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Robots having a continuous interaction with humans in
order to perform collaborative movements — like all kinds
of rehabilitation and assistive devices — have to address the
challenges related to the human-robot interface. For example,
a deviation from the “desired” trajectory by the human has
to be interpreted by the robot either as a perturbation (to be
corrected by the robot controller), or as a change of the desired
trajectory (requiring therefore an adaptation of this trajectory
in the robot’s “brain”). Developing smart controllers balancing
between these two extremes is a field of extensive research in
rehabilitation robotics.

Recently, we developed a new framework to address this
challenge in the special case of cyclical tasks (e.g. walking).
Our approach is based on adaptive oscillators, i.e. mathe-
matical tools developed by [1] for various applications like
imitation learning and signal processing. Adaptive oscillators
are based on classical oscillators (like Hopf or phase oscilla-
tors) having the capacity to synchronize with a periodic input.
Moreover, their state space is augmented, such that the input
features (e.g. frequency and amplitude/envelope) are learned
and stored in dedicated state variables. These oscillators can
therefore deal with non-stationary (or quasi-periodic) inputs,
the time constants governing the state variables evolution
being parametrized by the oscillator gains. Very importantly,
in steady-state regime, the oscillator output is synchronized
with the input, with no phase lag.

This contribution presents three main results. First, when
the oscillator input and output are in phase (i.e. steady-state),
an estimate of the input derivatives (velocity, acceleration) can
be derived in real-time, i.e. with no delay with respect to the
actual kinematics. This result is relevant for various robotics
applications dealing with cyclical tasks. Indeed, computing
the derivatives of a noisy input is no longer affected by the
ubiquitous trade-off between phase lag and smoothness (the
smoother — or more filtered — the signal, the larger the
delay between the actual and estimated kinematics), like with
Kalman filtering: Adaptive oscillators can provide estimates
which both filter out the high frequency noise, and are unde-
layed with respect to the input kinematics.

Second, we illustrate that these estimates can be plugged
into an inverse dynamic model of a simple task (rhythmic
elbow movements) to get a real-time estimate of the torque
applied by the human. Using an elbow exoskeleton (the
NEUROExos), we were able to provide movement assistance

Fig. 1. Picture of an healthy subject wearing the LOPES.

by feeding back a fraction of this estimated torque [2].
Third, we extended this approach to a walking task, using

the LOPES device (Figure 1). In this case, an inverse dynamic
model of the task cannot be easily derived, because of the
complex body morphology and lack of independent ground
reaction forces at both feet. Therefore, we used the adaptive
oscillator to anticipate the participant’s movement, and to
attract him/her to this own future with an appropriate force
field [3]. Importantly, the participant kept the freedom to
change the movement kinematics, for instance in order to
maximally exploit the assistance provided by the exoskeleton.

Our results clearly demonstrate the assistance efficiency, and
the capacity for the participant to continuously change the task
parameters (frequency, etc.). This approach is promising since
it combines the main desirable features to develop innovative
protocols for robot-assisted rehabilitation: trajectory-free as-
sistance, simple sensors, and assist-as-needed [4].
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