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When I came to NMU I started as an Art and Design major. I eventually decided to switch to Computer Science after taking enough Art classes to get an Art and Design minor. Even though I switched to the Computer Science major, my love for art never went away. That why for this project I really wanted to create art using my knowledge in computer science. One of my hobbies is spinning fire and LED poi and always wanted to know how LED poi created the beautiful patterns. I took the opportunity of my senior project to learn how to make and program my very own LED Poi.
LED Poi projects patterns from the light trails when spun in a circular motion. When the LED poi is not in motion it doesn’t look like much other than some random lights blinking. When the LED poi is put into motion then the patterns appear to the eyes using the light trails. The LEDs are changing between sections of the patterns so fast that the patterns don’t appear until motion is created. A good comparison would be a flip book. Each page by itself doesn’t look like much, but flipping through all the pages brings the flip book to life. 
I split this project into two sections, the build and the programing. Building the LED Poi turned out to be quite a task. Having owned and broken a couple sets of LED Poi in the past I knew that it would have to be strong to withstand bring spun around and possibly taking a hit.  I decided to use polycarbonate tubing for the shell as it is very strong and clear so the lights can shine through. I knew everything would have to be as small as possible to be able to all fit in a 1 inch diameter tube. I stumbled upon the Teensy development board which had the right specs and size for my project. The Teensy is also compatible with Arduino software so it was a perfect fit. When choosing LEDs, I knew I needed the capability to control each individual LED. The Adafruit DotStar Digital LED Strip I choose does exactly that. After those choices it just came down to wiring it all together with a button to switch between patterns, an on/off power switch, and a battery with a charging board. 
When programming the LED Poi, I had to get the software to work properly with the hardware. I had to set the correct pins to receive input and send output. I set a counter to increment every time the button was pressed. To switch between patterns I created a switch case. Every time the button was pressed the counter increments and the next pattern in the switch case is started. When you get to the last pattern in the switch case, the counter is reset to 0 and the first pattern is displayed again. 
I ran into many problems when trying to put the Poi together. One of issues was getting the button to work properly. I discovered I needed to add a resistor to the wire going to the button. I finally got the button to respond but this was not the end of my troubles as I will explain later in my coding issues. I also had a lot of trouble getting the LED strips to line up exactly back to back. Being just slightly off would distort the patterns I would create. I had a lot of general wiring issues which I solved with a lot of trial and error. One of the big issues I came across was I was not getting the correct colors to come out of the LED lights. The only colors that would show up were red and a very dim green. After researching I found out that the LED strips were not getting enough power and that’s why my green was so dim and blue was not appearing at all. I learned that blue takes the most power to light up, then green, then red. After connecting the LEDS to the pin with the correct voltage, all my colors showed up properly.  Another problem was getting everything to fit inside the polycarbonate tube. I had to take the entire project apart several times to shorten wires and reposition items inside the tube. I even had to break a part off the charging board so it would fit. Eventually I got it all to fit nice and snug. It was extremely tedious but my soldering skills have improved vastly. 
There were a few problems I ran into while coding my project. The one main one was figuring out how to make the button switch between patterns. My issue was that my button would not switch to the next pattern until the pattern finished the loop. I wanted the button to switch at any point in the loop. I then learned about button interrupts. This allowed me to detect a button press in the middle of a loop and then switch to the next pattern. My next issue was a signal bouncing. I fixed this by adding a If statement checking the time between interrupts. 
void react(){
  static unsigned long lastInterrupt = 0;
  unsigned long interrupt = millis();

  if(interrupt - lastInterrupt > 200)
  {
    buttonPushCounter++;
  }
  lastInterrupt=interrupt; 
}
When programing the LED Poi, I used the Adafruit_DotStar.h library. This library allows me to easily communicate with each of the individual LED drivers. To create the patterns, I first would draw them out on grid paper. Then I would go column by column coding what color I wanted each led to be on the led strip and adding a delay between them. I made the mistake a few times of coding my images in and realizing they show up upside down on my poi. I realized I needed to flip my patterns on the grid paper upside down and code them that way so they would show up right side up on the poi.
To minimize code while making the patterns I would create for loops to set the entire strip to the colors I wanted. For more complex designs it became difficult to minimize the code needed. I would look for similarities between columns of the patterns. The code below is how I did round shape on the left side of the smiley face pattern.
for(int j=0; j<2; j++)//grid 0-5
    {
        for(int i=15-(j*2); i< 21+(j*2); i++)
        {
          	strip.setPixelColor(i, yellow);
        }
        strip.show();                     // Refresh strip
        delay(timing);

        for(int i=0; i<36; i++)
        {
          	strip.setPixelColor(i, 0);
        }
        strip.show();                     // Refresh strip
    }

What I learned creating this project was the difficulties of getting software to communicate with hardware effectively. Other than the microarchitecture class, most of the projects at NMU are very software based. I only had a mild understanding of how to code for hardware. Most of the code I wrote was for already functioning hardware. Doing this project helped me increases my skill and knowledge for hardware. 
The hardest part of this project for me was actually building the Poi. It make sense I don’t have much experience in engineering. First choosing the correct hardware to use for this project took a lot of research. Then trying to get everything to work together but also be able to fit inside the small space I had was not easy. I had to do a lot of planning and tests to figure out what would work and what wouldn’t. Once I got everything working between my hardware and software, making the patterns was not as difficult as I thought. Some of the harder patterns, while long and tedious, are not very complex to code. 
[bookmark: _GoBack]If I could do this differently I would create a user friendly program for creating the patterns. It would be a grid map that is in the dimension of the LED lights. Users then could click on each individual block in the grid and assign it a color. Once the user is done creating their pattern they could tweak the delay speed and upload to the poi. This would save a lot of time instead of tediously telling each light when to turn on. 
I am very happy how my LED Poi turned out. I had a lot of fun creating the hardware, and watching my patterns drawn on paper come to life. I learned a lot from this experience. In a normal computer science class if I run into a problem I can ask the professor for help. With this project I was forced to solve all the problems I ran into on my own. 
This project has inspired me to think of different ways to create visuals with LEDs in motion. One of the issues with poi is that the speed the poi is spun is never the same. If I could get a constant speed then I could create animations instead of just single images. For a future project I would try attaching LEDs to a fan. This way I would get a constant speed that would make it possible to create animations or 3d effects. In the future I would like to give this a try and see what I could create.
I hope to take the experience and knowledge from this project and all my other computer science and Art classes, and use them in my career one day. My dream job would be using computer science to create works of art. This project to me is a first step to show that I am able to create Art using my knowledge in computer science.
