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Evaluation:

	SCORE
	DESCRIPTION

	10
	Excellent – among the best papers submitted for this assignment. Very few corrections needed for version submitted in Final Report.

	9
	Very good – all requirements aptly met. Minor additions/corrections needed for version submitted in Final Report.

	8
	Good – all requirements considered and addressed.  Several noteworthy additions/corrections needed for version submitted in Final Report.

	7
	Average – all requirements basically met, but some revisions in content should be made for the version submitted in the Final Report.

	6
	Marginal – all requirements met at a nominal level.  Significant revisions in content should be made for the version submitted in the Final Report.

	*
	Below the passing threshold – major revisions required to meet report requirements at a nominal level.  Revise and resubmit.


* Resubmissions are due within one week of the date of return, and will be awarded a score of “6” provided all report requirements have been met at a nominal level.
Comments:

Comments from the grader will be inserted here
1.0 Introduction

The Instrumented Football Helmet is designed to sense impacts.  The helmet will use three sets of accelerometers to accurately measure both impact strength and rotational inertia from impacts for the purpose of detecting concussion-causing hits.  It will also use a micro SD card for extra data storage.  The Instrumented Football Helmet will communicate to the sidelines via wireless Ethernet through a Matchport b/g.  In addition to communicating through this wireless connection to sideline pagers to warn of a possible concussion, the helmet will include an embedded web server for accessing data and changing internal thresholds on the fly.  Through this wireless Ethernet connection, the helmet would also be able to transfer all stored data to another network device.  The Instrumented Football Helmet is intended to be used both as a safety device, warning that medical attention may be necessary on a hard hit to the head, and as an aid to research into head injuries.  In order to meet these operating requirements, several different design choices must be considered.
2.0 Theory of Operation
2.1 Power Supply

The Instrumented Football Helmet is powered by a single cell lithium ion battery.  This battery will output 3.7 volts and will have enough charge capacity to run the helmet for at least 4 hours.  The battery will be recharged by a Microchip MCP73838 and a battery fuel gauge is implemented by a Maxim DS2782 chip.  The MCP73838 has a thermal protection feature using a thermistor and supports both USB and standard DC power input [7].  To regulate the battery output, two chips will be used.  For a regulated 3.3 volt power line, the LTC3440 Synchronous Bock-Boost DC/DC Converter will be used.  This 3.3 volt power line will power most of the devices in the helmet, and so has a high current requirement.  The LTC3440 is rated to supply up to 600 mA of current[5], which will be enough to support even the worst case current draw of the Matchport.  The second chip to regulate the battery is a Linear Technology LTC1751 Regulated Charge Pump DC/DC Converter.  This chip is used to create a regulated 5 volt power line with a rated current of 100 mA [6].  The Matchport[4], PIC18 microcontroller[1], and micro SD card will be on the 3.3 volt power line while only the nine single-axis accelerometers will be powered by this 5 volt line so no more than 50-60 mA will be needed on this line [2],[3].
2.2 Microcontroller

The microcontroller that will be used in the Instrumented Football Helmet is the PIC18F45K20.  It will be powered at 3.5V and run at a core operating frequency of 64 MHz with an instruction frequency of 16 MHz [1].  This operating frequency allows the microcontroller to perform all necessary calculations on accelerometer data.  While power consumption is important for this project, the microcontroller’s power consumption is not even close to that of the more power-hungry Matchport, so reducing the microcontroller’s operating frequency would have very little noticeable effect on battery life.  In the helmet, the microcontroller will be responsible for interfacing with the SD card, accelerometers, and Matchport.  It will read and write data from any installed SD card, capture measurement data from accelerometers, and interface with the Matchport for wireless communications.
2.3 Accelerometers

Two different accelerometers will be used in the Instrumented Football Helmet.  One of these accelerometers is an x-axis accelerometer while the other is a z-axis accelerometer.  By using two x-axis accelerometers and a single z-axis accelerometer, a single tri-axis accelerometer can be roughly approximated.  The helmet will be using three of these tri-axis accelerometers in order to measure both standard and rotational acceleration.  Each single axis accelerometer will be powered with 5 volts and returns a single signal of 0.5-4.5 volts, specifying the current acceleration from -200 to +200 g’s [3],[4].  Each accelerometer also has a built in self-test which will be used in a debug mode to determine if the accelerometer is still working. 
2.4 Wireless Matchport

The Matchport will provide a wireless g Ethernet connection.  This will enable in-game sideline alerting through its built in e-mail capability.  The Matchport also contains an embedded web server allowing users connected wirelessly to change impact thresholds on the fly.  Data stored in the SD card during the game will also be able to be downloaded to another device over the network.  The Matchport needs to operate at 3.135-3.45 volts and has a maximum current draw of 360 mA [4].  It will be connected to the microcontroller via a RS-232C interface at 3.3V.
2.5 microSD Card
A single microSD card will be used to store accumulated measurements above a certain threshold.  This card will be treated as expandable storage for the impact data recorded during the course of a game or practice.  This card will be connected to the microcontroller through the processor’s built-in SPI module and is powered at 3.3 volts.
3.0 Hardware Design Narrative
The PIC18F45K20 microcontroller’s most important (and computationally intensive) task is to calculate the total acceleration at a given time based on all the accelerometer input data.  This microcontroller also is tasked with comparing this data to thresholds and either throwing the data out, writing it to an SD card, or both writing it to the SD card and sending an alert.  Its final task will be to interface with the Matchport to send and receive data wirelessly.  
3.1 SPI

The microcontroller’s SPI peripheral will be used exclusively to interface with the micro SD card.  For connecting to the micro SD, this will use the RD0, SCK, SDI, and SDO pins.
3.2 Analog to Digital Converters

Eleven analog to digital converters will be used in this design.  Nine of these will be used for data from the nine accelerometers mounted within the helmet.  The final two analog to digital converters will be used as inputs for reference voltages.  In these pins, 0.5 and 4.5 volts will be input as the low and high reference voltages for data retrieved from the accelerometers.  These reference voltages will be generated by a simple voltage divider circuit off of the 5 volt power line.  A sampling frequency of 400 Hz will be used for the analog to digital converters.
3.3 Serial (USART)

The microcontroller’s serial interface will be used to connect to the Matchport using RS-232C.  For this only two pins are needed: the Tx and Rx pins. A baud rate of 9600 will be used.
3.4 Timer Module
The timer module will be used to generate interrupts for sampling and other interfacing needs.  An internal clock will also be kept in order to time stamp saved data for future reference.
4.0 Summary

Using these components and microcontroller peripherals, the Instrumented Football Helmet will be able to act as a warning against potential concussions and as a valuable tool for head injury research.  The key piece of the entire design is the Matchport wireless adapter which will allow the helmet to send its alerts and to transfer its gathered data to another device.  The power supply of the helmet was carefully considered to allow for at least four hours of continuous worst case operation, covering even overtime games and extended practices.
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Appendix A:  System Block Diagram
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IMPORTANT:  Use standard IEEE format for references, and CITE ALL REFERENCES listed in the body of your report.  Provide “live” links to all data sheets utilized.





NOTE:  This is the second in a series of four “design component” homework assignments, each of which is to be completed by one team member.  The completed homework will count for 20% of the individual component of the team member’s grade.  The body of the report should be 3-5 pages, not including this cover page, references, attachments or appendices.
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