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Introduction. The majority of innovations in the automotive industry are 

based around electronics and software. Many functions traditionally carried out in a 

vehicle by mechanical or pneumatic systems are being replaced with electronic 

systems – such as steer by wire and brake by wire solutions. There is also an 

increasing amount of infotainment capability in modern cars, further increasing their 

reliance on electronics. Controlling the electronic systems are complex Electronic 

Control Units (ECUs) which can number up to one hundred in modern luxury 

vehicles [1]. Due to the complex nature of a system of ECUs such as that found in a 

vehicle and their inherent safety critical nature, the design and testing process of 

ECUs must be thorough and conform to industry safety standards, whilst remaining 

efficient to maintain competitiveness for the company. 

 
To achieve efficient and comprehensive testing of ECUs, many automotive 

companies used model based design and testing techniques. Figure 1 shows the 

classic V-model (adapted from [2]) for product development with added information 

detailing the types of models used at the different stages. In this project, a generic 

model of the windscreen wiper system is to be developed which can be used in a 

number of design and development stages. Most importantly, the model must be able 

to simulate in real-time to be used for the Hardware in the Loop (HIL) testing of the 

ECUs. 
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Figure 1 – V Model 
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Wiper System Generic Model
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Figure 1 – Generic Model Structure 

 

HIL is a method of testing in which a real ECU is interfaced, via a real-time 

simulator, with simulation models of it inputs and outputs [3], in this case the 

windscreen wiper system. It is an efficient way of testing the ECUs and is the final 

testing phase before the full vehicle tests. 

The main goals are to design a generic model of the windscreen wiper system 

and develop control strategies to optimise performance. 

Modelling strategy. The model should be as generic as possible, meaning that 

it can represent the entire wiper system product range of an automotive company and 

be used for different types of analysis, such as HIL simulation, control system design 

and vibration analysis. A visual representation of how the model is organised can be 

seen in Figure 2. 

The generic model is completely contained within the Simulink environment 

and at its top level is separated into different product ranges. The models underneath 

each product range have largely the same structures, with different parameters 

defining the system behaviour. The actual model of the wiper system is broadly split 

into three sub systems, namely: The Wiper Motor, the Linkages and the 

Blades/Windscreen. Each individual sub-system contains mathematic models of the 

same system but at a different complexity. For example the wiper motor can be 

represented by steady state differential equations, dynamic differential equations, an 

analytical model or a finite element model depending on the behaviour being 

simulated and the speed of simulation required. For HIL testing, steady state or 

dynamic differential equations will be used to achieve real-time simulation. 

An important aspect of a model such as this is that, no matter the complexity of 

the selected sub-system, the I/O must be the same so any combination of sub systems 

can be connected if wished. The advantages of having a fully integrate generic model 
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such as thisis its flexibility to be used in many different scenarios and the ease at 

which design changes and model upgrades can be incorporated. 

Load Due to Speed of Vehicle. One important aspect of the wiper system 

behaviour which is often ignored in other such models is the force exerted by the air 

flow over the windscreen caused by the velocity of the vehicle. This has a direct 

effect on the load of the wiper motor and the vibrations of the blades. Reducing the 

vibrations of the blades is desirable because it improves the performance and lifetime 

of the blades and reduces annoyance to the occupants due to noise. Figure 3 shows an 

example of Finite Element Analysis techniques being used to determine the force 

caused by the air flow over the windscreen. 

Summary. This report introduces a project currently being undertaken at the 

University of Warwick whose main goals are to design a generic model of the 

windscreen wiper system and develop control strategies to optimise performance. The 

model must be flexible enough to be used in real-time simulation for HIL testing of 

ECUs and also be able to capture more complex behaviour such as the vibration of 

the blades in order to test control strategies. 
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Figure 2 – Air Flow Simulation 

 


