4C4

RSJ2013RS4C4 ©2013 RSJ

ERETINERWREEFEDORIUEFDO > F Y —

Qi AN*!, )11 HECL !, whIl ol !, I Az *2,
PIT e R TR N S - i
Synergy Analysis of Sit-to-Stand Motions of Healthy Young People

Using Musculoskeletal System
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These days, many elderly people have suffered due to declined physical ability. In
order to improve their functional mobility, a standing-up motion is analyzed based on muscle
coordination (synergy). The synergy analysis was applied, and effects of extracted synergies
on human joints were calculated using the musculoskeletal system. As a result, the standing-up
motion can be divided into four important muscle synergies: the first synergy works as motion
preparing before starting the motion, the second synergy corresponds to hip rising and carrying
center of mass forward, the third synergy dorsiflexes ankle and extending upper body, and the
last synergy stabilize body posture after standing-up.

Key Words : Muscle Synergy Analysis, Standing-up, Musculoskeletal System

1. & Fi

BEOBMBEICE T % 65 %L Lo Ei#E O N
Flx23% 2z, e fEZ &I LTws, M
WPEBIC X 2 HRBERE D2 D5, /DS s
WEOEIZEL FRLTEY, EiEDEROE DK
ToFEL WY, FmbE SN2 22 Tk
<, B % & TS REE DR A NN
FEIHERT 2 EE DO BRI - IR BHb KE 7%
HAREE o T2 @,

BSOS SGE L, S OEIROE % I
B0, TaFEZEEICET 2% 2To
TE, WYEENEZ 2 2 L CHEAETREEZE L
CPHEENS 7280, I3 HEEIEOR S & 7 5 T
BEECH 2P, F R EEE IR L TITAS Z
ElE, BEEFEEVED D ENEEOHEHAEE L 2o
TED, EIEEOIRIEEND

ESTEIEDO IR L LT, HHESI ETICERy F
E BT - HiRICE S N= oS T A N EE
ZBIFE L 729, AWE PN TEE O N BB O LS

B ROREREGE T R RS T2 (T 113-8656 3
AR IX A 7-3-1) angi@robot.t.u-tokyo.ac.jp

2 HRURSABE AR ARG 22 Pt e v & — (T 113-8655
HASCR XA 7-3-1)

ZEHBEL, SEOMAZHELZZIMEHIE2 LS
Sz ToTwa, LaLl, BuEzEELED, &
RLENZETI AT 5720l SR O UEEDS
FIIATZ B LTSV,

TEEIERE DR 1T ) 72 0I12IF, B b oL 7 Z4
IEF TR, Z2OBEI BT 2HAICEH T 24
Eh D, LrLAads, HjEmhlL —=v itk
DMFEEDOBIRNIZ, 2D L —= v P 2iTo W LA
UCZRBORHCTR S B o4, [H U %5 thoEsi o
BTIFARRERBAS NN EDXREINTVLD
O F B O ED i1k, HBE O
Tk, EEOBEiPRHAZ BRS¢ CHIMT % 2
L E LnwO, 2o k5 IOEBIERS O YR 1L 2 S
FEDE E ITIRFT 2 b DT, WML —
=V TR 0,

2D, HEFEREOWEZT) 72011, K7
EZ DY DR B HEBH B, fit>T, BILEWL
5B E D & ) BHEHADIRENIC X > TR S T
05 UR, RN EEIRRESGE 7w 7T L 2 B
#T25-BhEis,

RESTENEDRNT 2 T 72 TgE & L ¢, Brikiug
PELOBEHOBEDLS, 40D 7 2 —RXHE LD

FI8MIaRT 4 7 AL R T (201383 H14A~150 - L)

— 413 —



DHH 27D I TEBD WA % BT L 7Tk
JBe « B - JEBHE 2 BB TR L T 5
HAZHS Iz LTwa® #E e oLk
thWﬁeﬁﬁwﬁﬁﬁ%mmt P L

Lo THEINHEHRE T VEET Z LT, &
OB EIZREL 7Y, Ui L, shfEgKE 71T
RO BRI N TE 6T, MiFEE
LRSI — A v b & BB D B GD 241
DIREEDMT 2 b0 7,

AL T, HEETRBIEIC B W CEE 2V EE
R, HiEE) - BEHLE - RAODFIZT, i
WOWHFHAFIEZHS T 5, 2 LT, MREIENEHY
REBLI-HERE T VERCT, MHINHRAD
TR & T B R O F BT O B) & O BfR % R
WICHOPICTEZ L2 HNET S,

2. F o

21 YFI—FFI >+ — & 1% Bermnstein 12
koTIREINLM&T, AMIEARE2E>HY
DEEPEROHA (3 F2—) 12 &> THFAWIZH
Hxhz & LTw3"0 Kl BifEh ofiGE %
B2 F 2= LN 5 7E S N HTEE O WIE D
BIAICER T 2 Evwd vy —eF7 2w 5

AW TR L 72> Y =702 (1) IT£ T,
AKETINTIE d BEOHNOHIEE 2 BT 2D &
L, &5 TSNS % m(t) & LT
T, m(t) OB (m'(1),m?(t),---m? ()T & DHER
NHZR7 MLV THD, KARZ FVOEETH D m/ (1)
X BHOBADOKH t 128 2HHEHI %R L T3

N
=N cwi(t—1;) (1)
i=1

COMIEENE NHD> + ¥ — wisy 5.y DERERIIC
J:o“CiIiUéWL w; (37 L (w He), ,?(t),~~~w;i(t))T
ko TN TwS, w iZiFHDYFY—
76,J§E®%W@@@T%é.%%@%@@m
CFY— w ILHKRE o 2T AR DR, K
MEN s 2> TRLADELDLDTH S,
y%? ETFNVOMERZR 1 I2£T. Blllsn

d HEOTEE I EN (X 1(@) 233 2D F¥—
(wl,wz,W3) DERELRICI>TEHREINTVS, 3
DD F Y —IFZNZF UL HIEHEMOWIE (K
1(c) ZFoTED, KL FP—FZNFNDFKFR
%((01,02,03) L IR (t1,12,83) T 5L TH
MEZYEEANER XD (K 1(b)) .

22 VFI-HWHEAE B S N7 @B O EE
AT OMTEED & > F ¥ =B L FKAREL, R

RSJ2013RS4C4 ©2013 RSJ

my (t)

my(t)

mg(t) : : :

R —

|2
]
t,
B —

(oY%

(b)
Synergy2 (w;) \ Synergy3 (ws)

/ Synergyl (w1)
cle

Fig. 1

Synergy Model

nxZnZndhil T 3720, FFAafETIIRT5HD
F1:TdH 5 Decomposition Algorithm'?% v 2, [
FIETIE, BSNZHERE (mi(1) LETLI
Ko GRS N Y cwi(t —1;) D%

DD B X )T, > F P —E & KR,
FiEEN2EH T 3.
ADESENES L DD F P — I k> TR E N

TWVLAPIEHS LTI\, AW, #hild
323 F P —DEENEE, EFIVORE LML,
ENTEIEZRER T 5 TP —DBERET 5.

T TN DOIEERGE DB I35ERGRE 2 V%,
BOBENMTH S BN S NABEF— 2 13 (X-1) o
IN—=TOHHHT—% & 1D 7N — 7 DkEEH
F=riZ7vyrcgEEn, JEHT—y 25 €T
VEEH L, BGEHT— 2 I TOBERGEZ (T, ©F
IVORSERGEICB LT, IERBR? 2732, H
%5 =IO WTIRERBZF L, B
E2HET2DIC TRy F2 —DBERET 5.

23 VFI—CBEHMEOER AL TIES
TV =B EKEE EOREZEE 00 % HR D
7o®, Tl 3B (8 - B - B DJm -
WOWTHEHLE, v FY—EFuroB8HINs &
WOWEENIG %2, T— X v b7 — LERHKEN 2%
J& L 728 TS AT L IR0 3 B 4 2L
BB LT, Y —OREIEIUEICNT 5%
H2 AT 5. FBEfioMERITmAT, SN
el 247 9 7280, AEESZEIEOBER I & SR E LD
FHZIT», SrifgticiEon Gz EifEx 4 DD 5
%7 x—A (GEEIEAR - BOBAT - LikMRE - &
sezEfb) 1w aEl 29,

— 414 —



(a) Front View (b) Back View

(c) Joint Angle

Fig. 2 Musculoskeletal System
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Table 1 Time Delay for Each Synergy

w1 %) w3 W4
Mean Time Delay [s] || 0.36 | 0.80 | 0.94 | 1.39
STD Time Delay [s] || 0.68 | 0.28 | 0.29 | 0.66

Table 2 Start Time of Each Phase
I 11 III v

Mean Start Time [s] || 0.78 | 1.1 1.4 2.2
STD Time Delay [s] || 0.16 | 0.17 | 0.17 | 0.22

Table 3 Contribution of Each Synergy

Wi wr w3 Wy

Hip [%] -6.5 | 112.5 | 92.7 | 66.8
Knee [%] || 30.9 | 74.0 125.8 | 53.0
Ankle [%] || 20.5 | -296.0 | 63.9 | 44.1
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