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This paper presents the design and practical results of a simple rain sensor designed to detect and measure different levels of precipitation.   The sensor satisfactorily yields analogue measurement of precipitation suitable for use in conjunction with automated control systems, for example automotive systems; automated windscreen wipers and head light systems.

Introduction:  Research of human behaviour in all light and weather conditions has highlighted the need for automatic head lights particularly during critical weather conditions.[1]  Conventionally optical rain sensors are used in car automation.  However these sensors are integral components of windscreens.  Also, they are less than accurate in intense light or varying temperature conditions, so a reference sensor is required.[2]  All of these factors increase the costs of a car.  An alternative method is the equivalent circuit theory method which makes use of the difference between the electrical permeabilities of air and glass being significantly less than water.  This approach is similar to electric double layers method, which measures the electric pulse generated each time the electrode comes into contact with water, as opposed to an increase in capacitance.[3]  The equivalent circuit design would be cheap to manufacture and implement.
For automotive actuators, i.e. headlights, the system requires input data of the type of rain, i.e. light rain fall in order to trigger side lights on.  Fuzzy logic, in particular, lends itself to encapsulating human interpretation of weather conditions.[4]  Therefore fuzzy logic and the equivalent circuit approach has the potential to detect the type of rain precipitation.
Equivalent Circuit Design:  Two copper plates are applied to a glass surface (windscreen) to act as two plates of a capacitor, which can be modelled as two capacitors in parallel.  One capacitor is based upon fringe field operating through air between the plates and with electric permeability of μ=1. The second capacitor with a permeability of μ=3 (as the fringe field passes through the glass between the plates).  Upon the addition of water to the screen the equivalence of a third parallel capacitor occurs, as shown in Fig. 1, with an maximum electrical permeability, μ=80.  In theory, therefore, increasing the volume of water on the glass will increase the fringe field above the glass significantly, providing a distinctive variable for measurement that implies the level of precipitation, i.e. the total capacitance of the circuit is proportional to the total precipitation on the glass surface. 

This circuit is not restricted to the windscreen, other windows can be utilised, i.e. wing mirrors, car lights, essentially anywhere there is a glass surface that will collect degrees of precipitation.
The sensor is connected to the following circuit design, Fig 2, where C5 is the rain sensor (equivalent circuit Fig 1).  Also, as can be seen from the circuit design, an oscillatory method is used to measure the total capacitance by determining the current flowing through the sensor.
Results:  Initial experimental studies indicate that for a greater sensory operational range a large resistance value for R3 is required, as illustrated in Table 1.  However R3 must not exceed 2.5 M( otherwise the circuit current saturates.
Fig 3 shows the change in the circuit output voltage as a result of changes in the total capacitance of the sensor, C5, due to precipitation on the sensor.

The relationship between the output voltage and total capacitance is very non-linear, for control purposes this is not ideal.  However the shape of the relationship between these two variables, Fig. 3, generates a relationship that is similar to the BH magnetisation curve.  Like the BH curve, it has three distinctive component ranges, which lends itself to fuzzy logic control to encapsulate the heuristics that determine the regions of operation.[5].
Resultant Fuzzy Logic Input: The number of fuzzy sets and range of each fuzzy set was based upon the practical results of the operational range of the sensor, Fig 3, i.e. three distinct regions.  Also, triangular membership functions were chosen, as shown in Fig 4.  Practical experience of a low number of Gaussian fuzzy sets yields only marginal improvement.[5]  Never the less, a greater number of Gaussian fuzzy sets would in theory give a superior response, however the fuzzy system design is constrained by the capabilities of the embedded chip and the actual requirements of the system.  This fuzzy logic input device can be combined with a light conditions fuzzy logic input device, an appropriate rule base and headlight fuzzy logic output to achieve car headlight automation.

[image: image2.wmf]0

2

4

6

8

10

12

0.1

0.2

0.3

0.4

0.5

Capacitance, pf

Output Voltage, volts

[image: image3.wmf]0

2

4

6

8

50

100

Capacitance, pf

Membership

Conclusions and Future Improvements: An alternative rain sensor has been successfully developed, which is significantly cheaper than a conventional optical solution.  Equally, it is not restricted to being fixed to the windscreen.  The resultant sensory output range, though non-linear, can be harnessed in fuzzy logic terms and has the potential to be combined with other sensory information to automate car headlights.
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Table 1: Relationship between resistance value of R3, the output voltage and equivalent capacitance.

	Equivalent Capacitance
	Output Voltage for R3

	
	750K(
	820K(
	1.82M(
	2.5M(

	0pF
	0.035V
	0.043V
	0.114V
	0.153V

	2.2 pF
	0.037V
	0.046V
	0.109V
	0.156V

	3.3 pF
	0.39V
	0.08V
	0.116V
	0.167V

	5.6 pF
	0.103V
	0.123V
	0.292V
	0.415V

	7.8 pF
	0.105V
	0.126V
	0.222V
	0.423V

	8.9 pF
	0.106V
	0.127V
	0.299V
	0.432V

	10.2 pF
	0.108V
	0.13V
	0.305V
	0.436V


Fig 1. Capacitor equivalent circuit

Fig 2. Sensor circuit design
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Fig 3: Output voltage of circuit versus sensor capacitance
Fig 4: Fuzzy logic rain input set
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