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N a m e K a w i n n a  N i p a t p h o n s a k u n  

Title Slip-Turning Motion of the Musculoskeletal Robot on Toe Joints Using DSP-SLIP Model 
(DSP-SLIP ) 

Abstract of Thesis  
 
This study focused on the slip-turning motion of the musculoskeletal robot by utilizing the biomechanic 
properties of the foot in the motion. In the first topic, we investigate the slip-turning motion of the 
musculoskeletal robot on toe joints. The robot successfully executed the turning motion based on the 
human’s spin turn despite its limited range of movements. Additionally, turning experiments on 
different types of feet were done to compare the effect of foot structure in the slip-turning motion. The 
results showed that slip-turning on the foot with toe joints has a reduced frictional torque and an 
increased rotational angle compared to turning on the foot without toe joints. With its passive stiffness 
from plantar intrinsic muscle (PIM), the foot could prevent the toe from over-dorsiflexion, which might 
help improve stability. In comparison, the active type of the foot with PIM could generate even stronger 
propulsion in a trade-off with its stability. 
 
In the second topic, we described the turning mechanism of the robot using the double-support parallel 
spring-loaded inverted pendulum (DSP-SLIP) model, which is possible due to its compliant structure 
and tried to improve the stability of the motion with the intrinsic toe joint stabilization with PIM. The 
experiments were done to prove the leg’s compliance during the motion rendered the model possible, 
and the preset stiffness of PIM could help stabilize the foot posture, improving the robot’s stability. The 
results showed that the robot’s leg was in a compressed state, especially during the early phase of the 
motion, and by applying stiffness to the toe joint, the robot showed a short duration trying to regain its 
balance in the later phase of the motion, improving its overall postural stability. 
 
Finally, the study was extended to improve the optimization of motion using the friction control method 
in the dual mass DSP-SLIP model. The research suggested that by shifting the body weight in each foot, 
the robot could manipulate the frictional torque of the foot, resulting in the change of body rotational 
angle. The experiments were done by comparing the effect of changing the robot’s weight during the 
slip-turning motion and changing the swing duration of the leg. The results showed that by adding more 
weight to the swing leg, the robot would turn slower with higher frictional torque, trying to resist the 
motion with its structure, while it showed better stability. The increase in the swing duration will cause 
the robot propulsion to be stronger and accelerate the motion faster. 
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