ECE 477
Digital Systems Senior Design Project
Fall 2008

ECE 477
Digital Systems Senior Design Project
Fall 2008


Homework 3:  Design Constraint Analysis and Component Selection Rationale
Team Code Name: ___Instrumented Football Helmet___________  Group No.  ___2___

Team Member Completing This Homework: ___Kevin Hughes_____________________
e-mail Address of Team Member: ____kghughes__________ @ purdue.edu


[image: image1]
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: 
This looks very good and is in-line for the final report.  See the comments inside, and be sure to reformat to be easier to read along with computation on the micro and updates to the block diagram.  Thanks for working on this to get up to speed.
1.0 Introduction

Football is a sport that comes complete with cheering fans and a high risk to the player’s health. The instrumented football helmet should help to alleviate some of these risks by providing a cushion between the player’s head and the world, as well as real time monitoring of the impacts a player will receive during the course of a game.  The problems that can come with designing an instrumented football helmet focus around the player’s ability to feel comfortable and the electronic components speed and durability. One has to consider the weight and balance of the total design, the sensitivity of the components that are measuring forces, power use of all the combined electronic components, the distance and nature of the wireless device, and the computational power of the embedded device that will drive the entire system. These constraints will be highlighted throughout the rest of the document
.
2.0 Design Constraint Analysis

While already briefly introduced, the design constraints are a major deciding factor in each and every component of the design of the instrumented football helmet.  It is very important that the weight of the completed design be as close to the normal weight of a player’s original helmet as possible.  If the design weighs too much, there is a significant potential for the player’s performance to decline because of the reduced reaction time with the added weight on their head or even a potential for the player to get hurt because of the added inertia from the extra components.  Along with the weight, one must consider the balance of the design too.  If the balance is off by just a fraction, the player could have their head rotated to one side or another while being tackled.  The accelerometers must be sensitive enough to accurately measure the force of hits a player receives.  A variation of +/- 10 g’s could be the difference between a potentially hazardous collision and a concussion causing one.  Also, the overall range of the accelerometers is important too.  If a player’s head gets hit with a force of 70 to 95 g’s then they have a potential concussion, so the accelerometers need to be able to reliably record forces well over 95 g’s [4].  In order for an instrumented helmet to be beneficial, it needs the ability to talk to the sports trainer or the coach and relay to them hits that may be dangerous.  A football field is 100 yards in length, which means the helmet needs to be able to broadcast at least 60 meters distance to communicate with a receiver in the sidelines at the center of the field. The processer chosen needs to be able to handle sending and receiving data, performing various calculations, and storing data on off chip memory all at once. If the microcontroller fails during a game because the computational requirements become too great, a player’s injuries may go unnoticed and then worsen because of repeated collisions.  All of the components chosen need to be able to withstand impacts taken by the player to avoid device failures.  Also, the combined power consumption of all the components needs to be minimal so that a smaller less powerful battery will suffice.
2.1 Computation Requirements

The microcontroller on the instrumented football helmet will be performing multiple computations, sending and receiving data, performing conversions on data, as well as operating various external peripherals.  There will be 9 ATD converters transforming the outputs of the accelerometer into usable data at any given time. Once the microcontroller receives the values from the ATD converters, it will compute the resultant force from the values using the Pythagorean Theorem and compare the result with the user defined threshold for concussion alerting.  Once the processor has determined that the concussion threshold has been met, it must access the wireless adaptor and relay the information to the sidelines and process additional data from the accelerometers to have continuous results.  The microcontroller also must be able to continuously relay data to the SD card for storage. The battery charge indicator will be relaying information about the charge remaining to the microcontroller in order to keep an up to date charge displayed either on the helmet itself or on the web server the trainers and coaches will be able to access. In order to keep the operations running smoothly the microcontroller will have to run at 20 MHz.

2.2 Interface Requirements

Correct operation of the instrumented football helmet requires several external components interacting with the microcontroller. Each of these components consumes a number of I/O pins utilized by the microcontroller. The SD card requires 3.3v to operate correctly, and utilizes 4 I/O pins for data transfer. The accelerometers need 5v to function, and the microprocessor needs 3 ATD per accelerometer [5,10].  The wireless adaptor requires 3.3v to function and is going to be toggled manually using 4 I/O pins [6].  If the design includes any on helmet charge indication, the micro will require at least 3 I/O pins to interface with the LEDs which are typically powered with 5v.
2.3 On-Chip Peripheral Requirements

The microcontroller will need specific on-chip peripheral to complete the required data gathering and analysis. There will need to be at least 9 or 10 channels of 1 bit ATD.  Communicating with the wireless adaptor will also require its own peripheral.  The nature of the chip requires the microcontroller to utilize RS-232 serial protocol to relay information [6].  The RS-232 will most likely be integrated onto the microprocessor instead of outsourced to an external chip.  The SD card reader will use the SPI port for the data storage and will most likely be the only peripheral utilizing the SPI.
2.4 Off-Chip Peripheral Requirements
In general sense, it’s almost impossible for one component to complete all the necessary steps expected from an embedded design.  An expectation of such would require the microprocessor to be much too powerful which would mean larger batteries and embedded systems.  To alleviate the requirements of the microprocessor, many dedicated tasks are outsourced to off chip components. In the instrumented football helmet, the battery management is one such task that is handled this way. The MAX8856 chip will take care of charging the battery and the DS2784 will take care of relaying the current remaining power in the battery to the microprocessor [8].  Another peripheral that is heavily relied upon is the wireless adaptor.  The Matchport adaptor takes serial data from the microprocessor and converts it to the usable 802.11 b/g wireless signal, as well maintains its own internal web server [6].  The last component that may be needed, depending on if the SD card needs to be readable by a computer or not, is a FAT32 conversion chip.  This chip will accept serial data and then convert it to the format computers will use to read from the SD card [12]. These components are all necessary to keep the amount of computations done on the microprocessor to a minimum.

2.5 Power Constraints

An important aspect of the instrumented football helmet is that it must be battery powered. This requirement provides a limitation to the power consumption of each component.  If any component heats up enough for the player to notice, it will adversely affect performance, which would be a defect in the design.  Currently, the power consumption of the helmet is the following: Matchport Wireless Controller: 70/223mA, MSP1004-nd Accelerometers: 10mA, SD Memory Controller: 40mA, PIC16F887Microprocessor: 13.5mA [2,5,6,10].  Running all components at maximum power we will draw 277.5mA.  If the helmet was to be operational for 5 hours, the battery would need to be able to output 
1387.5 mAh.  One such battery is the LIR18500, which holds
 1400 mAh [1]. 
As an alternative, the design could utilize two smaller capacity batteries, the LIR14500, to attain the same battery capacity.  At this point, the helmet will use just one battery because the combined weight of the two smaller batteries exceeds that of the single battery by 7g. Once the testing begins, the parallel battery configuration may be used if it generates less heat during use.
2.6 Packaging Constraints

Packaging an embedded system inside of a football helmet can be problematic.  Each component needs to be anchored down to the helmet and be able to resist impacts of significant force.  The size of the system needs to be able to fit inside of the helmet or on the helmet in a small compartment that still provides maximum safety to the player. The total weight of the design must be small to not affect or endanger the player. The individual component weights are:  Matchport Wireless Controller: 14g, MSP1004-nd Accelerometers: .35g, SD Memory Controller: .1g, PIC16F887Microprocessor: 2.1g, LIR14500 Battery: 33g [1,2,5,6,10].  The total weight of the design based solely off of the components will be 49.55g.  This is approximately the weight of 10 nickels [14].

2.7 Cost Constraints

Through research indicates that there are few instrumented helmets on the market while there are many in use.  Most designs are used for research purposes through the government and private companies.  The one company, Riddell, that has introduced its instrumented helmet to the general market charges an outstanding 1000 dollars per helmet, and then charges 300 dollars for the receiver to communicate with the helmet [13].  The company has not posted any relevant technical data on their product. Battery life, receiver distance, and recharge time are pieces of information that have not been publicly advertised.  The instrumented football helmet outlined in this report will only cost a fraction of that amount at 200 dollars. The accelerometers will be 38 dollars each, the wireless adaptor will be 75 dollars, the microcontroller will be 4 dollars, the SD card reader will be 1 dollar, and the SD card will be 3 dollars.  The designing of the helmet may be more expensive due to part repurchasing after mishaps.
3.0 Component Selection Rationale

Selecting components to satisfy a designs final completion goals can be a strenuous task.  Breaking down the overall design into small manageable tasks, and then locating the perfect component to achieve any one of the tasks in the most cost efficient and power efficient manner takes time and thoughtful consideration on each task.  Knowing that the helmet would require at least 1 and up to 4 accelerometers to function and multiple communication lines to off chip memory and the wireless adaptor two microprocessors seemed to be the best fit.  The PIC16F887 and the ATmega8 both have the required I/O and ATD [3,11].  The PIC16F887 has 14 10-bit ATD and 36 I/O along with an SPI and UA/SRT communication line [3,10].  The ATmega8 has 8 12-bit ATD and 23 I/O along with an SPI port [3].  After much consideration, the PIC16F887 was chosen because of the extra ATD and I/O at approximately the same price of under 4 dollars.  In the event of a mishap there will be extra ports to spare on peripherals.  In order for the data to be accurate enough to detect a potential concussion causing impact, the accelerometers must be able to record over 150 g’s.  Both the ADXL193 and the MSP1004 handle +/- 250 g’s with +/- 3 g accuracy [2,5].  The only difference between these accelerometers is the axis count.  The ADXL193 is a single axis and the MSP1004 is a 3-axis accelerometer [2,5].  The MSP1004 will be the best choice because it will eliminate worrying about mounting up to 9 accelerometers to have redundancy or rotation sensitivity on the x axis, y axis, and z axis.  The wireless adaptor was an easy choice.  There are only two widely used adaptors and both have an embedded web server.  The Matchport adaptor has a variety of antennas to choose from and costs 75 dollars, while the WiPort has only one hard wired antenna and costs 120 dollars [6,7].  On the basis of cost and choice of antenna, it was decided that the Matchport would be best
.  When it came to choosing a battery management chip, there were not many competitors to be found, so to aid in the search other wireless products were looked into and each one used the same company’s chip.  It was assumed that if other companies all chose the same chip, it had to be a good choice; which led to the selection of the MAX8856 power management chip to facilitate the recharging and charge indication of the battery [8]. In the event that we use two batteries, the MAX8856 will not be able to work so the MAX1758 battery management chip will be used.  The battery charge indicator to be used is the DS2784. However, just like the battery management chip, if the two battery route is taken, the alternative chip would be the PS800X.  The battery chosen, LIR18650, is a lithium ion battery rated at 1400 mAh [1]. If the design will use two batteries in parallel, then the LIR14500 will be used; however, using two batteries would almost double the weight of a single battery. 
4.0 Summary 
Inspired by the need for additional protection in the rough sport of football, the instrumented helmet first came into concept.  The purpose of the helmet is to monitor and record forces felt by the players head in an impact, and to do that an embedded design would have to be implemented.  Teams from both Purdue University and Villanova University assembled to accomplish this task in the cheapest most efficient way in terms of weight, size, longevity of use, ease of use, and ability to be used from anywhere on a football field.  The components that were analyzed and found fit for use in the design were: PIC16F887 microprocessor, Matchport wireless adaptor, MAX8856 battery manager, DS2784 battery charge indicator, MSP1004 accelerometer, LIR18650 battery, and a generic SD card holder with SD card.  These components are the best fit for the helmet that could be found after countless hours of research done by both teams.  The only competition that exists out in the business world charges over 4 times as much as the design team can produce a single unit for.  The helmet will be usable for at least 5 hours on the field and can be adapted to any sport that would wear a helmet.  Over the next few months, the design teams will take these components and create the instrumented football helmet outlined in this report.
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Appendix A:  Parts List Spreadsheet
	Vendor
	Manufacturer
	Part No.
	Description
	Unit Cost
	Qty
	Total Cost

	Digi-Key
	MicroChip
	PIC16F887
	8-bit Microcontroller
	3.63
	1
	3.63

	Grid Connect
	Lantronix
	GC-MATCHPORT-G-01
	Wireless adaptor
	75.00
	1
	75.00

	Maxim-IC
	Maxim-IC
	MAX8856
	Battery management
	Sample
	1
	0.00

	Maxim-IC
	Maxim-IC
	DS2784G+
	Battery charge indicator
	3.70
	1
	3.70

	Digi-Key
	Measurement Specialities Inc
	MSP1004-nd
	Accelerometer
	37.95
	3
	113.85

	Mouser
	UltraLife
	LIR18500 – equivalent
5169-UBBP01
	Li-Ion battery
	15.00
	1
	15.00

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	TOTAL
	$211.18
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NOTE:  This is the first in a series of four “professional 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.








�Good introduction.


�Thank you for a clock speed, but where did you get this number? Please give me some details into how you arrived at this.  Also how big is the program, how much memory do you estimate you need?


�These sections are good.


�Have a capacity of at least


�Has a capacity of


�Excellent job here, but putting these numbers in a chart would make it easier to follow.


�Same here- a table.


�Good comparison here.


�I am glad to see you are thinking of the power that goes to each of the components, but it is not necessary.  Just label that the accelerometer is using the 5, mem card is 3.3, etc.  Also the power rails come out of a power section, not directly from the battery as the battery is 3.8V output with an optional wall wart.  Be careful to be very clear about that.
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