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Abstract

Super Toaster: The Brown Toast Experience 

The Super Toaster! project is a web controlled toaster. From the web page one can select the gradient of toast they would like. Based on their selection a microcontroller will control a toaster to give the desired darkness to the inserted bread. 

Motivation


What should I make for my senior project?  This was a question that haunted me soon as I knew what the Capstone class was.  It had to be something that was new and unique and I wanted it to represent my knowledge that I had acquired at Eastern Kentucky University (EKU) and not something that I already knew how to do.  Before I got to EKU I could setup a complex network and troubleshoot 90% of all computer issues.  Those were skills I developed before I left high school as I grew up the son of an IBM mainframe salesman.  I've had a computer sine I could first read and built my own at 15.  Since that point I've gone through quite a few more and have dealt with pretty much any issue that has come my way.  


The lack in my knowledge of electronics has always been the way electronics work.  I understood basic electron flow and that when something went black that wasn't suppose to be on a circuit board, more than likely the whole thing was toast and should be replaced.  The first semester I went to EKU I took a class where we built our own Input/Output board to hook up to a PC.  This board could take inputs from switches, thermostats, light sensors, you name it and could output to anything that required electricity.  I learned about transistors and how they make it easier to control higher power devices and how relays could allow very high power devices to be isolated and controlled by a device that would make smoke of those same voltages were run through it.  All these concepts were completely new to me and very interesting.  


On my off time between work and class I started fiddling around with Atmel AVR (for the record AVR stands for nothing, it is not an acronym) microcontrollers.  They were very cheap and after I bought a decent programmer, very easy to program as well.  Using the standard C language I could make it turn on and off lights, control motors and take inputs as well just like the one I built in my class at EKU.  I built a few dinky projects using them but never anything very complex as truthfully I couldn't think of anything very interesting to make.  After two years at EKU I've picked up quite a few more skills in electronics and have taken a few classes that help me understand the theory behind circuit design and component uses.  I know I have only barely touched the surface but I feel like these skills will stick with me for a long time (as long as they don't replace everything with holographic technology and lasers).  When I entered the capstone class and our professor said that we could build our project in one of three categories, I knew right then that I wanted to make it fit in all of them.

Planning


The project stared out with me thinking of ideas for what I was going to make.  I thought of the idea for an automated pizza maker but I was sure that had already been done.  I had a dry spell for awhile as I went over ideas and found out they had been accomplished already.  Originally I wanted to make a USB controlled device that could post information to the Internet and be controlled from scripts on the computer.  I also knew I wanted to use the AVR platform as it was fun and cheap to work with.  When I was looking up information on a USB boot loader for AVRs my professor gave me a book to look at.  In it was a project where someone made a network controlled clock.  He used an Arduino to control an X-Port network module.  This was neat to me but I didn't want to use an Arduino as they are just AVRs with extra components on board and bloated software.


After talking about the discovery of a network controlled device with some friends we came up with the idea of a network controlled toaster.  No one has made a network controlled toaster before because it has never really been a necessity.  I knew that the project would be unique as well as hit the three categories we talked about in class.  I called the project Super Toaster! (the exclamation point was important) as it was quite super in fact as well as a toaster.

Acquiring Materials


I had a rough idea of what I needed.  I ran out to Wal-Mart and bought a $6 toaster.  For the more intricate parts I ordered them from SparkFun.com.  

I ended up using the following parts:

Motor

WIZ200WEB

Power Supply 5V/3.3V

Female and Male Headers

20x4 LCD

EZ1086 Fixed Voltage Regulator

2x 10uf Capacitors

2x NPN BJT Transistors

Assorted resistors and wire

Toaster

Relay

ProtoBoard

The WIZ200WEB module had an ethernet controller on board with an Atmel Atmega128 8-bit microcontroller on the bottom that acts as the web server and Input/Output controller.  The ProtoBoard I picked up from Radio shack.  The LCD I ordered from Ebay and the grand total for all my parts was around $150.

Assembly


I started by laying out female headers on the protoboard and making sure I had the required space for all my components.  After laying out the headers I ran wire to supply power to the LCD (+5V) and used an EZ1086 I pulled off of an older motherboard to step the +5V down to +3.3V for the WIZ200WEB module.  I also ran wires to the In System Programmer (ISP) header from the WIZ200WEB module so I could reprogram it if a web based programming went wrong.  Running the control and address lines for the LCD took the longest as I wired the LCD for 8 bit control which requires 8 address lines.  I decided to wire it for 8 bit control even though in the end I only used 4 bit as I thought I was going to have some animations on screen.  The 8 bit control makes the animations and actions of the LCD more fluid but as I ended up nixing that part of the project I kept the lines anyways.  I also wired in two transistors to control the electromagnet in the toaster which holds down the lever when the toaster is started and lets go when the timing sequence is done and for the relay that controlled the motor.  Power to the board was provided by a bread board power supply kit I bought from SparkFun that provided a regulated +5v DC.


On the toaster side of things I took it apart and found a small circuit board inside.  On the circuit board I cut a trace going to the ground of the electromagnet and ran a line from both sides of the cut to hook up to the transistor on the protoboard.  I also took out the capacitor used for timing.  I found out this capacitor was for timing by trial and error by just removing random bits until the lever would not release after a certain amount of time.  The electromagnet was powered by a step down circuit taking the 120v AC in and taking it down to +12v DC.  This way I did not have to have an alternate power source for it.  I melted a hole in the toaster and attached a motor to the outside with some hookup wire and duct tape.  Using fishing line I secured the lever to the motor.  When the motor wound up it would pull down the lever into the locking position.  The motor proved to be a bit too strong when I was running the recommended voltage through it so I used a +5v 2 amp power supply which made the latching mechanism a little bit smoother.

Firmware


Luckily for me, a cut and paste programmer having no real C experience outside of the C I used for my little projects with AVRs before, the WIZ200WEB came with a complete web page and source code base to play with.  The original web page allowed me to turn on and off LEDS, get a read out from a temperature sensor and take inputs from switches.  It also was suppose to allow me to change the text on the LCD and the IP address of the device but I could not get this to work.  Taking this base code and cutting out the parts for the temperature sensor, the LCD control and the IP control I added in some code of my own to allow me to have easy control of timing and to run scripts from the new commands I issued on the web page.

if(strstr(name,"TOAST.CGI"))


{



if((param = get_http_param_value(http_request->URI,"time")))



{




if(!strcmp(param,"one")) minute_on(50);




else if(!strcmp(param,"two")) minute_on(100);




else if(!strcmp(param,"four")) minute_on(200);




else if(!strcmp(param,"six")) minute_on(300);




else led_off(0);



}



strcpy(name,"dout.htm");



find_http_uri_type(&http_request->TYPE, name);


}

This command allowed me to take information that the web page passed on when it called TOAST.CGI and pass that information along to the timing section of the code.  The last part of the code that says strcpy and find_http_uri_type refreshes the page after the command has completed.

void minute_on(u_int time)


{


led_off(0);


u_int i;


for (i = 0; i < 1000; i++)


{



led_off(1);



wait_1ms(2);



led_on(1);


}


wait_1s(time);


led_on(0);

}

This part of the code took the information from the first code set, turned the output labled led0 off making the output go low and activating the electromagnet.  After the electromagnet was activated it pulsed the led1 output which was connected to the motor to pull down the lever in a smooth action.  Once the motor was done the timing for the toasting sequence started taking the information from the time variable from the first command.  Once done the toaster would release by setting led0 back to high.


The reset of the code was mostly stock besides me making some tweaks here and there that I couldn't remember if I tried as there is quite a lot of code to control the web site and the device.  I did rearrange the pins used for the LCD to make my physical layout look a lot better and moved the output pins to the opposite header of the LCD to give the board a more even layout.

Web Page


For the web page I took a default template I had created from scratch for my website pirateweek.com which documents my projects I have completed.  I had a little bit of an issue with the background as the WIZ200WEB module did not like the way I called it using CSS.  I put the controls for the toaster in a frame in the index.html file that called the file dout.htm.  This was the original output control that I modified to include a picture of the gradient of the toast as well as output controls for the electromagnet and the motor.

<form name="form2" method="get" action="LEDCTL.CGI">

      <table width="350" border="0" cellpadding="1" cellspacing="1" bgcolor="#666666" 
id="table14">

        <tr> 

          <td bgcolor="#FEFEEF">




<table width="350" border="0" cellspacing="0" cellpadding="0" id="table15">

              <tr> 

                <td width="238" height="22" align="center"><font color="#FEFEEF">.&nbsp;

                  </font><table border="0" width="27%" id="table16">


<tr>



<td align="center">



<img border="0" src="$LED0_IMG$"></td>



<td align="center">



<img border="0" src="$LED1_IMG$"></td>


</tr>


<tr>



<td align="center">Latch<input type="checkbox" name="led0" $LED_0$></td>



<td align="center">Motor<input type="checkbox" name="led1" $LED_1$></td>


</tr>


</table>





<p>¡¡</td>

                <td width="112" height="27" align="right">





<input type="submit" value="Config" style="float: left"></td>

              </tr>

            </table></td>

        </tr>

      </table> <br>

      </form>

This was the form that controlled the motor and electromagnet separately from the timing script I had written.  It was only slightly modified from the original form as I renamed the buttons and took out unneeded buttons. The command method=”get” action=”LEDCTL.CGI” called a fictitious page that sent information to the first code set we talked about when the submit button was pressed.

<form name="form3" method="get" action="TOAST.CGI">


<img border="0" src="one.jpg" /> <input type="radio" name="time" value="one" 
checked="checked"/><br />


<img border="0" src="two.jpg" /> <input type="radio" name="time" value="two" /><br />


<img border="0" src="four.jpg" /> <input type="radio" name="time" value="four" /><br/>


<img border="0" src="six.jpg" /> <input type="radio" name="time" value="six" /><br />


<input type="submit" value="Submit" />

</form> 

This section of the code controlled the timing information.  Depending on which radio button was checked the “get” method would send the value of one,two,four or six to the fictitious page “TOAST.CGI”.  Also this laid out the pictures of the toast next to the radio buttons.


To get the pictures of the toast I put the toast in the toaster and played with the source code until I had four gradients of toast that I liked from light to dark.  I then took pictures of the toast on a sheet of white paper and cropped and resized them into the desired size.

Results


After hooking everything up to its intended header and firing up the complete package for the first time I tested each part individually with the diagnostic controls on the web page.  After verifying correct functionality I put in some toast and selected the first option.  Within a few minutes I had lightly done toast.  SUCCESS!  I tried the other options as well but as I was running out of toast and needed to make my video I stopped there.  The project was working successfully after who knows how many hours of labor and more money than I should have spent.  I felt quite good about the operation of the toaster and the features it provided.

Issues Along the Way


I had a few build issues here and there while making my project that should be addressed.  No project ever goes completely to plan but I feel like I did keep any errors to a minimum as is desired in prototyping.  The first issue I experienced was that I was testing the electromagnet in the toaster and crossed the wrong wires which in turn shorted out the board in the toaster.  I had to run to Wal-Mart once again and buy a new toaster.  Next the web programming of the firmware stopped working for reasons unknown to me and I had to start using the ISP header to program the board.  This led me to my next problem which was that I could not program the device via the ISP header.  After combing the datasheet for the WIZ200WEB I found out that the lines the referenced for MOSI and MISO which are usually used for programming an AVR were for the web controller which did not take to my ISP programmer nor did I want it to.  IN the schematics for the optional testing module you could but for the WIZ200WEB I found that the ISP header was wired up to separate pins.  After connecting the ISP header to these new pings my programmer worked great!  I programmed the device with my ISP programmer (redundant I know but I can't think of a better way to phrase it) quite a few times but the last programming I did of the device right before I made my video blew out the back light on the LCD.  This is odd to me as I built the programmer from a kit and I know it has a voltage regulator on it to prevent issues like this.  I think that the LCD was just cheap and it was its time to burn out.  Lastly during the build of the device I decided at first to use a voltage division circuit to step down the +5V from my power supply to the +3.3V required by the WIZ200WEB module.  This did not work as the current each resistor used was too great for my power supply.  I ended up sourcing an EZ1086 off of an old motherboard I had at 2 in the morning after I went through every component on it hoping to find another LM317 voltage regulator.  The EZ1086 was the perfect part I needed as all that it does is step 5V down to 3.3V.  I couldn't have been more lucky!


I feel like these issues were not all that terrible and I did not burn out the most expensive part of my project thanks to the EZ1086 voltage regulator and the LM317 voltage regulator on the bread board power supply.  Everything besides a few hiccups went according to plan and that is more than I could ever ask for!

Future Plans


There were a few features I would have liked to include that I did not get to that would have added a better fit and finish to the final project.  First off the duct tape and wire to hold the motor on wasn't the prettiest way to go about things but as I was under a time crunch with the project and other classes I didn't have the time to spruce it up.  Also I would have liked to have made a box that sat underneath of the toaster with the LCD displayed outward and all the electronic bits concealed.  On the web side of things I would have liked to have added a scheduling component so that the user could set the device to have toast ready when they woke up.  Also it would have been nice to have a slider bar to select gradient as some toast eaters are pickier than others and may not like my default selections.  An override on the toaster to allow direct control of it as well as a safety mechanism to prevent the toaster from burning my house down would have been nice.

Conclusion


With great results comes great rewards.  I was features on two websites (hackaday.com and pcbheaven.com) which looks good for me and makes me feel special.  Also I was selected to present for my department in the College of Business and Technology Capstone presentations and came in second.  I was up against some tough competition in that presentation and I don't feel bad at all about coming in second especially as I got a $50 reward which will help cover some of the costs of this project and allow me some funding for new and better projects!  I am completely satisfied with my results and slightly disappointed at the same time that I did not get to implement all the features I would have liked to.  All and all I feel like I achieve a great victory and made a good presentation of the knowledge I acquired at EKU.

Appendices

A.  Operating Instructions

1. Plug in the networking cable and the power cable.  Power on the device by using the power switch on the power supply.

2. Using the included WIZ200WEB Configuration Tool discover the device by hitting search.  Change the IP information to reflect the network setup you have in your house.

3. Log in to the web page by typing http://theipyouselectedhere.

4. Insert toast into the toaster

5. Select the darkness of the toast desired on the web page and hit submit.

6. If for any reason the lever does not release or the motor ceases to stop winding check the box next to the name of the device on the web page and hit config.

7. Eat your tasty brown toast and enjoy!

B.  Included Materials

-2N390.pdf – Information about the 2N390 NPN transistor

-ez1086cm.pdf – Information about the ez1086cm fixed voltage regulator

-hd44780.pdf – Information about the LCD

-wiz200web_User_Manual_V1 0 0.pdf – Information about the WIZ200WEB module as well as operating instructions for the device

Firmware_WesleyBrown_Capstone2010.zip – Firmware for the device for future modification and use

-WIZ200WEB_firm_rev1.1zip – Stock firmware for device

-WIZ200WEB_ROMFILEMAKER.zip – Utility for making rom file for uploading web page to device

-DEV-09474_configtool.zip – Configuration Tool for uploading firmware to device, setting IP and discovering device

C.  Sources

All material pulled from data sheets included.

D.  Recognition

I would like to thank Bruce Jung for helping me with the code of the project as well as Professor Vigs Chandra for helping me with the overall flow of my project presentation and video.  Also I would like to put a shout out to avrfreaks.net for answering all my dumb questions about this and that.  I couldn't have done it without these people though they aren't getting any of my $50, sorry guys.
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