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We estimated the mechanical effects of wire assist suit on load-carrying. The wire assist device is a soft exosuit with four 
independently controllable actuators per assisted joint, with the wires crossed over each other at the front and rear. In this study, 
we used this assist suit to assist hip extension in stance phase during load-carrying. To estimate mechanical effects on hip 
moment, we made assist suit model in virtual ergonomic assessment system with human model and solved inverse kinematics. 
Additionally, we investigated on kinematic parameters to estimate the effects of load-carrying and assist suit on human walking. 
As a result, the assist suit decreased the hip extension moment in stance phase and the angular impulse during extension torque 
exertion by 25% compared to load-carrying with no assist device. From a kinematic point of view, the assist suit decreased the 
step length and the ratio of swing phase during load-carrying.  
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Figure 1. Outline of assist system 
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Figure 2. Control system configuration 

Figure 3. Experiment of assist suit 
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 First Step Second Step Stride 
Length 

(m) 
Time 

(s) 
Length 

(m) 
Time 

(s) 
Length 

(m)  
Velocity 

(m/s)

Normal 0.671 0.550 0.634 0.560 1.31 1.17 

Carry 0.639 0.525 0.617 0.530 1.26 1.18 

Suit 0.595 0.515 0.622 0.530 1.22 1.16 

Assist 0.543 0.495 0.600 0.465 1.14 1.18 

 Extension moment 
phase(%) 

Flexion moment  
phase (%) 

Normal 3~22 63~96 0~2 23~62 97~100
Carry 1~34 62~96 0 35~61 97~100 
Suit 1~32 64~92 0 33~63 93~100 

Assist 3~26 68~94 0~2 27~67 95~100

Figure 4. Stick picture of trunk and lower limb 

Table 1. Step, stride and velocity 

Figure 5. Sagital hip angle 

Figure 6. Sagital hip moment 

Table 2. Extension and flexion phase of stride  
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 Stance phase (%) Swing phase (%) 
Normal 49.5 50.5 
Carry 49.8 50.2 
Suit 49.3 50.7 

Assist 51.6 48.4 

 Angular impulse (10^3*N m) 
Normal 0.947 
Carry 2.16 
Suit 2.03 

Assist 1.62 

Figure 7. Sagital femur angle 

Table 4. Angular impulse of extention period in stance phase   

Table 3. Stance and swing phase ratio of stride  
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