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Introduction:


Our project has been going as planned. After our initial capacitive sensor design, we wanted to make the sensor more sensitive to water. In order to do that, we talked to some faculty in the Electrical and Computer Engineering dept. and decided to use the 3D modeling software, COMSOL. This program proved to be quite challenging because of the difficult user interface. However, we managed to understand the basic functions to help design a 3D capacitive sensor model. 

Hardware:

There have been modifications to the capacitive trace design. We changed different parameters like the trace gap, trace width and the surface area of the traces and monitored the capacitance changes for each case.  The main criterion that the customer requires is the sensitivity of the sensor so that it does not give false readings. In order to fulfill this requirement, we decided to optimize our capacitive trace design. COMSOL Multiphysics was used to make a 3D model of the sensor.
Figure 1 shows the trace design with the following characteristics. The base capacitance is of the sensor traces, windshield and the adhesive between them. 
	Trace characteristic
	Measurement

	Trace width
	1.778 mm

	Trace gap
	1 mm

	Trace Area
	800 mm2

	Base capacitance
	11.143 pF


Table 1: Design 1 characteristics
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Figure 1: Trace Design 1

Figure 2 below shows the electric fringe field lines and the extent to which they can penetrate through a 5mm car windshield. A maximum voltage of 1V was used to excite the traces and a 10mm layer of air was added on top of the windshield. This was done to see the penetration depth of the fringe field lines. It can be seen that the fringe field lines just below the windshield do not extend far enough and thus lower the sensitivity of the sensor.
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Figure 2: Design 1 with fringe fields

In Design 2 (figure 3), we used the following parameters for the trace characteristics. Trace width was increased in order to get a larger magnitude of electric fringe fields. The gap was kept the same as Design 1. A larger base capacitance was expected as shown below. 
	Trace characteristic
	Measurement

	Trace width
	2.54 mm

	Trace gap
	1 mm

	Trace Area
	1000 mm2

	Base Capacitance
	16.581 pF


Table 2: Design 2 characteristics
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Figure 3: Trace Design 2

Figure 4 below, shows the fringe field lines and they are clearly more concentrated in the trace area. The fringe lines extended farther than those of Design 1 and this gives makes Design 2 more sensitive to any object that interferes with the fringe lines. Also, in the area directly below the windshield, the fringe field lines extend more into the windshield and are also more concentrated compared to our previous design.  
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Figure 4: Design 2 with fringe fields
Results:

The following table summarizes the results that we obtained after testing Design 1 and Design 2.

	
	Design 1
	Design 2

	Base capacitance
	11.143 pF
	16.581 pF

	Change in capacitance with touch (one trace)
	~ 1pF
	819.9 fF

	Change in capacitance with touch (whole surface)
	NA
	2.1651 pF

	Change in capacitance with water (min)
	~ 11 fF
	NA

	Change in capacitance with water (max)
	~ 200 fF
	497.3 fF


Table 3: Results for Design1 and Design2
NOTE: ‘NA’ means that we have yet to test for that quantity
Microcontroller & Software: 
Our design team has recently begun the effort to implement our complete final circuit design, utilizing a PIC18F microcontroller as a host to the AD7746 capacitive-to-digital converter. Previously, our group has used the AD7746 Development Board for testing of sensors and response to rain. This was a stop-gap approach to allow for rapid prototyping of different trace designs. We have always planned to utilize a microcontroller to host the AD7746 in our prototype unit, and with a refined sensor trace design and all other design parameters set, we have been able to move forward with implementing this design.
The physical aspect of this implementation is relatively simple. In our prototype unit, there will be two separate modules. The windshield-mounted sensor unit will contain the sensor traces, the AD7746, a DC-DC converter, and I/O ports. A separate module will be located away from the windshield sensor, and will contain a small circuit board, or proto-board, containing the PIC18F4520 microcontroller, along with supporting circuitry such as a 10 MHz crystal oscillator and USB I/O. This module will connect with the windshield-mounted sensor module through two wires, which carry the clock and data signals between the microcontroller and the AD7746. Additionally, the microcontroller module will interface with a laptop computer for the purposes of programming and display purposes. While a mechanical operation of the wipers would be ideal, the mechanical complexities of assembling a wiper system to an otherwise stand-alone windshield prevent that from being a realistic option. Instead, our group will use a program run on the laptop to indicate when the wipers are on, and at what speed. 
The AD7746 capacitance-to-digital converter IC utilizes a standardized two-wire communication system known as
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. This system is commonly seen in communications between devices such as EEPROM’s and A/D converters and their host processors. The advantage of the system is that all data and clock signals can be routed through only two wires. The obvious disadvantage is that coding and decoding of the desired signals becomes more of a challenge with less output pins. The 
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 system utilizes a traditional master/slave setup. The master outputs the clock signal, known as “SCL”, on one of the wires, synchronizing the two circuits. The other wire, known as “SDA”, carries all the data between the two circuits. The master is the only device that can initiate a “write” command, but both devices can “read” data from the other. In a typical application a master may have multiple slave devices that it controls; however, in our application we have only one slave, the AD7746. 
Our group is doing all coding of the host microcontroller using MPLAB IDE software, and all coding is in C. Due to the many nuances of the 
[image: image7.wmf]C

I

2

 interface, creating a new software system from scratch to work with it is not ideal. Thankfully, our research identified an existing “I2C.h” file which has pre-programmed functions specifically designed to work with I2C interfaces. This finding has substantially reduced the programming effort required, as we can now focus on higher-level functionality instead of spending time perfecting the I2C interface code itself. 
The “I2C.h” file includes all the basic 
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functions: start, stop, write, and read. It also includes minor functions named “delay” and “restart” designed to optimize the 
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 coding and prevent errors. Using these built in functions we dissected our code into two distinct sections: an initialization sequence, and a data looping sequence. The initialization sequence’s task is to restart the AD7746 chip and then set select registers to certain values to make the AD7746 perform exactly as we want it to. Once the initialization sequence is done, a few things will be accomplished: the base capacitance of the sensor traces will be nulled out, the excitation signal will be set to +/- Vdd/2 at 32 kHz, a few minor settings will be tweaked, and the chip will be put into continuous operation mode, allowing it to sample the capacitance and update the data registers for output. 
The data looping sequence’s task is to first poll the AD7746’s “status” register, which gives details regarding the current functionality of the chip. By analyzing the status register value, we can make sure that the chip is functioning properly (i.e., the base capacitance isn’t too high), and we can see when a new capacitance data value is ready to be “read”. When we see that a new value is ready, the looping sequence will then command the AD7746 to output that value to the microcontroller. The code will then compare the received data value to known data values of rain. To prevent false positives, the received data must not only fall within the range of known data values, it must do so for a certain number of cycles (i.e., four). This will prevent objects that may for a brief instant cause a similar capacitance change as water from setting off the wipers, by making them have to hold that capacitance value over time. The samples are output at an adjustable rate many times per second, so no noticeable time delay will occur because of this.
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void main(void)
TRISC = 0x00;
PORTC = 0x00;

OpenT2C (MASTER, SLEV_O¥F) ;
S5PADD = 0x3%;

SearcTzc(); // Scare Semuence

Taterzc ()
WriteIzC(0x30); /7 AD7746 Address + Urice
Talerzc();
WriceTzC(0xBF); // RESET COMBID 10 3D7748
Taterzc();

StopT2C(1; // Stop Seaence

for (Loop=L; Loop<3001; Looptt]; // Delays 300 us afcer the AD7746 Reset

scareTzC ()

Taterzc ()
WriteIzC(0x30); /7 AD7746 Address + Urice
Talerzc();

WriceIzC(0x03); // Sets ADDRESS POINTER REGISTER of ADT74 o EXT SETUP REC
Talerzc();

WriceTzC(0x0B); // Sets EXC SETUR REC to use amplicuds 4- UAd/Z

Taterzc();

seopTZC (1

scareTzC ()
Taterzc ()
WriteIZC(0x30); // AD7746 Address + Urite

- START TNITIALTZATION SEQUENCE FOR AD7745




Figure 5: Latest software code for microcontroller implementing various I2C functions
Budget:
The current budget for the project is given as follows:

	Part Name
	Quantity
	Cost

	Analog Devices AD7151 Cap-to-Dig Converter
	4
	$12.68

	Analog Devices AD7745 Cap-to-Dig Converter
	4
	$38.00

	Analog Devices AD7746 Cap-to-Dig Converter
	4
	$34.32

	Analog Devices AD7747 Cap-to-Dig Converter
	4
	$38.00

	Analog Devices AD7746 Evaluation Board
	1
	$136.62

	468-MP Adhesive
	8
	$42.40

	Microcontroller
	1
	$0

	Coaxial Cable Assembly
	3
	$57.08

	SMB PCB Mounts
	3
	$17.97

	Total
	32
	$377.07
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