
Moving Horizon Friction State and Parameter Estimation

Max Boegli, Tinne De Laet, Joris De Schutter and Jan Swevers
Department of Mechanical Engineering, Division PMA, KU Leuven, B-3001 Leuven, Belgium

Email: max.boegli@mech.kuleuven.be

In this research, real-time Moving Horizon Estimation
(MHE) algorithms are developed for on-line state and pa-
rameter estimation of advanced friction models, in order
to compensate the effect of friction in model-based motion
control systems.

1 Moving Horizon Estimation

MHE aims at finding states z and parameters p that are more
consistent with current and past system data, such as the ac-
tuation force u and the position q of a moving massm in the
considered friction modeling case (Fig. 1). MHE solves an
optimization problem over a finite-time T horizon, by mini-
mizing a cost function:

min.
z,p

Jproc(z,p, T ) + Jmeas(z,p, T ) + Ji.c.(z0,p), (1)

with a trade-off between minimizing process disturbances,
measurement errors, and prior information, respectively.
Two different MHE algorithms are implemented: 1) an un-
constrained Nonlinear Least-Squares (NLS) problem and
2) a Constrained Gauss-Newton (CGN) method used in
ACADO Code Generation [1]. In real-time implementa-
tion, only one Gauss-Newton iteration is solved at each time
step, after the oldest information have been discarded and
replaced by the newest one through adequate data shifting.

2 Friction Model

To benefit from efficient gradient-based optimization tech-
niques used in MHE, a smoothed version of the Generalized
Maxwell-Slip (GMS) friction model, called S-GMS, was de-
veloped in [2] and consists of an analytical set of ODEs:

ż(t) = q̇(t) [Inz×1 −Υ(z,p, q̇)z(t)] . (2)

The state vector z ∈ Rnz represents spring deflections of
nz internal elements. The diagonal matrix Υ(z,p, q̇) con-
tains normalized smoothing functions describing presliding
behavior and Stribeck effect, which are defined by a set of
parameters p. The resulting friction of an object moving at
velocity q̇ is given by

yf = κTz + σT ż + σv q̇, (3)

with a stiffness vector κ ⊂ p, an optional micro-viscous
friction coefficient vectorσ and a macro-viscous friction co-
efficient σv . While describing all essential friction charac-
teristics, the S-GMS is a generalized friction model that nat-
urally includes well-known single-state LuGre and Elasto-
Plastic models as special cases [2].
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Figure 1: System Overview

3 Results

The developed algorithms are experimentally validated on
a dedicated direct-drive XY positioning table, used in op-
tical wafer inspection. Results from MHE algorithms are
compared to those from an Extended Kalman Filter (EKF)
for joint state and parameter estimation. They show an im-
proved performance of MHE over EKF in term of friction
estimation accuracy and parameter convergence.
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