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Fig. 2.1 Schematic of a pneumatic artificial muscle 
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Fig. 2.5 Relationship between the hip joint angle and the torque at the hip joint 
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Fig. 2.7 Control system of artificial muscles 
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Fig. 2.11 Movement of the subjects 
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Fig. 2.12 Mean of the measured EMG 
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Fig. 3.4 PGM contraction ratio based on load and air pressure 
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(a) Contraction ratio 
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Fig. 3.6 Comparison of contraction and elongation ratio of PGM and PM-10RF 
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(a) UPS design 

 
(b) UPS experiment 

Fig. 4.1 UPS design and PGM placement for walking assist 



 

26 
 

 

(a) Shoe with pump  

 

(b) shoe functionality 

Fig. 4.2 Shoe design 
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Fig. 4.6 Average muscle activities for all the subjects 

 

Table 4.1 Results of the statistical analysis 

   t-value DOF p-value 
RRectus femoris    11.005  88  00.037  
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(a) overview of device placement      (b) device parts and purpose 

Fig. 5.1 Device structure 
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Fig. 5.2 Air pump (rubber blower) on inner heel of shoe 
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Fig. 5.5 Evaluation of swing speed 
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Fig. 6.5 Characteristics of stretch fabric 
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(a) 0.1 [s]       (b) 0.5 [s]       (c) 0.9 [s] 

Fig. 6.9 Simulation pose 

 

Fig. 6.10 Simulated result of front side muscle 

 

Fig. 6.11 Simulated result of front back muscle 
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Fig. 6.12  Support Part Model 
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    (a) Front side                          (b) Back side 

Fig. 6.14 Average of four muscle activation at each attachment position 

 

  

(a) Front side            (b) Back side 

Fig. 6.15 Improvement rate of each attachment position 
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(a) Overview  (b) Compression suit   (c) Support parts 

Fig. 6.16 Support suit for evaluation 
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(a) Front side                   (b) Back side 

Fig. 6.17 Improvement rate for each attachment position 
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