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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:

1.0 Introduction

When compared to most projects, the Instrumented Football Helmet is unique on the packaging front. Rather than design a package around an embedded system design, the IC has to be designed to fit inside an existing product. The package itself is a standard regulation football helmet.

The restrictions imposed by the helmet on the IC are numerous. The designed system must be lightweight and small as too much mass would adversely affect the performance of the athlete and anything too large wouldn’t fit well inside the helmet. Secondly the helmet must remain relatively cool. If it gets too hot, it will get uncomfortable for the athlete and again, adversely affect their performance. Thirdly all hardware must be hidden from view. All of the chips, PCBs, wires, and antennas must remain within the helmet to avoid impact or exposure to weather. Finally, all circuitry must be firmly in place and be able to withstand major shock without breaking or coming loose. These restrictions can be handled by an intelligent selection of components, an even distribution of parts inside the helmet, and proper wiring.
2.0 Commercial Product Packaging
There are two categories of products on the market that are similar to ours. The first category accomplishes the same goal and has the same target market segment. The other category uses the same technology but accomplishes something completely different and targets a separate consumer base. Since there is only one existing product on the market that is similar to ours, a product from each category will be analyzed. 
2.1 Product #1 (Riddell Revolution IQ HITS™)
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	Figure 1. Riddell Revolution IQ HITS™


There is only one product that fell into the first category and that is the Riddell Revolution IQ HITS™. It is a very well designed product and currently sells for $1000[1]. It consists of 6 accelerometers, a Wi-Fi transmitter and rechargeable batteries. It is packaged inside of a standard regulation football helmet. Similar to our product, the HITS™ helmet monitors impact data and reports potentially dangerous impacts to sideline personnel. It also allows the player to download data after a practice or a game onto a PC where it can be analyzed, graphed, saved, or studied [1].
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	Figure 2. X-ray of Riddell helmet


For this project to be successful, it must look and feel like a normal regulation sized football helmet. The Riddell Revolution IQ HITS™ accomplishes this goal. The antenna is placed along the roof of the helmet which gives it optimal reception and keeps it away from other parts that might cause electrical interference and transmission noise. Another packaging feature of the HITS™ helmet is that it uses multiple small PCBs instead of one large PCB. This allows an easier integration into the helmet. The distribution of parts throughout the helmet will help keep the weight even.
2.2 Product #2 (BMW M5 Sports Sedan)
One example of a product from the second category would be a high performance sports car, such as the BMW M5. This car uses accelerometers in traction control systems, airbag deployment, and vibration sensing [2]. While the application is different than the Instrumented Football Helmet, the technology behind it is very similar. 
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	Figure 3: BMW M5


One positive aspect in the packaging of the M5 is its seamless integration of this technology. The typical driver doesn’t realize when the traction control is engaging as the accelerometers and embedded systems all work in the background. This idea must be kept in mind when building the Instrumented Football Helmet. The design of the PCB should be integrated into the helmet in such a way that the player is unaware of data being collected, analyzed, and sent to the sideline.
Caution must be taken that the technology does not compromise the performance of the helmet. A driver in the seat of an M5 can disable the traction control in order to get better acceleration and breaking power. However, the helmet must remain as safe and protective with the circuitry inside it as it is without it.
3.0 Project Packaging Specifications
Currently the plan is to divide the PCB into 6 parts. The first part will contain the MCU, the second will contain the batteries and power supply circuitry, and the third will contain the wireless adapter. The last three PCBs will be accelerometer clusters. Each cluster will consist of 3 single-axis accelerometers. This will allow each PCB to fit comfortably inside the helmet and minimize the chance of damage upon impact. In order to disperse the weight evenly over the helmet, the PCBs will be distributed throughout the board. The heaviest component is the battery, weighing 43 grams [3]. This is not restrictive and thus could be mounted anywhere. Ideally the microcontroller should be near the center of the helmet to shorten the data lines between it and the accelerometers.
In addition to PCB placement, twisted pair Ethernet wiring will be used to reduce noise on the accelerometer data lines. This should allow appropriate distribution of the components around the helmet without adding to the cost or size of the design. Ethernet wiring is small enough to incorporate easily into the helmet padding.
Factoring in the cost of all the major components, the weight of the project should be negligible and shouldn’t change the weight of a standard regulation helmet, which weighs around 6-8lbs [4]. The entire cost of the project should come out to around $344.
4.0 PCB Footprint Layout

Initial estimates for the PCB Footprint measure approximately 2 inches by 2.3 inches for the Wi-Fi PCB and 1 inch by 1.5 inches for the microcontroller PCB. Each accelerometer is a cm2 in area [5], making each cluster PCB just over 2cm by 6 cm. The charge circuit footprint and the fuel gauge footprint are 4mm by 4mm each. The accelerometer PCBs will be connected to the microcontroller PCB via Ethernet twisted pair cabling. This will help the accuracy of the helmet by reducing noise on the analog data lines. Please refer to appendix C for scaled drawings of the PCBs.
5.0 Summary
After taking into account the restrictions a football helmet imposes on packaging and analyzing existing products, it makes sense to break up the PCB into parts. This not only makes the design easier to install into the helmet, but it ensures that the weight is distributed evenly. To compensate for the increased space between the components, insulated Ethernet cabling will be used to help reduce noise and ensure accurate readings.
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Appendix A:  Project Packaging Illustrations
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	Figure 4: Component Placement

Blue = MCU, Brown = Memory Card, Green = Wi-Fi Chip

Pink = Battery and Power IC, Red = Accelerometer Clusters


Appendix B:  Project Packaging Specifications

	Part
	Weight
	Cost
	Number

	PIC18 Micro
	.01 lbs
	$2.00
	1

	Accelerometer
	.01 lbs
	$12.00
	9

	Matchport Wi-Fi
	.03 lbs (14g)
	$75.00
	1

	Lithium Ion Battery
	.10 lbs (43g)
	$14.00
	1

	SD Card + Reader
	.04 lbs (20g)
	$15.00
	1

	Battery IC
	.01 lbs
	$10.00
	1

	Football Helmet
	8 lbs
	$120.00
	1

	TOTAL
	8.27 lbs
	$344
	


Figure 5: Weight and Cost Estimation of Major Components
Appendix C:  PCB Footprint Layout
Note: PCB sizes might need to be increased depending on wiring connectors. Connectors are color coded for clarity and are given rough size estimates. All chips (green) are to scale.
Figure 6: Scale PCB drawing




NOTE:  This is the first 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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