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• BALANSens is a 3‐DOF parallel robot designed for 
personalized ankle rehabilitation within the I‐BAR 
framework.

• Ankle injuries affect mobility and balance, requiring 
extended rehabilitation. 

• Impedance control regulates the interaction between the 
human limb and robotic device, ensuring smooth 
rehabilitation movements.
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• Experimental Setup and Findings:
o Subject applied torque in neutral and dynamic 

conditions
o Measured response in DP and IE movements.    
o Impedance control achieved desired second-order 

dynamic response
o Demonstrated stable tracking of sinusoidal reference 

under external forces

Implementation and Results

• Impedance control for ankle rehabilitation is successfully 
implemented. 

• Load cell-based force measurement reduces costs while 
improving data accuracy. 

• Experimental results confirm the feasibility and 
effectiveness of the approach.           

• Future work includes real-time compliance adaptation and 
expansion to full balance rehabilitation.

Conclusion
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• Seven load cells placed under 
critical foot regions    

• Provides affordable and 
accurate torque estimation in 
dorsiflexion-plantarflexion 
(DP) and inversion-eversion 
(IE) directions

• Enables tracking of foot 
pressure distribution for 
rehabilitation assessment

Impedance Control
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Dorsiflexion-Plantarflexion (DP) movement: (A) Applied external torque by a human during DP movement (B) DP Angle(β): 
(Reference:dashedline ,Actual:solid-line) (C) Equivalent external torque on linear joints (Joint1:Red, Joint2:green and Joint3:blue), (green 
and blue overlapping) (D) JointTorques: (Joint1:Red, Joint2:green and Joint3:blue), (Reference torque: dashed-line, Actual torque:solid-
line) (E) Joint Positions: (Joint1:Red, Joint2:green and Joint3:blue), (Reference position: dashed-line, Actual position:solid-line

Inversion-Eversion (IE) movement:(A) Applied external torque by human during IE movement (B) IE Angle(α): (Reference:dashed-line, 
Actual:solidline) (C) Equivalent external torque on linear joints (Joint1:Red, Joint2:green and Joint3:blue) (D) Joint Torques: (Joint1:Red, 
Joint2:green and Joint3:blue), (Reference torque: dashed-line, Actual torque:solid-line) (E) Joint Positions:(Joint1:Red, Joint2:green and 
Joint3:blue), (Reference position: dashed-line, Actual position: solid-line


	Slide 1: Impedance Control for Ankle Preparation Phase in BALANSens Platform 

