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Abstract
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ENEETD . TLT,BRABEEATICEN YN EBEHIBTTHEEORKRDESE LT
BU, ChzB2E@BETFIINTEULT , AR 71U ZZEHLE . COAINI T 1IILE
ZAVT , BRABICLDESEZ /A XERBLTEYKRE  EXFBEER-EEOEND
BRODEFESEELL . ChZEETHESHISELSIVT , ERAIBICKZDESEZMEL - .
R, EXRBEZEELE L TERRBICLPESEZRGMEFILE ERRBZEADEL ,
FAEMEFHLULERABICRPESEZHNIETEIIATLEZREL T 4RO mERKZS
L ChE2ZROEEERBOBICOMEL , TOBY SEFRARKERS - . BERARKE , 2HZEE
EO0SHZBETH 21z . 5i& R , STHPONABESOEEERARBERRETHY) , RETZE
RV ORIRBARBICEMETH > 12 . RAIBEF ZAEEREL , AREICL 2 NEIBES O
BErSHAMEHOEEZ RO THMEZRBEL D E , IONMEBETH > 12 . £z, ENZRE
A CHEMER DBEURFEREL THEZRBEED L, 800nm/radBETH 271z . Chs5d
Bld , BEOHREEFABETH 2. AMRICK>T , KRAFZAVT , TROFHE 2EEO
BMERRFICHETD N TREICK Y L.
Muscle stiffness has been estimated by fixating participant's hand or leg to an measurement
equipment. Therefore the muscle stiffness during quiet standing is unknown. Force plate has been
used to measure center of pressure (COP) fluctuation, and the area and length of the fluctuation
ere evaluated. It has been never used to estimate muscle stiffness. Six young male participated in
the experiment. A participant stood on the force plate and their medial gastrocnemius muscles
were electrically stimulated. The COP fluctuation was measured. The COP fluctuation involved
intrinsic fluctuation and electrically induced fluctuation. Therefore, the intrinsic fluctuation was
model with an autoregressive (AR) model. The AR model was used to construct a Kalman filter.
The Kalman filter was used to smooth the measured signal to extract the electrically induced
fluctuation. The electrically induced fluctuation was synchronously averaged. The averaged signal
was used to estimate the transfer function from the electrical stimulation to the fluctuation. The
transfer function was identified as the fourth-order model. The fourth-oder model has two natural
frequencies. They were approximately 2 and 0.5 Hz. The natural frequency of 2 Hz provided the
medial gastrocnemius muscle stiffness of 30 N/m. The natural frequency of 0.5 Hz provided the
ankle stiffness of 800 N/rad. These stiffness were closed to those in previous reports. This study
proposed a novel method to estimate muscle and ankle stiffness using a force plate.
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Muscle stiffness estimation during quiet standing

1. HIREBRFROBE
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2. MIRERRAEEOBE FER)

Muscle stiffness has been estimated by fixating participant’s hand or leg to an measurement equipment. Therefore the muscle
stiffness during quiet standing is unknown. Force plate has been used to measure center of pressure (COP) fluctuation, and the area
and length of the fluctuation ere evaluated. It has been never used to estimate muscle stiffness. Six young male participated in the
experiment. A participant stood on the force plate and their medial gastrocnemius muscles were electrically stimulated. The COP
fluctuation was measured. The COP fluctuation involved intrinsic fluctuation and electrically induced fluctuation. Therefore, the
intrinsic fluctuation was model with an autoregressive (AR) model. The AR model was used to construct a Kalman filter. The Kalman
filter was used to smooth the measured signal to extract the electrically induced fluctuation. The electrically induced fluctuation was
synchronously averaged. The averaged signal was used to estimate the transfer function from the electrical stimulation to the
fluctuation. The transfer function was identified as the fourth—order model. The fourth—oder model has two natural frequencies. They
were approximately 2 and 0.5 Hz. The natural frequency of 2 Hz provided the medial gastrocnemius muscle stiffness of 30 N/m. The
natural frequency of 0.5 Hz provided the ankle stiffness of 800 N/rad. These stiffness were closed to those in previous reports. This
study proposed a novel method to estimate muscle and ankle stiffness using a force plate.
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