pa/ mgh

Prostate

Specific Antigen (PSA)

on off

Region Dividing Method
Region Dividing Method

(a) (b)
0.15 ; 0.15—=
-V =Foft i RuAT
oIy Y=o} _ O
= i =
0.05F- ! 0.05
1
L ' ,
(Ve : —>—1 O=tpy; ;
5 10 15 20 0.05 0.I 0.15
X4D X4D
3.
@ (b)

(Region Dividing Method).

(@) 1
0.8
0.6

Stable

0.4
0.2 Unstable

0.2 0.4 0.6 0.8
m x 104

(b)

0.8

0.6 Stable

0.4
0.2

Unstable

0.2 0.4 0.6 0.8 1
m x 104

4. @
(b) Region

Dividing Method



312
2014 69-79
312
2014 10-19
Yasuyuki  Suzuki, Daichi Sakai,
Taishin  Nomura, Yoshito Hirata,

Kazuyuki Aihara, A new protocol for

intermittent androgen suppression
therapy of prostate cancer with
unstable saddle-point dynamics,
Journal of Theoretical Biology,

350 2014 1-16

Naoya Yoshikawa, Yasuyuki Suzuki,
Ken Kiyono, Taishin Nomura, A

Theoretical Study on a Computational
Algorithm  for Human  Posture
Estimation Based on Motion Capture
of Small Number of Markers, Advanced
Biomedical Engineering, 2
2013, 107-116

294
2013 1-15

Yasuyuki Suzuki, Taishin Nomura, An
Intermittent Control of a Double
Inverted Pendulum: Relationship
between Control Strategy and Hip
Joint Stiffness, JSST 2013
International Conference on
Simulation Technology

Toshiyuki Hatta, Tomohisa Yamamoto,
Yasuyuki Suzuki, Ken Kiyono, Taishin
Nomura, Marker-less Motion Capture
System with Kinect and Foot Pressure
Distribution Measurement, 35th
Annual International Conference of the
IEEE EMBS, Osaka, Japan

Yasuyuki Suzuki, Taishin Nomura,
Maura Casadio, Pietro Morasso, An
Intermittent Control of a Double
Inverted Pendulum: Roles of Hip
Motions Examined with Human
Postural Sway, SIAM Conference on
Applications of Dynamical Systems
(DS2013), Snowbird, Utah, USA
Taishin Nomura, Yasuyuki Suzuki,

o

Tomohisa Yamamoto, Ken Kiyono,
Pietro Morasso, Bifurcation Analysis
An Intermittent Control Model During
Human Quiet Stance: A Possible
Mechanism of Postural Sway, SIAM
Conference  on  Applications  of
Dynamical Systems (DS2013),
Snowbird, Utah, USA

SUZUKI Yasuyuki



