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Executive Summary

Technological advances continue to enhance the safety and convenience of modern automobiles. Unfortunately, the increasing complexity of vehicles and the prevalence of mobile devices such as cell phones pose additional distractions for drivers. One feature designed to ease the burden on vehicle operators is the automatic rain-sensing wiper system, which detects rain on the windshield and automatically turns on the automobile’s wipers. This work is concerned with developing a new rain sensor based on capacitive-sensing technology to replace current optical sensor units, which can be prone to error. Capacitive-sensing relies on interactions with an electric field to determine the presence and location of an object. This capacitive rain sensor will utilize this property to detect the presence of moisture on the windshield and send signals to control the wipers accordingly. The prototype unit will be designed and built by ECE 480 Design Team 6 and displayed at Michigan State University’s Design Day in April, 2010.   
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Introduction
In the past two decades, the automobile industry has aggressively researched ways to exploit modern computing and electronic advances in the development of safety, reliability, and enhanced driver-interface technologies for vehicles. With each new model year, the array of technical features in automobiles continues to grow to unprecedented size. Previously remarkable and rare devices such as auto-dimming mirrors and rear-view cameras have become standard features in the modern era. Today consumers expect their automobile to be able to connect to their MP3 player, provide GPS-assisted visual directions, and allow hands-free phone calls via Bluetooth technology. While these features have improved the driving experience for many, they also highlight the increasingly common interaction between driver and electronic gadgetry during vehicle operation. These interactions can often become a dangerous distraction to the driver, who must take their eyes off the road to attend to the device. 
One feature designed to reduce driver distraction and add convenience is the automatic rain-sensing wiper system. These systems detect droplets of rain on the windshield and automatically turn on the wiper system, allowing the driver to focus on driving. Current rain-sensing systems use an optical sensor to determine the presence of moisture on the windshield, and relay data to a body control module to control the wipers accordingly. However, these optical systems are prone to errors, are physically bulky, and more expensive than necessary to make them a feature in most cars.
ECE 480 Design Team 6, together with the Hyundai Kia American Technical Center (HATCI), proposes the development of a capacitive-sense based automatic rain sensing wiper system to replace current optical units. The capacitive based sensor will provide greater accuracy, reduced size, and lower cost than the optical design. The capacitive sensor will mount to the interior of the windshield near the rear-view mirror in the same location as the optical unit, but with reduced physical size. The sensor circuitry will share similar communication and power interfaces with the optical unit to aid in rapid implementation. Control signals from the capacitive-sensor will be routed to a microcontroller in the prototype design, and will route to the body control module (BCM) in production designs to control the wiper motors.  
Background

Current automatic rain-sensing wiper systems use optical sensors exclusively as the tool to detect precipitation. In this design, infrared beams are transmitted, reflected, and measured to determine the presence of water. Early systems were inaccurate and produced many false readings, leading to the operator often turning the feature off. Modern optical sensors have improved accuracy but still suffer from being overly expensive and somewhat bulky, taking up a volume similar to that of a fist near the rear-view mirror on the interior of the vehicle. Additionally, the accuracy, while improved, could still be enhanced further. 
One alternative method to detect the presence of water on a windshield is the use of capacitive-sensing technology. Capacitive sensors are used in a variety of products and applications today, including popular items such as the iPod, where the familiar “scroll-wheel” is in fact a series of capacitive sensors arranged in a circular pattern. Most modern touch-pads use capacitive sensing technology, including the Zune HD and iPod Touch MP3 players. Some appliances and products now use capacitive-sensors instead of traditional buttons or switches. These sensors require no moving parts and can maintain a sleek, uninterrupted profile on a product. 

By itself, a capacitor is one of the most basic circuit elements used in all electronics, along with the inductor and resistor. Essentially, a capacitor can be thought of as two conductive plates, separated by a non-conductive material called a dielectric. When a voltage is applied to one plate, an electric field is created between the two plates, aided by the dielectric which has special properties to maximize the electric field strength in the gap, which holds a charge. The capacitors impedance, or resistance to the flow of current, is very large at low frequencies and DC and decreases as frequency goes up. It is thus often used as a filtering device in analog circuits, and as an integrator. 

Capacitive-sensing takes advantage of the fact that, if a capacitor’s electric fields are allowed to disperse over a large area and are not confined, that one can interfere with these electric fields to change the capacitance value of the capacitor. This change in capacitance can then be read by a monitoring circuit and programmed to perform actions based on readings. To allow the electric fields, known as “fringe fields”, to disperse freely, one must build a unique capacitor. Circuit element capacitors are designed to contain the electric field completely; capacitive-sense capacitors are designed to maximize the exposed fringe fields. Since many capacitive-sense applications involve buttons or touch pads, capacitive-sense capacitors are often laid out on a flat printed circuit board as unassuming traces of copper. These don’t look like a traditional capacitor at all, but there is capacitance formed between the traces, or between the trace and an interfering object.
There are two distinct types of capacitive-sensing technology: single-electrode and dual-electrode. Single-electrode design involves only one trace on the sensor itself, and the interfering object, such as a finger, acts as the other “trace” and establishes an electric field which changes the capacitance of the system. The problem with this is the interfering object must be grounded in order for this to work effectively.
Dual-electrode design has two traces laid out on the sensor board. This allows the electric fields to operate between the two traces at all times. The design of the traces is such as to maximize the fringing electric fields away from the traces, where they can be interfered with. When a conductive or dielectric object interferes with these fringe fields, the capacitance value of the system again changes. In this system, the object need not necessarily be grounded for functionality. Because rainwater itself is not grounded, the design of the capacitive rain sensor will follow this dual-electrode design route.

HATCI had previously been contracted with a company called Enterprise Electronics who had been designing a capacitive sensor for this application, but development was halted. Companies such as PREH, located out of Germany, have been able to create an accurate multifunction device which includes a capacitive rain sensor, and also includes a humidity and temperature sensor. However, these extra features were deemed not necessary for Hyundai vehicles, and the overall cost of the system was far too expensive to be a practical alternative to optical designs. This project is thus aimed at developing an affordable and accurate capacitive sensor for automatic rain-sensing wiper control. ECE 480 Design Team 6 will design and build a working prototype unit and display its functionality at Design Day in April of 2010.
Design Specifications
The following specifications will guide the design of the capacitive rain sensor and must be met in the prototype unit for display at Design Day:
· Functionality
· Detect and report the presence of one drop of water placed on top of a 6 mm thick glass windshield above the sensor pad area
· Route this signal to a microcontroller or body control module to activate the wiper motors

· Accuracy

· Be able to distinguish between rain and other foreign objects, such as a human hand, so as to not report false positives

· Provide varying signals or signal levels depending on the amount of rain present on the windshield; at least two separate outputs (light rain, heavy rain)
· Be shielded and protected from power line and radio frequency electrical noise, or filter out this noise, to prevent false positives or other complications
· Be able to operate accurately in a variety of temperatures and humidity levels

· Compatibility

· Device fits in existing Hyundai optical rain sensor housing area (840 mm
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) and is optimized to be as compact as possible
· Device mounts to interior of windshield via adhesive
· Device has capability to interface with the Hyundai vehicle’s Body Control Module, an electronic control unit which controls the vehicle’s windshield wipers
· Cost
· Estimated production cost less than Hyundai’s current optical rain sensor design (<$15/unit)
Description of Conceptual Designs 

Design Team 6 has proposed a number of variations on a similar design scheme to meet the criteria listed in the design specifications. The design of this capacitive rain sensor can be broken down into four components: the physical capacitor traces acting as the sensor; a circuit to monitor this capacitance value to detect changes and relay data; a microcontroller to interpret this data and perform software algorithms to determine windshield wiper actions; and a power supply to provide proper and steady voltage to the circuits.
The capacitor trace layout is the true sensor of a capacitive sensor system, as it is what produces the electric fields that can interact with foreign objects. As stated previously in the background section, the proposed rain sensor will utilize a dual-electrode design, meaning that there will be two separate traces on the circuit board, both spaced very close together to allow a base capacitance of around 1 – 10 pico Farads to form. When excited with a high frequency AC voltage, an electric field will form between the two traces and fringe into the area around the board as well. The design of these traces is extremely important to the functionality of a capacitive sensor system, as different shapes and sizes will produce different electric field patterns. Also important is the permittivity of the materials used above (and to a lesser degree, below) the sensor traces. Permittivity is a measure of a materials ability to transmit an electric field and is often measured as a variable called the dielectric constant, 
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[image: image4.wmf]e

 allow for better transmission of electric fields. 
Another vital component in the design is a circuit to monitor the capacitance of the sensor traces and send a signal to the microcontroller if a change is detected. While this circuit could be constructed by our design team using standard op-amps and circuit components, this would require extensive design time. The proposed design will exploit integrated circuit chips on the market specifically designed to do such a task, called capacitance-to-digital converters (CtDs). Examples of suppliers of such chips include Analog Devices, Freescale Semiconductor, and Omron. These chips vary in a number of areas: number of channels (sensors) that can be read; single or dual-electrode design; sampling rate; bit accuracy; sensitivity; base capacitance tolerance, and power consumption. 

The CtD chip will interface with a microcontroller, which will act as the body control module in the prototype design. The CtD chip constantly updates the microcontroller with a reading of the capacitance value. The microcontroller can be programmed to determine when the presence of water is detected due to a specific change in capacitance value, and can also be programmed to differentiate between water and other objects. In a final production design, this microcontroller would actually be the body control module of the Hyundai vehicle, which contains control software for the vehicles electronics such as the windshield wipers. Due to the complexity of the body control module and the short length of time available on this project, the prototype rain sensor will only interface with a microcontroller chosen by Design Team 6 to mimic the body control module. HATCI will then be able to integrate this design into their vehicle with slight modifications required due to new control hardware. There are many microcontrollers on the market that could perform the necessary tasks, but one that can be programmed in C++ is ideal to allow for easy coding.
Additional design variables include using multiple smaller sensors instead of one larger sensor. The placement of these sensors could also be varied and tested to provide best performance. For example, eight sensors could be arrayed along the top of the windshield in the tinted area, and the wipers would only turn on when two of the sensors went active in under 10 seconds of time.
Proposed Solution

Design Team 6 proposes a design we believe will best meet all design requirements. The capacitive rain sensor system will be a compact, self-contained and shielded unit occupying a space smaller than the current optical sensor. It will mount and attach to the windshield using 3M non-conductive adhesive. The entire system will be contained in a four-layer flex printed circuit board (FCB) to allow it to conform to the curvature of the windshield, as air gaps between the sensor and the windshield will drastically hurt performance. The top layer of the FCB will contain the sensor traces themselves. Above this layer will be the adhesive layer to attach the unit to the interior of the windshield. The “active” sensor trace will be connected to the CtD chip using a “via”, which is a vertical access trace through the board. The second layer of the FCB, below the sensor traces, will be a ground plane to help shield the sensor traces from electrical noise from the chips mounted below. The third layer will contain power and signal traces, and the bottom layer will contain insertion points for the chips and components.
Design Team 6 has proposed a variety of different trace layouts for the capacitive sensor design. These include shapes such as inter-weaving “fingers”, concentric circles, and zig-zag patterns. Rapid prototyping of these designs is possible via Michigan State University’s Electrical Engineering shop, which can create two-layer printed circuit boards (PCBs). While there are limitations to the capabilities of this shop, it will allow for rapid testing and confirmation of designs. These test trace layouts can be tested using a high-accuracy LCR meter to determine base capacitance, which must fall between 1 – 10 pico Farads to work correctly with our chips. We can then test these PCBs under actual glass, adhering to the glass using 3M non-conductive “468MP” adhesive. Tests can then determine the effectiveness of the design by measuring change in capacitance from various interferences, such as water droplets, on the windshield surface. Utilizing this process, a superior design can be chosen.

Analog Devices CtD chips will be utilized in the design to monitor the value of our capacitive sensor. Analog Devices produces a variety of different models of CtD chips with varying feature sets, and to meet specifications a small subset of chips have been identified for use in prototyping and testing the design. These are: the AD7151, AD7745, AD7746, and AD7747. Additionally, an evaluation board for the AD7746 will be utilized to aid in quickly learning how to correctly use the chips in the design. These chips can be tested in conjunction with the sensor trace layouts produced by the ECE shop for rough testing purposes. More refined prototypes can be designed onto 4-layer flex PCBs and ordered from websites such as PCB Express.
A PIC microcontroller will be used due to familiarity and cost-effectiveness. The PIC will allow for easy programming in C++, and has all the necessary features and the I2C interface required for communicating with the Analog Devices chips. The microcontroller will interface with the windshield wiper motor to turn them on for demonstrational purposes.
Batteries will power the prototype capacitive rain sensor system, but production models will use available power from the vehicle’s alternator. Since low-power consumption is not a primary design goal, DC-DC converters will not need to be used.
These components have been carefully selected for their cost-effectiveness as well as their performance, and the overall prototype unit will rival the cost of an optical sensor unit, with opportunity to reduce costs further in production optimization. 

Hardware Specs
1. Capacitive Sensor:
One of the key components of this project is the capacitive sensor. The sensor will be used to detect the rain and register a change in its capacitance. Our sensor is based on the measurement of di-electric constant between the capacitor plates. Air has a di-electric constant of 1.0 while water has a di-electric constant of 80. Similarly, different objects will have different di-electric constants and this will be used to differentiate between other objects such as dirt. 


2. DC power supply:
A 5.6 V DC input is needed to power up the Capacitance-to-Voltage converter circuit that in turn drives the sensor. 


3. Capacitance to Digital voltage converter
The converter circuit plays a very important role in our project. The function of this circuit is to convert a capacitance reading to a voltage output. The capacitance is given by:
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The voltage across the capacitor is:
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Any change in the capacitance directly affects the voltage.

4. Micro Controller:
The choice of a microcontroller is important because it will manage the entire system.  The output of the converter circuit will be fed to the input of the microcontroller. At this point, microcontroller will check and compare values of the input voltage versus the pre-defined voltage range to trigger the wipers. Any other voltage will be disregarded. 


5. Wiper Switch:
The wiper switch is connected to the microcontroller and turns on when the sensor detects rain. The user may also chose, via the wiper switch, the sensitivity of the rain sensor.
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Figure 1: Block diagram of the system

Project Management

The following team members are responsible for designing a capacitive rain sensor for use in vehicles. Dong Ho Kang, Eric Otte, Arslan Qaiser, Ishaan Sandhu, Anuar Tazabekov. The non-technical and technical roles have been summarized in the following two tables below:

	Team Member
	Non-technical role

	Dong Ho Kang
	Management

	Eric Otte
	Document preparation

	Arslan Qaiser
	Lab Coordinator

	Ishaan Sandhu
	Presentation preparation

	Anuar Tazabekov
	Web coordinator


Table 1: Non-technical roles

	Team Member
	Technical role

	Dong Ho Kang
	TBD

	Eric Otte
	TBD

	Arslan Qaiser
	TBD

	Ishaan Sandhu
	TBD

	Anuar Tazabekov
	TBD


Table 2: Technical roles

_1327436270.unknown

_1327436298.unknown

_1327438323.vsd
X-Axis


Y-Axis



DC Power Source 



Output Voltage Comparison
Is voltage between
X ≤ Voltage ≤ Y ?


Keep wipers off.



Capacitive Sensor Traces on PCB 


Turn the wiper on.
Water detected on the windshield.


Capacitive-to-Digital Converter Circuit


Microcontroller


YES


NO



_1326828083.unknown

_1327433731.unknown

_1326828096.unknown

_1326827540.unknown

