
  

  

Abstract— objectively comparing the performance of 
variable stiffness actuator (VSA) designs is difficult due to the 
limited amount of performance indicators and the absence of 
the required data in literature to use these indicators. Therefore 
we introduce the Adjustment Space Ratio (ASR) and the linear 
regression coefficient (R²) as two performance indicators which 
are extracted from the torque-deflection curve, experimental 
data which is commonly published in literature. We used these 
indicators to quantify the performance of 17 actuator designs. 
While they showed differences between individual designs, we 
did not identify clear differences between classes of designs, 
classified by their working principle. 

I. INTRODUCTION 

There is a limited amount of performance indicators 
discussed in literature for the objective quantification of the 
performance of variable stiffness actuator (VSA) designs. 
Therefore designers often introduce their own performance 
indicators. When comparing the performance of multiple 
VSA designs these indicators cannot always be used due to 
the absence of data in the literature. This paper intends to 
introduce two generic performance indicators, the Adjustment 
Space Ratio (ASR) and the linear regression coefficient (R²). 
These indicators will be used to quantify the performance of 
existing VSA designs. 

II. METHODS 

The performance indicators are based on two desired 
characteristics of a VSA: (1) a wide range of effective output 
stiffness and (2) a constant apparent output stiffness at all 
stiffness settings, both throughout their range of motion. 
Using the torque-deflection curve the Adjustment Space Ratio 
(ASR) is defined as the ratio between the surface area of the 
possible torque-deflection relations and the surface area 
bounded by the minimum and maximum allowable torque 
and deflection of the VSA. Fig. 1 illustrates these two surface 
areas, where a1 to an denote the different stiffness settings. 
The linear regression coefficient (R²) of the torque-deflection 
curve is used as an indicator to determine to what extend the 
apparent output stiffness of a VSA is constant. The value of 
both dimensionless indicators is in the range [0-1] where a 
score of 1 represents the best performance. 

An inventory of available VSA designs was made by 
means of a literature search. Designs were classified based on 

 
 

four working principles: Equilibrium, Antagonistic, Structure 
and Mechanically Controlled Stiffness (ECS, ACS, SCS and 
MCS respectively)[1]. Torque deflection characteristics were 
analyzed using Adobe Photoshop and Matlab algorithms. The 
performance of both individual designs and classes based on 
working principle were determined using the two discussed 
indicators.  

III.  RESULTS 

Out of 50 relevant scientific papers 22 papers discussed a 
new VSA design. For 17 designs the torque deflection curve 
could be used for the performance quantification. None were 
based on the ECS principle. The results are shown in Fig. 2.  

IV.  DISCUSSION 

Although Fig. 2 illustrates differences in performance 
between individual VSA designs, no clear distinctions can be 
made between classes of VSA designs based on the values of 
ASR and R². Note that the values of the indicators are based 
on data extracted from images of torque-deflection curves. 

V. CONCLUSION 

In this paper two indicators for the objective quantification 
of the performance of VSA designs were proposed. While 
they showed differences between individual designs, we did 
not identify clear differences between classes of designs, 
classified by their working principle using these two 
indicators alone. 
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Figure 1: Surface areas of a) the possible torque-deflection relations  
b)  area bounded by the minimum and maximum torque and deflection.  

 
Figure 2: Performance indicator scores for individual VSA designs, 
classified by their working principle. 


