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Automotive wiper systems are one of the most important safety components, which move
back and forth over the windshield to remove water droplets and dirt to ensure the driver's
visibility. The overrun, a phenomenon in which the wiper misses the target reversal position,
and the chatter vibration and delay after wiper reversal caused by nonlinear friction can
cause poor visibility, noise, and wiper breakage. These problems were conventionally dealt
with by mechanical design. However, the recent demand for longer and lighter wipers due to
the expansion of windshield glass makes it difficult to solve them. Therefore, control
technology for wipers is becoming more and more important. This paper proposes control
methods to reduce overrun, chattering vibration and delay after reversal caused by nonlinear
friction, in order to provide safe and comfortable visibility to the driver under all conditions.

As a previous study of overrun reduction, the optimization of wiper motion trajectories using
an evaluation function for the overrun was studied. Considering the demand for energy
saving of automobiles due to the recent tightening of regulations on emissions and fuel
consumption, this paper extends the previous study and proposes a multi-objective
optimization that considers both the overrun and the current. We generate response surfaces
experimentally that show the relationship between the adjustment variables of the wiper
motion trajectory, overrun, and current. Using the generated response surfaces, we optimized
the motion trajectory with the overrun and the current as objective functions.

As previous studies on reducing chattering vibration, vibration control using EKF and state
FB was proposed. However, in these studies, the effects of perturbations such as variations in
rubber friction and state estimation errors are not clear, and the robustness of the control is
an issue. This paper analyzes the robust stability of the control system in order to evaluate
the robustness of the chatter vibration control. In the analysis, the change of friction due to
rubber degradation and the error of state estimation by the estimator are defined as
perturbations, and the small gain theorem is applied by assuming that the system to be a
Lu're system with nonlinearities in friction. Furthermore, we compared the results of the
stability analysis with the simulation results of the wiper model to validate the stability
analysis.

As typical friction compensation methods, feedforward compensation using a friction model
and disturbance observer using a linear model were studied. Considering industrial
applications such as wipers, where microcontroller processing performance is limited, it is
desirable to use friction compensation methods with as little computational complexity as
possible. In this paper, we study simple and adaptive friction compensation using integral
sign reversal of the linear PI control for the wiper to establish friction compensation suitable
for the wiper products. Through mathematical analysis, we confirm that the friction
compensation by sign reversal of an integral term is feasible for the wiper where the control
input and nonlinear friction act on different points, and verify the effectiveness of the friction
compensation through simulation and experiment.




