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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.
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Fig. 1 Synergy Model

goooooooooooooooooooooon
00000 Decomposition AIgorithrHZ)DDDDDD
00000000 ooooooomtoooooo
00000000000SN aw(t-t) 000000
goooboobooooooobooobooood
goooooooog
goobo0oboooboooobooboobooo
oooooooboooboooooooobooo
gooobooboooooooooobooooda
goodobobbouoooouobbbbuooo
goobooboboobboooboboooboooo
0000o0oooo0ooooDooooono (X-n)oo
O000000oo0ooOooOoOo 10000000000
gooboooboooboooouoboooboo
gooooobooooobooobobooooooo
0000000000000 0o0o0RRO0000OO0O0
goooooooooooooooooooooaoo
goooobobobbooooooobbboogo
23 00DOOOODoDOOoOoOoO gooooo
gobobddododdddoooooouooooo
00ooooo 30000o0ooooooooooog
goooooooobooooboooboooboo
0oooooobooboooboooobooobooo
dodooooooooooooo 3o0ooooan
gooboooboboboooboooboooboo
gooooooooobooobooobooboo
goooooooooooooooooooooon
Odooooooooooooooooooo 4000
godooboobobbooboobbooboooobo
nooooooooo®o



(a) Front View

(b) Back View (c) Joint Angle

Fig. 2 Musculoskeletal System
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Fig. 3 Determination of Synergies Number

(c) Synergy 3

(d) Synergy 4
Fig. 4 Extracted Synergies
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Table 1 Time Delay for Each Synergy
W1 W2 W3 Wy
0.36| 0.80| 0.94 | 1.39
0.68 | 0.28 | 0.29 | 0.66

Mean Time Delay [s]
STD Time Delay [s]

Table 2 Start Time of Each Phase

I Il 11 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

W1 W» 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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Fig. 5 Standing-up with Synergies
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