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System Identification of Abductor Digiti Minimi Muscle using Electromyogram
and Mechanomyogram

«T'. Uchiyama and T. Kato (Keio University)

Abstract— The purpose of this study is to propose a method to estimated muscle stiffness using elec-
tromyogram (EMG) and mechanomyogram (MMG). The participant was instructed to generate twitch like
abduction force of the digiti minimi muscle. The EMG was measured with disposabel Ag-AgCl surface elec-
trodes and the MMG was measured with a capacitor microphone. The envelope of the EMG (hEMG) was
extracted using Hilbert transformation. The transfer function from the hEMG to the MMG was identified.
The natural frequency of the transfer function, as an index of the muscle stiffness, was calculated. The
natural frequency were close to that estimated from the evoked MMG.
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Fig. 1: Experimental setup

WEETS, avFryeAf a7y TeHllL LB
%, EETHTE 0.16-100 Hz DNV FANZA 7 4 L F 2
L, ¥EL 7% (FA v 365 . 2=2KE%2 Y v 7RO
F— 7 C/MNEIMER O KEICEIE L 72, EMG & MMG
7Y v 7 REEE10 kHz T AD £ (cRIO-9215,
FaFAAL VAN RX YY) L,

WNREL, 10 s OFHHIEHIZ, NREDEED S A
S VU CHIERRIC ) &2 1 R L 72, WRAE IR, PC
DOMENICERIN T2 HEEICAEDE 2 X ) ITHUY
MRS Z AT 2 X ) IR L7, BRI, sk
BUE S (Maximum Voluntary Contraction; MVC)
D10, 30, 50 BXONT0%E L7, HEfEZZ{LI 83
ZEiE, HEHEM OB A ZLI Y S 2 LITHIET 5,

F7, kDX BRI K-> THEHINL
MMG % FHI U 7. BRI AR F T <L R &
L, 7OV RIE 500 ps THIBUREZ R L L7, &R
HE oML 30 B & L7z,

2.2 B

1 OGBS 2R D 5 & &, FifgiEx i
I 2. AZETiE, EMG % BHGEE Il L 220
T, 1 EOIEEEMS D 2 I ZHEOES L
LCitillE s, EMG 13, fiffEZz{nb 24 8OiGEH)
B2 725D TH 205, EMG DK% il
L7, afgsiofiticid, Hilbert 2#a% F\v7z,
EMG Oaigiiz AL, MMG 233
AT b%, #4rZ2iE (subspace-based state space

17PR0002/0000-0845 © 2017 SICE



Q

0.4
S 0.2
E
g 0.0
o 024
-0.4
T T T T T
26 28 30 32 34
b Time (s)
0.4
s ]
E 0.2
o 0.0 ol A ProccaMameit
E -0.2 1
=
-0.4 4
T T T T T
2.6 2.8 _3.0 3.2 3.4
¢ Time (s)
15
1.0
2 05
Q
S 00
=

-0.5
-1.0

26 28 30 32 34

Time (s)
Fig. 2: Typical examples of EMG and MMG
(70%MVC). a: raw EMG, b: envelope of EMG

(hEMG), ¢: MMG
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Fig. 3: Observed and approximated MMGs at vari-
ous contraction levels. a: 10% MVC, b: 30% MVC,
c: 50% MVC, d: 70% MVC, e: evoked MMG. Dot-
ted and solid lines denote observed and approximated
MMGs, respectively.
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Fig. 4: Relationship between contraction level and
natural frequency. Average and standard deviation
of the eight participants. The solid line denotes the
regression line.
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