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Project Description:  Provide a brief (two or more page) technical description of the design project, as outlined below:

(a) Summary of the project, including customer, purpose, specifications, and a summary of the approach.

There are many un-realized head injuries in sports each year. As a result many concussions go unnoticed. This is where our PHI-Master comes in. It has the ability to monitor, in real time, the impact levels felt by a players head. It also has the ability to record these levels and notify sideline personnel should any of these impacts be severe enough to cause injury. All of these impact thresholds and player impacts can be monitored from a web server located inside the helmet. The sensors used to detect the impacts are 3 dimensional accelerometers which report to a PIC18 microcontroller. The PIC monitors the accelerometers, calculates the impact levels and reports/records the results. An onboard microSD card is used to store data while a java frontend is used on the web server as an access point to the helmet.
(b) Description of how the project built upon the knowledge and skills acquired in earlier ECE coursework.

Many of our experiences from past classes were used in the design process. Our knowledge gained from ECE 362 was used when dealing with our microcontrollers, and greatly helped in our understanding of mcu modules (ATD/SPI/Timers). ECE270 was valuable for interpreting datasheets and ECE 337 helped in understanding/analyzing the timings on our SPI bus. Software knowledge gained from 264 was used extensively when coding our microcontroller, since we used a C compiler for our design.
(c) Description of what new technical knowledge and skills, if any, were acquired in doing the project.

The PCB layout was new to all of us this semester. There was a steep learning curve on the software used, but once we mastered that it went smooth. Component selection was a challenge but in hindsight we now have a better idea of what to look for in a microcontroller. The embedded C used to code the micro while similar to the standard C we are used to, also had lower level elements used to interface with the microcontroller’s hardware peripherals. Another skill set we developed is in analyzing the power requirements needed to supply a clean and constant current to the design. The soldering was intimidating at first, but once practiced was found to be rather easy.
(d) Description of how the engineering design process was incorporated into the project.  Reference must be made to the following fundamental steps of the design process: establishment of objectives and criteria, analysis, synthesis, construction, testing, and evaluation.
During the establishment of objectives and criteria step we came up the functionality of our project and what we wanted it to do in the form of PSSCs. We then did research on how we could achieve the desired functionality and meet the requirements of our project. For example to run a web server and report impacts we found we could use a component called the Matchport. Through our research we were also able to come up with constraints such as battery life, packaging limitations etc…Our research was guided with experiences from previous classes, internships, and class room advice. Once we had our components and theory of operations figured out, we started on our conceptual design. We made sketches of our circuit, materials list, and developed a timeline for completion. We then input our sketches and parts into a computer to build our schematic. Once we had a functional schematic we moved it over to a PCB. Once we had our PCBs in hand we could test parts as we soldered them onto our boards. We had 5 boards in our design and we were able to test them individually. Once they worked independently we interfaced them together and got them working as a whole. Meanwhile we documented everything we did in a design journal as well as performed analysis on topics such as patent liabilities, safety of operations, and environmental impacts. Once we had a working, functioning device that met all of our PSSCs we demonstrated it to course staff.
(e) Summary of how realistic design constraints were incorporated into the project (consideration of most of the following is required: economic, environmental, ethical,    health & safety, social, political, sustainability, and manufacturability constraints). 
Economic: With similar products on the market costing ~$800(minus helmet), the goal was to keep the cost below that. The total cost of the device (minus helmet and PCB manufacturing) came to around $200. Of course, under mass production, this would be a lot cheaper as many parts were discounted based on number purchased.
Environmental: The main environmental concerns of our design are the PCB and battery disposal. PCBs contain many hazardous materials including lead. The high chemical and thermal resistance of PCBs means they do not break down once disposed of. They will remain in the environment and continue to build up as more and more are disposed. The PCBs should be disposed of at an appropriate electronics recycler to ensure proper disposal. Li-Ion batteries are easy to recycle and should follow the same disposal guidelines as the PCBs.
Ethical: The main ethical concern of the PHI-Master is the accuracy of the device. Due to the high range of measurement the accelerometers are capable of, they have a relatively large margin of error (+/- 5g). Once calculations are applied, the margin of error increases to (+/- 8g). It’s also worth noting that the antenna used in the device is not idea for 802.11g standards. However, it was available and free. This cuts down the range of the device. Our test show that it will still cover a football field but any interference (players included) can disrupt the connection. If this product went to market the antenna would need to be replaced with one that is smaller and more ideal. Since football is often played in adverse conditions, the embedded components need to be sealed in water tight packaging. Ideally, this would be done inside the padding to also keep wires and PCBs hidden. While steps were taken to package the components to resist moisture, the packaging is at best a temporary solution.
Health & Safety: There are several concerns when it comes to health & safety. The main one revolves around the use of the Li-Ion battery. Since Li-Ion batteries are known to react quite violently when crushed, special packaging (which is lacking in our product) need to be used to ensure the safety of the player. Another concern would be electrocution. Since most of the components are exposed, there is a chance that some of the players hair (and sweat) might contact the PCBs in a way such as to cause a short. Because of this a fuse was added to the circuit to immediately shut down the device should too much current be drawn.
Social: There were no social design constraints on the product. It is designed to be monitored by a single person on the sidelines of a football game. Since football is an American only sport, it was assumed that English would be the only language support needed.
Political: The device is designed to go inside of a football helmet and not interfere with the football players. Since the device is only monitored by a single individual there is very little (if any) chance that it would be found offensive to anyone.
Sustainability: The only concern for sustainability was battery life. The helmet needs to be operated for an entire football game. It was decided that 3.5 hours of use was the minimum needed to meet these needs. Based on our power calculations, the battery can keep the device running for just over 4 hours in ideal situations.
Manufacturability: Since there are patented products currently on the market, there are no plans on taking this device to market. Thus, there were no constraints on manufacturability.
(f) Description of the multidisciplinary nature of the project.
Many disciplines were used over the course of this design. While most of the concepts utilized computer or electrical engineering in nature, there were many other disciplines involved during the design process. Mechanical engineering and physics were used when interpreting the accelerometers data. Medical knowledge and research was needed in determining appropriate thresholds and impact detection ranges.
(g) Description of project deliverables and their final status.
PHI-Master functionality:

· A fully integrated web server front end that provides access to the on device thresholds and impact data.

· 3 multi-axis accelerometers provide impact data. The system will work around any failed multi-axis accelerometer, providing a reliable sensor array.
· An integrated microSD card provides more than enough storage capacity to record impact information as well as the ability to transfer data to a pc via the web server.

· A 3.5 to 4.5 hour battery usage time provides more than enough time to finish a game. The battery is rechargeable from within the helmet and its levels can be monitored through the web server.

· When logged into the web server, notifications can be received when a dangerous impact is received.

Aside from the PHI-Master itself, product deliverables are:
· User’s manual – instructions on how to use the device properly and a brief troubleshooting guide.
· Spiral bound report – compilations of our entire design process and the many analysis done during the course of the semester.
· Large poster – a poster for display purposes that provide a condensed version of our bound report, detailing our design process.
· An archived copy of our team website including our design journals and reference materials.
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