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Motivation

1. Acceleration is extremely essential in dynamical modeling,
assistance planning, and motion intention estimation of exoskeleton
systems.

2. Acceleration cannot be directly measured by existing commonly
used sensors. Moreover, due to the complex interaction
disturbances and fast-changing acceleration signals, accurate
acceleration estimation remains challenging.

3. The performances of existing acceleration reconstruction
schemes depend on the initial states, and the reconstruction errors
are not constrained, which seriously limit the practical applications
of the acceleration observer.

4. To the best knowledge of the authors, initial-state-irrelevant and
observation-error-constrained techniques have not been well
explored for acceleration observation.



Main idea

1. The acceleration reconstruction error can be constrained with
the barrier Lyapunov function.

2. The predefined convergence time that is independent of
disturbances and the initial states can be obtained via a fixed-
time control technique.

3. To eliminate the complex human-exoskeleton interaction
disturbances, a radial basis function neural network is used to
learn the model parameters and approximate the disturbances.



Method

1. We present a new exponential-type barrier Lyapunov function
(EBLF) to address the error constraint issue, and reveal the
equivalence between EBLF and the commonly used quadratic
function when there are no constraints. Different from the log-
type barrier Lyapunov function, EBLF is a more general
Lyapunov function that can also be applied in a non-constrained
system.
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Method

2. To obtain fixed-time convergence, fractional power sliding
model control is designed to guarantee the initial state and
disturbance-irrelevant convergence.
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Method

3. To enhance the control performance, a radial basis function
neural network (RBFNN) with an adaptive weight matrix law is
proposed to approximate and attenuate most disturbances, and
the remaining perturbation is left to the sliding mode control law

to suppress .
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Method

4. Based on EBLF, the fractional power sliding control law, and the
RBFNN disturbance observer, an acceleration reconstruction
scheme is developed, in which the convergence time is irrelevant
to the initial states or disturbance, but dependent on the chosen
parameters, and the observation errors are strictly limited within the
prescribed error bounds.
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Simulation on the 2-link model
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Major results

Walking experiments with exoskeleton assistance

Fig. 10 Walking assistance with robotic exoskeleton
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Major results

Sit-to-stand experiments with exoskeleton assistance

Fig. 17 A
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Conclusions

1. Both the simulation and physical experiments validate the
unique properties of the proposed algorithm, i.e., fixed-time
convergence, initial state irrelevance, high reconstruction
accuracy, perfect disturbance suppression, and excellent static-
dynamic performance.

2. Compared with the linear differential observer, the estimation
performance is strongly improved in dynamic motions like
walking and is also enhanced in static motions like squatting,
which account for most of the activities of daily living.

Table 4 Performance comparison

. . - ._ —
g i RMSE (rad/s<) Maximum error (rad/s?)
Scenario . )
Proposed scheme Linear observer Reduction Proposed scheme Linear observer Reduction
Walking 3.15 18.85 82.29% 10.55 51.53 79.52%

—————

Squatting 1.76 2.00 12.08% 4.31 9.98 56.75%
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