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Abstract


From the start of this project, the goal was simple. A device needed to be created so that it would benefit others’ lives by using the design process. For the particular problem that was found and for which ideas were well developed for, the focus was mainly on lighting deficiencies for stage crew members. The portable shoe light device can be laced into the pre-existing lace holes of most tennis and running shoes. The laces themselves will hang loose but not cause the user to trip or fall because they are made of the springy elastic which coils the laces. This allows for the user to be hands free of a lighting system so that he/she can use his/her hands freely. The idea originated for the use for theater companies because of the amount of accidents that happen due to light malfunctioning, but the product can actually be used by just about anyone. The dry canvas prevents the inner workings from being exposed to dirt and grime and the intricate three layer stitching provides a tight and snug fit.

The design is supposed to be quite simple and that is noticeable by looking at how the wiring is done because it really just hooks up the switch, LEDs and the battery. The battery itself does not take much to run and has a lengthy lifetime. All in all, the device functioned quite well, given the many setbacks. From the five tests that were conducted, it was concluded that the device was a success because it took an average of 40 seconds for users to lace up the device and the light itself was warm and ready to go in a little under 17 seconds. Each of the tests are individually described in case someone was ever to want to go back and repeat them but by the data that was gathered, the product definitely solved the problem. 
Engineering is defined as the assistance of solving a problem to make the world more livable. So when we come up with a new problem, we look around for a pre-existing answer. Sometimes the solutions out there are not the best because you clearly had something else in mind. This is where you realize you can engineer something yourself, so that it works the way you want. Some people will take their invention to the patent offices because what they created is just amazing but many others will just use their product for their benefit because they know they simple altered an existing object for it to work to their needs. It looks easy enough but there are steps that everyone takes when creating something that they believe will actually be beneficial. Starting with identifying the problem itself and finding out who else has the problem is key as well as researching existing products and learning about why they do not suffice the needs. After figuring all that out it is best to come up with multiple different solutions to the problem yourself because many times the first solution will not work as planned. Repeated testing is the only way to establish if the product created is actually helpful and solves the problem completely or if it just fails miserably like all the other products out there.

Some of the most painful injuries that happen during a theater performance are the ones backstage where there is no lighting at all. This is noted in the survey results on appendix pages 15 and 16. Now to the average person it seems ridiculous that there is no lighting in the first place, but in reality it is because the audiences’ attention is supposed to be focused on the actors on stage, not on the movements going on around the stage. This always poses the problem of stage crew members falling or tripping because many times they are carrying heavy loads in their hands unable to see and the leads to disasters. The best alternative to not having the lights on and being able to see is to have a flashlight yet this has a problem of its own. When stage crew is moving items on and off stage, the flashlight is in their hand. That would mean that instead of being able to use both hands to push or pull items on and off, one hand is holding the light. Therefore a job that could be done by one person requires at least two people.
In order to find out that other people actually had this problem it was important to conduct surveys and gather the data that would help support the argument that a new solution was actually required. Now to make matters even more helpful, the surveys were conducted online on face book groups for theater techies. A copy of the survey used is on appendix page 13. This way the group of people this device would hopefully benefit would be able to provide the best outlook. Looking at the data gathered in appendix pages 14-17, it was apparent that people that actually were in the backstage areas of the theaters were in need or at least desire to have an object that they could use to help them see better without having to use their hands. There were over fifty responses to the survey and it basically came down to the big problem of there being such a lack of lighting that injuries were almost acceptable, which should never be the case.
As it has been impossible for the entire cast and crew of theater performances to be able to finish the show without anyone getting injured due to a lighting malfunctioning, something had to be done to avoid the usage of handheld flashlights. Insufficient backstage lighting is a potential danger issue to more than any single person. Theater companies around the world always suffer due to a lack of lighting that is directly angled at where it needs to go. The smaller the company, such as the high school ones, the more likely that someone from the stage crew is bound to be injured. Many times those injuries could have been prevented if it had been possible for them to be able to see where they were stepping. There would be far fewer noises from offstage crashes as well. This would greatly help the actors on stage too. The problem clearly had the common solution of the flashlight, but that limited the persons’ ability to utilize both of his/her hands. The most difficult part of this solution to come up with would be dealing with the cost to create the proposed device and to ensure that it works without failure for a legitimate consistency.
This problem clearly was not absolutely original so there were some existing solutions other than the simple hand held flashlight. Based on the drawings, it is easy to see where the solutions went wrong. There are lights that can be strapped to the head. Lights that can be worn as bracelets or rings that have protruding bulbs. There have been minor adjustments to the original flashlight itself. Attaching a band to it makes it possible to wear around the forehead and even arms and legs. Existing products that at least made an attempt to solve the problem that was found only came to three. None of them actually unravel the issue set present, making them all failed attempts. Referring to appendix page 19, the device actually attaches to the laces. In theory it is very similar to the new device that was being created, but it served a whole other purpose. This product was a storage container basically that could hold a small flashlight or in other terms, it could store a few small items. It is mainly for items like pocket change and bills so that in case there is nowhere else for you to put them, you have a container that will not be lost. Appendix pages 20 and 21 show images of the other two relevant existing patents but that also is proof that the products do not actually tie everything together.
The three patents that are closest in representation of the device being created do not bring in all the aspects together. Going back to page 21 in the appendix, the light has a varying angle so that it is possible to change the brightness and attach it to stable objects, but there is no way to attach the adjustable light to the human body, thus not solving the problem. It has the same general idea as the device shown in the patent number 2 (appendix page 20), but has a whole other purpose. The room created by the device in the shoe, allows for a light to be placed in there, but what person was going to randomly create a light fixture to fit in their shoe, no one. These are the biggest issues with the most related patents, bringing us back to the insufficient lighting problem that needs to be fixed for good.
The shoe light device came from combining the beneficial aspects of the pre-existing patents and then the extra requirements that came about during the brainstorming process. It was going to be important to create a device that would be flexible, adjustable, and portable. The light had to be able to be turned on and off because there is no reason that the battery needed to be drained. Another important factor was how the product was going to run, battery power or solar power. Using solar energy would be ideal because that way the device could charge in light and then be used when it was necessary. On page 22 of the appendix, the original sketch shows how there was supposed to be a solar cell in the middle of top along with photo receptors to convert the energy to a more usable form. Yet when that was attempted to actually be bought and be built, it was not possible to find all the materials, causing the whole project idea to change quite a bit. In order to thoroughly understand the workings of the new design that was implemented on a trial and error basis, refer to page 1 and 2 of the appendix. The AutoDesk drawings provide a visual for how the project actually looked by the time it was built. This is also true for the intricate LEDs that had to be sketched as well as the triple prong switch; refer to pages 4 and 5 of appendix.
It definitely made it simpler to not have to deal with the fragile solar plates, but there was an incredible amount of wiring and circuiting to deal with instead. The device was going to be created with canvas encasing. This would protect it from dirt and grime and also provide a little stability. The device was not meant to collapse on itself. LED lights were used to conserve energy and also because they were the only small bulbs found in bulk that did not cost an arm and a leg. The whole problem was being answered here, there really was nothing left out. With a switch being used to control the flow of current, open or closed circuit, the light came on. The device was sewn together and had spring-like shoelaces attached to it, so that the user could attach the device to his/her shoe at any time they wanted. In order to create the shoe lace on AutoDesk, it took a ridiculous amount of time converting the original sketch because of all the features that needed to be used. Page 3 of the appendix gives a glimpse at what the shoe lace looked like after it was created. Now, noticing the testing data, appendix page 12, it only took about 40 seconds on average for people to lace the product and have it working. That seemed reasonable because you have to basically double lace four of the holes on the shoe.

This whole project as a whole came from a terrible experience I had my junior year. During one of the nights of the spring musical, I dropped my flashlight as I was coming down the stairs backstage and tripped. I fell off the stair and found out I had a three inch long gash on my leg. All this happened because I was moving a desk off the stage and had to bring it behind the whole scene with a flashlight in my hand. Clearly I was trying to not make noise, but instead there was a giant boom when I fell. In order for issues like these to not happen again and to prevent others from being injured due to lighting deficiencies, I was inclined to create a product that would be beneficial to me and to others of course. That was where I decided that I wanted to create something that dealt with a non-handheld flashlight device that would be easy to use. The further workings of the device came from when I talked to other stage crew workers who suggested the light be attached to the shoe somehow that way the light was always easy to use.
The prototype covers all the basis of the issues that had to be fixed. The glitches with the existing products had been fixed for the most part. The switch made it usable when required, the LEDs were environmentally friendly, and it is very important to mention that the battery cells lasted in life for a good six days. It was irritating to change the whole design because of the unavailable materials, but the product definitely turned out for the better with the sources accessible. Knowing that people were willing to buy a product if there was one in the market that would solve the problem, it was crucial to completely take care of the problem. The existing solutions only solved a part of the problem each. Appendix pages 19 through 21 explain in detailed diagrams why it does not make sense to purchase items such as those because the problem still basically exists. Encasing the entire problem into a device such as the one created, solved the dilemma as a whole.
Testing this device is how to establish that it was a success. One of the only problems that came about was the realization that the switch was incorrect. The one that was used was a triple prong, meaning there are three loops the circuit is to be going through. What was actually needed was a double prong. The difference is that when the switch is pressed, it turns the lights off, meaning it breaks the circuit, the exact opposite of what is supposed to happen. There were no switches at Radio Shack that were the press relay ones, nor were there any double prong ones. Yet, on top of everything, this was not that big of a deal when put into perspective of how the device would actually be used, because it definitely did not disturb the testing procedures. Referring to appendix page 7, you notice there are five tests being conducted, each coming to 50 trials so that there is an adequate amount of trials for each of the tests. The first was conducted because it established the area the light actually reached, meaning the first and second tests went hand in hand. Because there is still shoe material in front of the laces, there is no way it can be expected that the light would work from the tippy-toes. The light shines over top of the front end of the shoe, creating a shadow. The way the data is organized on page 8 of the appendix, proves that regardless of the shoe size, the shadow distance was about the same. This is due to the angle created between the locations of the lace holes, compared to the length of the shoe. Page 9 of the appendix makes a very similar point as the previous test. Regardless of the size of the shoe, the area where the light reaches and lights up, is the same, because of the same reason as well. Shoe sizes thankfully did not affect how the device worked, so the more technical testing could be conducted.
The LEDs were not purposefully on a delay, but it happened because of how the wiring was constructed, as well as because the juice from the battery was being drained with no buffer. In order to make this device user friendly, users had to be aware of how long it would be before the light actually came on after it was connected (LED reaction time). Refer to page 10 to see actual data and analysis. Based on different intervals of time, the distance the light shone also varied. Logically, that makes sense because the circuit was allowed to completely warm up and pass the current through it, illuminating the LEDS. Page 11 of the appendix contains the data for the fourth test that was conducted. For ease of use, the test most valuable was the last one which measured the speed at which people were able to lace up the device to their shoes. After a couple practice attempts, ten trials were recorded of five different people of different ages and genders. Oddly enough, everyone basically came in around the same time of about 40 seconds. The laces were being doubled in four of the holes, which made it a tab bit difficult at first for the testers.
The five tests that were conducted were all originally very simple but then expanded upon during a journal check. These tests granted the visibility of results and made it possible to determine the successfulness of the device created. The shoe light worked, it at least met all the problem requirements and the testing was a method to ensure that everything was in working condition. Each of them actually took a significant amount of time to conduct and organizing the data was even more time on top, but it did come out to show that the device that I created was successful and solved the problem that was presented.
The cost of creating the whole shoe light came to a round about $70. The individual breakdown of each part purchased is on page 6 of the appendix. If the product never broke or never needed any alterations to the design, the cost would have been significantly less. It was not a project that would require a lot of money in theory, but it came out to be much more expensive than expected. Even with donation letters, Radio Shack especially did not wish to help out and donate the items that were bought there. Their reasoning was that all the parts were of too insignificant of a price that it would not possible for them at the time. Now even though it came out to cost nearly $70, that goes to say that if this device was produced in a mass market, it would not cost anymore than $10 if not $15 because the materials used to create an individual prototype actually only came out about $7. This means that the product will be cheap to purchase as well, making it all the more effective for use.
The burdensome flashlights are bulky and are easy to misplace, especially in the most inconvenient times. Backstage of any theater auditorium is always pitch black and therefore many accidents happen in young companies. Combing the pros of multiple existing patented products, it was possible to create a device that solved the problem. People are willing to buy a device that would assist them in becoming hands free of a cumbersome flashlight, meaning that as long as it was cheap and easy to use, people were going to look for it on the market. Having had the personal experience myself, it made it clear for what the device needed to actually accomplish. Based on the effective testing, the shoe light device was a success through the careful and repeated construction. It goes to say that even though over $70 was spent to create the project, it was a success. This device is one that I would invest in and based on the survey responses, so would most others as well. It works for all intents and purposes which is a clear story of success. 
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