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Recent works in robotics, and specifically in the field of bipedal walkers, have demonstrated that high 
performances can be achieved by carefully designing the mechanical structure of the robot to attain an 
adequate level of structurally embodied intelligence. Our efforts aim at applying these concepts to the 
development of a novel assistive lower limbs exoskeleton in which the dynamics of the human body and that 
of the robot interact in order to have proper walking as an emergent behavior.  
Since the system must properly respond and adapt to the impedance patterns of human walking, actuation 
modules with tunable dynamical properties have to be integrated. To cope with this necessity a Variable 
Impedance Differential Actuator (VIDA) has been designed. 
The VIDA comprises one DC motor (Position Regulator, PR) and an impedance-controlled rotary Series 
Elastic Actuator [1] (Impedance Regulator, IR) connected to a harmonic drive used in differential 
configuration. In particular, the wave generator (WG) is connected to the PR, the circular spline (CS) to the 
IR and the flexible spline (FS) to the output shaft. A scheme of the VIDA is reported in Fig. 1-A. The torsion 
spring in the IR was designed and optimized using FEM (material: steel type 18Ni, alloy 350; diameter: 70  
mm; thickness: 5 mm; torsional stiffness: 200 N m/rad). Figure 1 shows an overview of the custom spring 
(B) and of the VIDA (C). 
 

 

Figure 1: A- Block diagram of the VIDA architecture; B - Torsional spring; C - Overview of the VIDA design. 1: encoders, 2: 
Maxon EC motors, 3: harmonic drive, 4: spring, 5: output link. Overall dimensions: 150 x 85 x 100 mm3. 

The proposed architecture enables a control strategy where the equilibrium position and the impedance field 
are simultaneously and independently regulated, adopting simple SISO control laws. The regulation of the 
equilibrium position is demanded to a position control of the PR. The IR is controlled as in [2]: an inner PI 
velocity loop is implemented to use the actuator as a velocity source and an external loop is used to control 
the torque. An additional outer loop, closed on the output angle, implements the impedance control. 
Simulations show that in over-damped conditions the VIDA allows a quicker positioning than the SEA, also 
with a low output stiffness.  
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