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The introduction of series elastic actuators (SEAs) in impedance control is an established area of robotics [1-3], and variable 

impedance control is now a popular area of research [3, 4]. Use of SEAs in admittance control
1
, however, may at best seem 

irrelevant to those interested in variable impedance control, and at worst prone to degrade performance. I will attempt to make a 

logical case for:  

1) admittance control in many applications that interact with inherently compliant objects, including humans. 

2) Intentional use of SEA in these admittance control paradigms to increase signal fidelity and feedback gains. One this 

contention is accepted, a logical corollary is the inclusion of variable compliance adjusted on a subject and task basis. 

 

1) A case for admittance control to achieve a transparent haptic interface 

Supposition A): Human interfaces are often compliant.  

The majority of interfaces with humans are compliant, due to the soft tissue surrounding bones. In many cases, the compliance of 

human interfaces [1] surpasses that used in SEAs. This observation has often been neglected in designing SEAs that interact with 

humans, in which the environment has historically been conceptualized as an inertial mass [2] rather than a compliant spring.  

Supposition B): Admittance devices should be used when the commanded virtual impedance is always greater than the 

environmental impedance.  

Maintaining stability and passivity [3] over the entire range of both virtual (commanded) and environmental impedance is a 

critical factor in choosing an impedance or admittance paradigm, which in turn affects the performance of the device. Impedance 

devices become unstable when they interact with an environment that is substantially more compliant than their commanded 

impedance; conversely, admittance devices become unstable when they interact with an environment that is substantially stiffer 

than their commanded stiffness [4]. 

Contention: For many design applications of transparent
2
 haptic devices interfacing with humans, although both the commanded 

and environmental impedance varies, the environmental stiffness of the human is always less than the commanded impedance of 

the device.
3
 In these cases, higher performance limits can be achieved while ensuring stability and passivity by using admittance 

design and control than using impedance control. A virtual coupler must be added for any haptic display to be passive in 

interaction with any environment [4-6]
4
. This virtual coupler takes on a different form for impedance displays, in which the 

maximum impedance is saturated through a virtual spring and damper in parallel, and for admittance displays, in which the 

minimum impedance is saturated through a virtual mass and damper in parallel. Although impedance and admittance virtual 

couplers are corollaries to each other, they provide different situations of worst-case stability [4]. In the case of a compliant 

environment interacting with stiffer virtual haptic display, admittance displays provide greater performance. 

2) A case for SEAs in admittance control 

Supposition A): The threshold of perception for maximum stiffness is relatively low in humans (40 N/mm) [5]. There is 

little sense in designing a transparent haptic device that is stiffer than humans can perceive. 

Supposition B): Force sensors achieve greater fidelity with greater compliance. Load cells, commonly used in haptics, 

measure displacement, similar to linear potentiometers placed in parallel with a series elastic element. Linear potentiometers 

achieve greater signal fidelity than load cells because the amount of displacement for a given load is greater [6]. 

Contention: An elastic element slightly stiffer than the maximum perceived stiffness of humans should always be placed in 

admittance devices. Doing so will improve the signal fidelity of the force transducer without affecting the perceived stiffness of 

the device.  

Allowing for variable compliance on a user or task basis would result in passivity over a wider range of admittances. This 

greater stability in turn allows for feedback settings that result in higher performance, which in turn improve the frequency 

response and decrease the effects of nonlinearities such as friction. As in impedance control, this intentional compliance may 

either be put in series after the transmission [7], in series with the transmission ground and the actuator ground [8], or before the 

transmission. Although all three placements improve the fidelity of force sensors, only the first two locations saturate reflected 

inertia and thus protect the transmission, and only the last two solutions allow for sensors that don’t rotate with the output shaft. 

My presentation will cover these topics, present some examples of stable design windows as they relate to human perception for 

impedance and admittance devices with variable compliance, and briefly discuss an implementation of a variable compliance 

admittance device if time permits. 

                                                           

1 Admittance control requires the accurate generation of movement and the accurate sensing of force. Admittance devices tend to be non-backdrivable, high-

inertia devices in order to ensure accurate position generation. In contrast, impedance control requires the accurate generation of forces and the accurate sensing of 

displacements. Impedance devices tend to be backdrivable, low inertia devices in order to ensure accurate force generation, although the introduction of SEAs has 

allowed non-backdrivable devices to achieve high fidelity impedance control.  
2 Hybrid or alternative hybrid 2-port models 
3 One example of this phenomenon is a haptic device in series with the shoulder harness of a user that interacts with a virtual or remote body-powered prosthesis. 
4 It is important to note that in addition to these virtual couplers, an impedance display must have a minimum physical viscosity [7], and an admittance display 

must have a minimum physical compliance [4], in order to ensure passivity. 
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