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Background

Movement disorders are characterized by neurological imbalances primarily resulting in a substantial loss of motor control.  Although the causes of most movement disorders remain unknown, many originate from the dysfunction of the region of the brain called the basal ganglia.  This area is greatly affected and can become severely damaged as a consequence of strokes, metabolic abnormalities, liver disease, infections, tumors, drug overdoses or side effects, and head trauma.  These maladies significantly increase the risk of developing a movement disorder and only worsen with age
.  
Movement disorders are classified as either hypokinetic or hyperkinetic, referring to the abnormal increase or decrease in motor activity.  The most common symptoms of movement disorders include tremor, rigidity, postural instability, and a shuffling walk, but can also include slurred speech, reduced ability to show facial expressions, loss of fine motor skills, and a decline in intellectual function.  Wild, involuntary movements known as dyskinesia are often mistaken as characteristics of the disease; however, these problems arise from the large doses of drugs and medications prescribed to control the major symptoms.  Because of the varying degrees of severity and differences in symptoms ranging from person to person, movement disorders are especially difficult to analyze and are often misdiagnosed, which only adds to the complexity in determining a proper treatment
.  
Recent breakthroughs and cutting-edge technology in neuroscience have evoked a new treatment for reducing the symptoms of movement disorders.  Though a costly procedure, deep-brain stimulation (DBS) holds promising results for many people
.  Electrical impulses, regulated by a neurotransmitter (similar to a cardiac pacemaker) implanted near the collarbone, are sent to electrodes within the brain.  Targeted cells in the brain receive the stimuli and are essentially “shut down” in order to reestablish a balance between interfering signals.  DBS reduces intensity of symptoms by 50-60% in most patients with little or no side-effects
.  Because deep-brain stimulation is still a relatively new procedure and all of the risks associated with it are not yet fully assessed, insurance companies are reluctant to cover the surgery.  Nowadays, insurance companies are requiring quantitative verification for the improvement of patient quality of life in order to validate the expense of the surgery.  From this has evolved a new branch of healthcare known as evidence-based medicine.   

Most insurance companies fund rehabilitation and other health services that improve the quality of life for the patient, and will continue funding such therapies until the progress plateaus.  The judgment scale for these therapies is based on daily functions so that it can be more directly related to quality of life
.  While previously a Doctor’s judgment or a simple patient questionnaire was enough to justify the therapies, insurance companies now lean towards more quantifiable evidence.  This is what makes our problem such a difficult one.  How does one put numbers on the quality of life?  How does one define Quality of life? These are all difficult questions that must be tackled with our project.       

Problem Statement

The problem we were confronted with was to design a mechanism that would objectively measure the quality of life of a person with a movement disorder.  The proposed device would ultimately serve as evidence to insurance companies of the improvement of patient quality of life post-deep brain stimulation surgery.  
Problem Overview

Due to the ambiguity of the term “quality of life”, ideas and designs initially were constricted to measure the degree of patient satisfaction, for which already existed various subjective questionnaires.  For the purposes of the project, it was necessary to expand the definition of quality of life to include the improvement of mental, physical, and social function within the patient’s environment.  

The mental aspect of quality of life encompasses a patient’s feelings and attitudes about themselves and their abilities as related to their disease and quality of life.  To accurately gauge this measure, our team will be using cognitive assessments that are already constructed by qualified doctors.  We will be using either PADLS or MSQOL54 questionnaire.  

The physical aspect of quality of life encompasses a patient’s ability to perform daily tasks.  Bluetooth enabled accelerometers will be used to measure the physical aspect pre and post surgery.  Five accelerometers are required to accurately measure small range of motion, one on each wrist, one on each ankle, and a reference accelerometer on the trunk.  

The social aspect of quality of life encompasses a patient’s daily interactions with society and personal relationships.  A Global Positioning System (GPS) will be used to measure the social aspect.  This device will quantify the patient’s social life by tracking the route a patient takes during the day and will record their position every half hour.  It is also important to note, that all three of the aspects of quality of life will be measured pre and post surgery, so as to precisely validate deep brain stimulation.  
Current Designs and Design Constraints
Currently, patients are administered questionnaires that aim to describe and explain their change in quality of life pre- and post-surgery.  The questions range from disease specific to general quality of life.  Many variations of such surveys, such as PDQ-39 or SF-36, are available for physicians and insurance companies’ uses.  After speaking with Gary Diny, a physical therapist at UW-Madison Hospital, we understood that insurance companies fund medical treatments that help patients return to a level of functionality for their specific environment.  We then created a definition for quality of life that encompassed this main guideline; our device had to provide evidence that quality of life had improved post-surgery.  Thus our working definition of quality of life is a measure of the means that people live within their own environments in ways that are best for them.  The ultimate goal of the deep brain stimulation surgery is to enable people to live quality lives -- lives that are both meaningful and enjoyed, but are also functional mentally, physically and socially.  

The key design specifications required for this project are life in service and quantity.  In order to gauge a patient’s quality of life, the device needs to be operational for seven full days.  This will allow an accurate measure and will record not only the patient’s good days, but also the bad.  The Bluetooth enabled accelerometers also need to measure motion in a tri-axial range to give precise results and also need to record data at 20 cycles per second.  For the quantity specification five accelerometers Bluetooth enabled, one PDA Bluetooth enabled, one GPS Compact-Flash card, will all be needed to complete the device.  Although the unit’s target production cost is around $1600, the device will be able to be reused for many patients and is durable enough to withstand many trials.  Another important design specification is that the device must not be intrusive to the patient or restrict normal range of motion.  It also needs to be safe, hypoallergenic for all patients, and minimal in size.  For further design specifications please see Appendix A.
Mental


As one of the three main components of quality of life, mental wellness must be addressed in assessing patient improvement.  For this project, we will not be creating our own questionnaires because we do not have the knowledge and professional training in this field.  Therefore, in order to include a proper test for the mental status of the patients, we are going to include several questionnaires that have already been developed (i.e. PADLS), which encompass general quality of life questions along with disease specific questions. These questionnaires also include depression tests, such as GDS-15, since this is a major symptom of many patients.  Due to the subjective nature of these questionnaires, we will be coupling these surveys with devices that will provide us with more objective, quantitative data.
 
Physical
The physical aspect of our project needs to focus on measuring small range of motion to objectively gauge improvement from pre- to post-surgery and relate those to quality of life.  There was a wide spectrum of possibilities to test the physical aspect of quality of life.  Throughout the semester we worked and narrowed our options down to three possibilities of which we picked and refined one for our final integrated system.  
 Considered Design 1: Gait Sensors

Gait sensors analyze movement by using small reflective spheres that are attached to many of the patient’s joints.  The spheres can be placed on any joint, not only the legs, allowing us to visualize all small range body movements
.  The data is recorded using three triangulated cameras and then transferred to the computer for data manipulation.  Using a system such as this would provide us with the ability to distinguish normal movement from tremors and other Parkinson’s related movement dysfunctions.  By observing patients pre- and post- surgery, we could observe any changes in their functions.  This set up for observation works well in that it allows full range of motion and does not inhibit the patients’ motion at all.  However, due to the mechanism by which the system collects data, i.e. cameras, the apparatus confuses different kinds of motion because it is incapable of depth perception, making analysis of the data too difficult
.
Considered Design 2: SHAPETAPE™
Our next potential idea involves using SHAPETAPE™ technology.  SHAPETAPE™ is a fiber optic based, three dimensional bend and twist sensor
.  This device records data directly to the computer and is easy to use and set up.  The thin piece of fiber-optic wires is taped to the patient’s limbs and measures the change in the amount of light that reaches the receiver as the SHAPETAPE™ is bent with limb movement.  Data manipulation doesn’t require much expertise and the correct type of data could easily be collected.  After further investigation however, we found this device to be quite expensive and not available for preliminary testing.  Also, SHAPETAPE™ might not be able to measure the small range of motion needed for the physical aspect due to its lack of pliability
.  

Considered Design 3: Accelerometers

Our final design alternative encompasses the use of an accelerometer.  This device uses a small mass that is attached to a spring to record acceleration as the patient moves.  The data recorded is then integrated to provide the speed and distance traveled.  Our specific needs require that it measures motion in a tri-axial range and that it be small enough to attach to a patient without being intrusive.  Tri-axial range is important to this project because the small range movements that we are measuring are three dimensional, and so any device not measuring in 3-D provides us with an incomplete data set.  A reference accelerometer placed on the trunk of the patient is necessary to distinguish between accelerations due to forward progress of the patient and patient tremors.  Accelerometers will be placed on the wrists and ankles, so as to measure any irregular movement that occurs at these places.  
The data capabilities of this apparatus must record at 20 cycles per second, twenty-four hours a day, for seven full days.  We specify 20 cycles per second because we need to consider the physical phenomenon of the tremor, which is 4-10 hertz (cycles per second)
.  This requires the battery life and data memory to last for this long; also, the accelerometers must be non-intrusive since the patient must wear them for an extended period of time.  The inconvenience of wearing the accelerometers may be problematic.  Another possible downfall with this device may lie in switching the data from analog, which is how the device records, to digital, for computer manipulation.  This apparatus will be used as our final device and will be discussed in further detail later.
Social

The third aspect of quality of life that we are addressing and testing is the social aspect.  This realm of testing will allow us to understand how the patient’s relationships and interactions in society and out of his/her home has changed, and hopefully improved.  The thought behind this is that while experiencing the symptoms of Parkinson’s, or other movement disorders, patients find it hard to leave the home not only for physical reasons, but also for emotional reasons as well.  If after deep brain stimulation, their symptoms have been reduced, then it is believed that they will be able to leave the house more and will engage in healthier relationships with people outside of the home.  This increase in social interaction can then be correlated to an improved quality of life. We toyed with a few ideas of how to test people’s social interactions in society.  

Considered Design 1: Personal Journal


The idea behind the personal journal is that the patient keeps a log of what went on during their day.  They would write where they went, places outside of the home, and how easy it was for them to do this (physically and emotionally).  They could also write whom they were seeing or what the purpose of their trip was.  This method is reasonable because it is simple and inexpensive and very non-intrusive to the patient.  The problem with this lies in data collection being in the patient’s responsibility.  They could easily forget to write down where and when they are going places which makes it very hard to analyze the data.  The data can also be very biased, in that the patient might only write down things when they are feeling really good about themselves and what they are doing.  This would provide an incomplete data set and would provide results that represent only the positive side of the surgery.  The flip-side of this is also possible, that the patient only remembers to write when they are having a hard time. This also provides an incomplete data set that would end up reflecting rather poorly on the surgery’s effects and would not be a true representation of how the deep brain stimulation had affected quality of life. An inconclusive, or a false representation, record of events must be evaded at all costs.  Because of the high probability of inaccuracy with a personal journal, we decided not to use this method.

Considered Design 2: Global Positioning System (GPS)

Many GPS systems simply give a real-time update on current location, but this is not adequate in the context of this project.  The most essential design specification for this device is the ability to log distance and location.  With this information we can tell where the patient has been so that there is evidence as to the extent that their interactions have changed post-surgery.   We looked at different systems which ranged from a simple watch which would provide only speed and distance to a completely enabled system which would track and store position coordinates.  The major downside with a simplified GPS is that they do not provide sufficient data storage.  The device, in a watch for instance, uses GPS to calculate such things as distance, speed, and acceleration.  It acts more like an accelerometer than the GPS that we need.  We need to be able to not only see how far the patient is going from home, but also where the patient is going – coordinates wise.  Also, a simplified system does not store the data; it would need to be recorded by the patient over the seven day period, which brings us back to the incomplete record problem previously discussed. 

The final design that we decided upon is still a GPS, but it has more capabilities than the simplified model.  A reading of the coordinates and distance from home will be taken every half hour.  The dilemma in deciding the necessary frequency of readings is that we didn’t want to take them too often because we didn’t want higher memory demand and overload of information, yet we needed to take readings often enough so as not to miss any trips that the patient may have made.  Readings every half hour will give an adequate estimate of the patient’s activity level.

Also, because of the interface capabilities it has with a computer, we will also be able to store more data for each patient and it will be much simpler to analyze the data.  The full system fulfills all of our requirements in the data aspect of the design, which is the most important aspect of the design.  Ease of use of the system is also very important, and the GPS is actually going to more convenient for the patient.  The only issue we are going to need to worry about with the social aspect with a GPS is the ethics of working with humans as subjects for this project and essentially we are tracking these patients so some precautionary measures will have to be taken to protect the privacy of the patient. 

Final Design: Integrated Unit

The final integrated unit will consist of a set of wireless accelerometers transmitting via Bluetooth technology to a PDA.  The PDA will also have a GPS CompactFlash card for the social aspect of the project. The PDA will not only allow us to combine both systems into one unit and provide for easy interfacing with a computer, but it will also serve as a data storage unit.
Accelerometers

Since movement disorder patients’ daily physical activity is mostly hindered by their persistent hand tremor, shuffling walk, and occasional involuntary movements, we decided to measure changes in these bodily accelerations using a network of wireless accelerometers.  In order to establish these measurements, we will be attaching one accelerometer to each wrist and one to each ankle, all recording measurements in reference to an accelerometer placed on the torso.  This will provide us with relevant data regarding the excessive movements associated with Parkinson’s Disease and other movement disorders, and in turn, will recognize any changes in the patient’s physical quality of life.    

The accelerometers we chose to use for our project were designed by William Rachelson from the College of Computing at Georgia Institute of Technology.  They contain a Bluetooth (a wireless technology standard that uses high frequency radio waves) module for wireless transmission of data and are minimally invasive.  The exact dimensions are 35 x 35 x 5 mm, or roughly the size of a quarter.  Each accelerometer will transmit a signal to a central Bluetooth enabled PDA that will interpret the signal and log the data.  
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Figure 1: Left - front view; right picture – back view of the accelerometer circuit 
in reference to the size of a quarter
http://www.gvu.gatech.edu/ccg/resources/btacc/index.html
The technical details involving the networking of these devices are quite complicated.  Each accelerometer contains an analog to digital converter necessary for interpretation by the PDA.  The x, y, z data is transmitted in ASCII format which simply associates a number with a character, allowing for this conversion.  Since the normal frequency for hand tremor falls in the range of four to ten hertz, by Nyquis’ Theorem, we must measure at least double that, or at twenty hertz.  This means that 46 bits of data recorded twenty times a second will be stored on the PDA, requiring massive memory capabilities.  Fortunately, after discussing this issue with one of Dr. Montgomery’s colleagues, Daryn Belden who has an extensive knowledge of programming, we concluded that the data can be logged every hour and compressed to a couple megabytes of memory.  An additional complication involves the life of the battery required.  The accelerometer design calls for a standard lithium ion battery that runs on 840mAh and 3.7 volts.  In full transmit mode, each battery will last up to 60 hours, meaning that they will have to be recharged at least once if patients are to be using them for a week at a time.  The size of the battery, like the accelerometers, is also minimally invasive, about the size of another quarter.

Personal Desktop Assistant (PDA)

The central PDA that we chose for this design is a Hewlett Packard iPAQ model 2215.  This PDA is Bluetooth enabled, comes with a compact flash slot (for GPS integration), 64 megabytes of internal RAM, and an SD expansion slot for up to 512 megabytes of additional memory storage.  In addition, this model can easily be interfaced with a PC using a USB link.  It also contains a lithium ion rechargeable battery that can function up to 12 hours.  In order for the PDA to receive, store, and manipulate the data coming from both the GPS and the accelerometers, a great deal of programming is required.  In working with Daryn Belden who is confident that this seemingly colossal task is really quite intuitive, we determined that we will be using a software development kit from Microsoft in order to accomplish this.  
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Figure 2: HP iPAQ2215 – device chosen for central integration unit
http://www.circuitcity.com/detail.jsp?c=1&b=g&u=c&qp=0&bookmark=bookmark_0&oid=74016&catoid=-8028&m=0
Global Positioning System (GPS)

As stated previously, for the social aspect of quality of life we chose to use a GPS system so as to track the patient’s interactions with society.  The most essential design specification for this device is the ability to log distance and location.  With this information we can tell where the patient has been so that there is evidence as to the extent that their interactions have changed post-surgery.  The Laipac GPS system that we chose is a compact flash card that plugs into the PDA and it operates in the same OS (Windows) as our PDA.  Since the GPS system plugs directly into the PDA, we chose one with low power consumption (0.2 Watts) so as to maintain battery life of the PDA, so that it can be used for the entire day without needing to be re-charged midday.  The program that we are going to write for the PDA using the SDK will store the data for us so we can easily retrieve and analyze it.  The program will also record the position of the patient at our desired frequency, every half hour.
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Figure 3: GPS CompactFlash Card

 http://www.laipac.com/gps_tf30cf_eng.htm

Potential Problems

The biggest problem that we foresee right now is integrating and testing all of the applications that we have decided upon.  We need to make sure that all data compiled relates relevantly to quality of life in such a way that insurance companies accept it as an objective validation of the surgery
.  This is difficult to achieve because all insurance companies work differently and do not post all of their regulations for benefits openly.  We also need to consider the ethical issues regarding working with human subjects when we test and use our device.  
Future Work


Once purchased, the three devices must be integrated into one all encompassing system of measurements.  The design specifications are entirely mapped out.  Please see Appendix B for accelerometer specification list.  We have provided our client with a thorough list of all of the parts to order as well as a plan on how to assemble and integrate them.  The next step is for all of the parts to be purchased and delivered.   The accelerometer boards then need to be populated and cased, and Daryn Belden needs to write the program for the PDA using the SDK.  Then the integrated system can be tested in clinic with Dr. Montgomery’s patients.  
Expenses/Budget


The target production cost of the entire integrated unit is roughly $1600.00.  Each accelerometer is $200.00, thus a total for the set of accelerometers will be $1000.00.  The PDA is around $400.00 and the GPS CompactFlash is $200.00.  As there was no budget specified by the client, we found the most effective yet cost efficient devices for each quality of life aspect.
Ethics


Dealing with patients is our main source of ethical concern.  Mainly the problem lies in that we are going to be essentially tracking the patients for a week.  With the GPS we will have a complete list of where they have been going over the week period.  Also, the small range of motion will be recorded twenty-four hours a day for a full week.  In order to gain these data sets from patients, they must be fully willing to engage in this testing.  All activities performed will be relayed to the patient before they agree to be observed.  Also, all information will be kept confidential and anonymous.  
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Appendix A

A System of Objective Measure of Patient Quality of Life

Spring 2004

Team Members:  Katherine Davis, Kayla Ericson, Maja Middleton, Kristin Riching

Advisor:  Justin Williams

Client:   Erwin B. Montgomery, M.D.

Function: The system should be able to objectively measure the daily functions of a patient, post-surgery, as they are related to the quality of life for the patient.  The main focus of the patients is movement disorders and the deep-brain stimulation surgeries practiced to better the patient and minimize their symptoms.  To cover the cost of the surgeries, insurance companies are beginning to require objective evidence that the quality of life for the patient is improving.  The system of measure that we design should qualify as evidence for the insurance companies.

Client Requirements:  Objectively measure the patient functions as they are related to quality of life.  Qualify as evidence for insurance companies. 

Design Requirements:

1. Physical and Operational Characteristics 

a. Performance requirements:  The product should be able to be used on all types of patients, to measure motion in three axes, to operate for 7 days, and to be easy to use for both the patient and doctor. 
b. Safety: It needs to be both safe for the patient and the operator. 

c. Accuracy and Reliability: It will fulfill the insurance companies’ requirements for reliability as the tests relate to quality of life.  It needs to be dependable and durable enough to be used repeatedly.  Accurate measurements/recording of motion in three axes necessary and data should be easily interfaced (converted to digital) if it is taken in another form so that data interpretation is possible
 d. Life in Service: Should be able to operate for 24 hours per day, 7 days per week.  It should be able to record tri-axial motion at a rate of 20 cycles per second (accelerometer).  
e. Shelf Life: Only the batteries will be a concern, and they should last for a minimum of 7 days for twenty four hours a day.
f. Operating Environment: The devices will be exposed to all weather conditions such as snow, rain, and severe temperatures and pressures so it should be waterproof and be tolerant to different temperatures. In addition, it should be properly protected so that wear and tear (dirt, scratches, dropping of the device) is minimized.  
g. Ergonomics: Accelerometers should be designed so as to minimize intrusiveness on the patient therefore cords and heavy components should be avoided when possible.  The accelerometer will be used under normal force conditions (every day movements).

h. Size: Minimal.  Accelerometers less than 3 square centimeters, GPS should fit into a watch or PDA.

i. Weight:  Not more than 750 grams for the accelerometer and 2.12 kilograms for the GPS system

j. Materials: Hypo-allergenic for all patients, waterproof and temperature and pressure resistant

k. Aesthetics, Appearance, and Finish:  Accelerometers should be as appealing/small as possible and easily hidden. 
2. Production Characteristics 

a. Quantity: One set of device systems (four accelerometers, one GPS, and one questionnaire) for each patient engaging in the validation of the surgery.

b. Target Product Cost: $1600 total - $200 for each accelerometer, 5 are required; $400 for PDA; CompactFlash Card $200
3. Miscellaneous 

a. Standards and Specifications: FDA approval necessary

b. Customer: The client is most concerned with being able to accurately record the data in all three axes and to convert the data to a computer program so that is easy to interpret so as to minimize disputes with insurance companies about the validity of the data and apparatuses

c. Patient-related concerns:   A concern for patients is the intrusiveness (size/weight) as well as appearance of the accelerometers.  The presence of the device must be almost undetectable so that the patient can continue with day-to day functions unhindered.

d. Competition: none to date
	Description
	Designator
	Footprint
	LibRef
	Quantity
	Price
	Source

	Capacitor
	C1
	_0603
	CAPACITOR
	1
	 
	 

	Capacitor
	C2
	3216[1206]
	CAPACITOR
	1
	 
	 

	399-3118-1-ND
	C3
	_0603
	CAPACITOR
	1
	1.98
	digikey.com

	399-1773-1-ND
	C4
	KEMET_CAP
	CAPACITOR POL
	1
	0.83
	digikey.com

	399-3118-1-ND
	C5
	_0603
	CAPACITOR
	1
	1.98
	digikey.com

	399-1773-1-ND
	C6
	KEMET_CAP
	CAPACITOR POL
	1
	0.83
	digikey.com

	311-1087-1-ND
	C7
	_0603
	CAP
	1
	0.64
	digikey.com

	311-1087-1-ND
	C8
	_0603
	C_
	1
	0.64
	digikey.com

	311-1087-1-ND
	C9
	_0603
	C_
	1
	0.64
	digikey.com

	311-1087-1-ND
	C10
	_0603
	CAP
	1
	0.64
	digikey.com

	311-1087-1-ND
	C11
	_0603
	C_
	1
	0.64
	digikey.com

	311-1087-1-ND
	C12
	_0603
	C_
	1
	0.64
	digikey.com

	160-1183-1-ND
	D0
	_0603
	0805_LED
	1
	0.17
	digikey.com

	160-1181-1-ND
	D1
	_0603
	0805_LED
	1
	0.28
	digikey.com

	H3374-ND
	JP1
	9CONN_SMT
	Header 9
	1
	0.91
	digikey.com

	H3374-ND
	JP2
	9CONN_SMT
	Header 9
	1
	0.91
	digikey.com

	H3374-ND
	JP3
	9CONN_SMT
	Header 9
	1
	0.91
	digikey.com

	 
	R1
	_0603
	RES1
	1
	 
	 

	 
	R2
	_0603
	RES1
	1
	 
	 

	311-4.7KGCT-ND
	R3
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R4
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R5
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R6
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R7
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R8
	_0603_selector
	RES1
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R9
	_0603
	RES2
	1
	0.70
	digikey.com

	311-4.7KGCT-ND
	R10
	_0603
	RES2
	1
	0.70
	digikey.com

	311-1.00MHCT-ND
	R11
	_0603
	RES2
	1
	0.77
	digikey.com

	311-1.00MHCT-ND
	R12
	_0603
	RES2
	1
	0.77
	digikey.com

	Resistor
	R13
	_0603
	RES1
	1
	 
	CAN BE IGNORED

	EG2586CT-ND
	S1
	SW1257
	SW-SPST
	1
	1.43
	digikey.com

	401-1099-1-ND
	S2
	KSS_SMT_SW
	SW-SPST
	1
	0.46
	CAN BE IGNORED

	 
	SENS1
	_LCC8_ACC_SENS
	SENS_ADXL202E
	1
	21.01
	digikey.com

	Accelerometer ADXL202E
	SENS2
	_LCC8_ACC_SENS_TILT
	SENS_ADXL202E
	1
	21.01
	digikey.com

	TAIYO YUDEN EYMF2CAMM-XX
	U1
	EYMF2CAMM-XX
	EYMF2CAMM-XX
	1
	70.00
	btdesigner.com

	PIC16LF873-04I/SO-ND
	U2
	SO28W
	PIC16C72-04/JW(28)
	1
	7.48
	digikey.com

	PX400SCT-ND
	U3
	RESONATOR
	RESONATOR
	1
	1.61
	digikey.com

	296-11033-1-ND
	U4
	SOT-23-5
	VOLTREG-SOT223
	1
	0.96
	digikey.com

	296-11021-1-ND
	U5
	SOT-23-5
	VOLTREG-SOT223
	1
	0.96
	digikey.com

	Circuit Board
	
	
	
	1
	80.00
	pcbexpress.com

	
	
	
	
	
	$200.70
	Total 


Appendix B






� Baylor College of Medicine, 2001


� Baylor College of Medicine, 2001


� Montgomery, 2004.


� Montgomery, 60 Minutes


� Diny, 2004.


� Meyers, 2000.


� Nicolelis, 2004.


� Montgomery, 2004.


8 SHAPETAPE™, 2004.


� Davis, 2004.


� Montgomery, 2004.


� Diny, 2004.
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