
Muscle Activity Analysis Focused on Differences in Lower Limb Motion in 

Applying Automotive Pedal 

 

 

   Shinji Komatsu 1)    Takanobu Kawano 1)    Etsugo Yanagida 2)    

  1) SOKEN, INC. 

 500-20 Minamiyama, Komenoki-cho, Nisshin, Aichi, 470-0111, Japan (E-mail: shinji.komatsu.j4s@soken-labs.co. jp) 

2) DENSO CORP. 

1-1 Showa-cho, Kariya, Aichi, 448-8661, Japan                            

KEY WORDS: Human engineering, Biomechanics, Operability, Brake Pedal, Electromyography [C2] 

A Considering that the linearity between braking pedal force and soleus muscle activity is an important factor for improving operability, 

we analyzed how the lower limb muscle activity changes with differences in lower limb motion and operating force point caused by the 

direction of a pedal movement. Two types of commercial vehicles (Vehicles Ⅰ and Ⅱ) with pendant-type brake pedals and different 

installation geometries were used in this study. The experimenter instructed the subjects to "operate the brake pedal of the Test Vehicle Ⅰ 

with the heel fixed and a ball of the foot" (Pattern ①; Fig. 1-a). On the other hand, when using the Test Vehicle Ⅱ, subjects were instructed 

to "operate the brake pedal with heel fixation & toe " (Pattern ②; Fig. 1-b) and "operate the brake pedal with heel shift" (Pattern ③; Figure 

1-c). Electromyograph sensors were attached to measure the electromyographic (EMG) potentials of the lower limb muscles during brake 

pedal application, including a soleus muscle. 

The coefficient of determination (R2) between braking pedal 

force and soleus EMG was obtained from the data of 10 trials 

for each operation pattern for 4 subjects (Fig. 2). The 

coefficient of determination was high for the Pattern ① in all 

four subjects. Similarly, the coefficient of determination was 

high for the Pattern ②. In 2 out of 4 subjects, the coefficient 

of determination showed a significant high for the Pattern ① 

compared with the Pattern ②. The coefficient of determination 

for Pattern ③ varied widely and tended to be lower than those 

for the Pattern ① and ②. 

The above results indicate that when the direction of a pedal 

movement and a ball of the foot motion are matched, the 

operation is performed with heel fixation and ankle plantar 

flexion, and a ball of the foot plays a role of the operating force 

point to press a pedal. This effect was found to be highly linear 

between braking pedal force and EMG of soleus.  
Fig.2 Coefficient of determination between Braking Pedal Force 

and EMG of Soleus per subjects 

   

   

   

   

   

   

                            

 
 
  
  
  
  
  
 
  
 
  
  
 
  
  
  
 
  
 

 
  
 

        
        
        

               

        

 
 

 
   

  

                          

               

 
 
 
 
 

     

       

     

            

               

         

      

   

                          

               

Fig.1 Images for Pedal and BOF Movements per Pedal Operation Patterns (①～③) 

 

(a) Pattern①: Heel fix & Pressing 

with Ball of Foot (via Test Vehicle Ⅰ) 

(b) Pattern②: Heel fix & Pressing 

with Toe (via Test Vehicle Ⅱ) 
 

 (c) Pattern③: Heel shift 

(via Test Vehicle Ⅱ) 

                          

               

     

文献番号講演番号

2022 JSAE Congress (Autumn) - Summarized Paper 
Issued on October 7, 2022

246 20226246


