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Highlights 

• 
Numerical simulations. 

• 
RNFTSMC vs Super Twisting controller. 

• 
Trajectory tracking. 

• 
Convergence in finite time. 

• 
Compensation of matched and unmatched disturbances (such as the 
mass change). 

• 
Reduction of the chattering effect produced by the slow frequency of 
actuators. 

• 
Discontinuous controller. 

Abstract 



In this paper, a Nonsingular Fast Terminal Sliding Mode Control 
(RNFTSMC) is proposed to regulate the position of a mobile lower limb 
exoskeleton powered by linear actuators with four degrees of freedom. The 
developed lower limb exoskeleton has the purpose to assist the sit-to-stand 
and stand-to-sit tasks for people with spinal cord injury (SCI) or elderly 
people. Currently most of the developed lower limb exoskeletons are dealing 
with the presence of uncertainties (unmodeled dynamics) and external 
disturbances (mass changes, opposite forces), caused by the high complexity 
of the human limbs dynamics. The RNFTSMC has the purpose of dealing 
with these uncertainties, ensuring a rapid convergence in finite time to the 
desired position, and reducing the chattering effect produced by the nature of 
the controller actuators. 

The human intention movements have been detected using an sEMG signal 
classifier performed by the Myo Armband device and processed to activate 
the preprogrammed routines in the RNFTSMC. The desired paths for the knee 
and hip exoskeleton joints were obtained by recording data from a volunteer 
who rises from a chair and sat on it, using a motion capture system. To 
evaluate the effectiveness of the proposed control scheme, real-time 
experiments under three different scenarios have been carried out. 
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