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Table 1  Correlation coefficients between MS and Ang-KS activation patterns

k k
Cy )

k k
C3 Cy

ctt| 028+£024 —-0.25+0.17
cy' | 0.54£0.21 0.88 £+ 0.08

c3' | —0.35£0.26 —0.524+0.10
c;t | —0.25+£0.13 —-0.33+0.16

—-0.22+£0.11 0.09+0.19
—0.34£0.14 —-0.58+0.12
0.14 £0.25 0.49 £0.28
—0.29£0.12 0.56 +0.24

Table 2  Correlation coefficients between

MS and AngVel-KS activation patterns

k k
C G

k k Kk
Cs3 Cy Cs

cy' | 0284014 —-0.58+0.09 0.04

c'| 076+013 -0.21£0.11 -0.10£0.08 —-0.20+£0.11 —-0.20+0.17
cy' | —0.17+£0.09 085+0.07 —-029£0.05 -040+£0.06 —0.21+0.10

cy' | —0.10+£0.18 —-0.27+0.18 —-0.19£0.09 -0.24+0.12 0.714+0.19

+0.17 0.50+0.17 —0.03£0.24
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Fig. 3  Correlation coefficients between MS
and AngVel-KS for changes in walking speed

%, GMED I3/BIEi 2/ iS¢ 2 B = 2+,
F72, 1 DH®D AngVel-KS O EE LR ER
LTH/ADD, H/IR, K/FLX, A/INV %32¥
BNE. ¥boDYFY—bmEINEIICENE
fbtLTwa. KEEPUSER & K/FLX ORfRICHE
H3 2%y, KRERPUSEM S OMEIGEZ £ T Tw
T, K/FLXEHC 7L —F %22 T0W5 L
225, 2, EAHIEICE W 22
HiNOERELRINT 2HKETH D EZHN5.
%72, GMED & H/ADD OBfRICIEEHT 2 &,
GMED (3O MINHE 242 CTW»WT, H/ADD i
BT L —F 2 TR I IiCkb. U,
KEIBE L T3 & ZICEHBREPLE S 55
BETHsEZLNS. FRRICHEEZIT-> TV
{k, 220H®D MS OHEREIZARDHITTICTEE L
TV ZTHTAICHILUAE RV E S ITT 5%

AE, 3 DH®D MS OHRREIE 23HIE 5> & Bt 72
X EBEETE R L2 MED SR HERE, 4
DHD MS OHREIZIHIZHRD L Tnd & Zi
WRBEEI D 2IICHEST 20127 L — X 20T %
HEETH B EZHNS.

Rz, HBITHEDZELIC K > T MS OFEHED
EDEIIENT 22OV TEREET-o> TV
. LIFTIE, RELT1I2HDMS IZ2WT
ERE2To TV HTHEENHEL R, 1D
HoD MS 1281 % KBRPUSER OIEE) D E| & 53 E
{7Y, GMED OIEBIOEEMEL 125, 2D
ERED, 12HDO MS X, KEETIXERE
LE S BHEAEDS, EnRE TIIRBIEI AN OHE
ZWI S 2 HEREDS, MRANCIR < BT uw b ke
EZZoNhb. ¥/, 33HiLD, 1DOHOMS &
1 DH®D AngVel-KS OMHBIE, (KD & A1k
2 CTRBICEL R 5 2 WO RS S h
7. ®IGT 3 MS & AngVel-KS OMHEERTHN &
= MS 3B fiEZ —EIRD X 512, HEE
ARV & MSIZREFiOEBNIC 7Y 72 F 20k
TL—%%E2F3 X ERAL TV LR
2ZeDTES. ZORRIE, BITHEDHL
3y, 1DOH®D MS OMRENEBONEZ —
TENZIROBERED O IRBIEI DS 2B B3 2 DI
TL—F TSR Lz B L
TWAAREND D 5.

-0 —



i
|

5.

ARWFETIE, R 2EEOHITHBNC BT 5
s o — e EEY > -0 2TV, Zh
5OREMEE ST U2, T2, BFIAEICmZ
T, BAEifAEED S b EHIS Y — DR LT
7o, ZORGER, BEIAREED HEE X i EE)
Y-, BEME> SR INER S
V—&kbhd, Y- RO R E R
DZeZmLl. MIGT 2>+ — biEE)>
FO—RWTZZET, T Y —DHEREIC
DWCHMBR AN 21T 5 Z L DSR[REIC IR o T2

SHBROBELL LT, HAPHED ED TR, £
T OBEEEIC BT, AFETIEREL
727 Ta—FWHTF Y —OMRER RS 2 D
WHMTH20BEEL TV T e ons.

SE

1) Andrea d’Avella, Philippe Saltiel, and Emilio
Bizzi. Combinations of muscle synergies in the
construction of a natural motor behavior. Na-
ture neuroscience, Vol. 6, No. 3, pp. 300-308,
2003.

2) Yuri P Ivanenko, Richard E Poppele, and
Francesco Lacquaniti. Five basic muscle ac-
tivation patterns account for muscle activity
during human locomotion. The Journal of
physiology, Vol. 556, No. 1, pp. 267282, 2004.

3) Yuri P Ivanenko, Germana Cappellini, Nadia
Dominici, Richard E Poppele, and Francesco
Lacquaniti. Coordination of locomotion with
voluntary movements in humans. Journal of
Neuroscience, Vol. 25, No. 31, pp. 7238-7253,
2005.

4) Lena H Ting and Jane M Macpherson. A lim-
ited set of muscle synergies for force control
during a postural task. Journal of neurophys-
iology, Vol. 93, No. 1, pp. 609-613, 2005.

5) Richard R Neptune, David J Clark, and
Steven A Kautz. Modular control of human
walking: a simulation study. Journal of biome-
chanics, Vol. 42, No. 9, pp. 1282-1287, 2009.

6) Sina Esmaeili, Hojjat Karami, Mina Baniasad,
Mahya Shojaeefard, and Farzam Farahmand.
The association between motor modules and
movement primitives of gait: A muscle and
kinematic synergy study. Journal of Biome-
chanics, Vol. 134, p. 110997, 2022.

-7 -

7)

10)

Benio Kibushi, Shota Hagio, Toshio Moritani,
and Motoki Kouzaki. Speed-dependent modu-
lation of muscle activity based on muscle syn-
ergies during treadmill walking. Frontiers in
human neuroscience, Vol. 12, p. 4, 2018.

Jonathan Camargo, Aditya Ramanathan, Will
Flanagan, and Aaron Young. A comprehen-
sive, open-source dataset of lower limb biome-
chanics in multiple conditions of stairs, ramps,
and level-ground ambulation and transitions.
Journal of Biomechanics, Vol. 119, p. 110320,
2021.

Daniel D Lee and H Sebastian Seung. Learn-
ing the parts of objects by non-negative matrix
factorization. Nature, Vol. 401, No. 6755, pp.
788-791, 1999.

Richard W Bohannon and A Williams An-
drews. Normal walking speed: a descriptive
meta-analysis. Physiotherapy, Vol. 97, No. 3,
pp- 182-189, 2011.



