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1
Introduction
Heart failure is a condition in which the heart weakens and does not pump enough blood throughout the body.  Heart failure does not mean that the heart has failed or is about to fail.  People who develop heart failure will overtime start experiencing severe cardiac complications that could lead to them being referred to cardiac rehabilitation.  Cardiac rehabilitation increases the patient’s quality of life by decreasing cardiac symptoms and complications, increasing blood flow throughout the body, and encouraging self-management (What Is Heart Failure, 2004).

 There are over 22 million people world-wide dealing with heart failure (Svoboda, Binns, Dyer, & Morgenstern, 2008).  Of the 22 million heart failure cases, over five million are in the United States.  Unfortunately, 80 percent of the five million people who are diagnosed with heart failure do not complete the recommended cardiac rehabilitation program, and 79 percent of patients who do not complete the rehabilitation program will prematurely die of heart complications (Mini ECG, 2008).
Beaumont Hospital says “active involvement of the patient and family is vital to the success of the program” (Cardiac Rehabilitation, 2008).  There was a study conducted by a clinical research team from Concord Clinical School, which concluded if patients felt actively apart of the rehabilitation program, felt close to their rehabilitation specialist, and knew the benefits from participating in the exercise regime, the patient is more likely to stay in the rehabilitation program (Seega, 2007).  The Heart Exercise Accelerometer Rehabilitation Tool (H.E.A.R.T.) is meant to change the behavior of the cardiac patient and improve the retention rate of cardiac rehabilitation by helping the patient feel more involved in their rehabiliation program.  H.E.A.R.T. provides the patient and rehabiliation specialist with feedback that analyzes the patient’s rehabiliation exercises throughout the rehabiliation process. 
1.1
Purpose
H.E.A.R.T. was created to increase the retention rate of cardiac rehabilitation by providing the patient with positive reinforcement throughout the rehabiliation process.  The H.E.A.R.T. device and software will correlate data from two sensor technologies, discriminate exercise type, increase patient accountability, and improve communication between the patient and rehabilitation specialist.  The device will provide the patient, rehabilitation specialist, and doctor with feedback reports that analyze the patient’s exercise performance and obtain historical data on the patient’s exercise routine.    
To understand H.E.A.R.T., it is important to comprehend the current cardiac rehabilitation process.  Cardiac rehabilitation is broken into two elements.   The first process is the short-term rehabilitation program.  Cardiac patients go to rehabilitation three days a week to do their rehabilitation exercise routine.  The rehabilitation specialist makes sure the patient does the exercise routine correctly, and the specialist reinforces positive progress.  The short-term rehabilitation program is well-defined.

However during long-term rehabilitation, patients become less interested in participating in their rehabilitation program.  The patient is expected to continue to do rehabilitation exercises without being supervised by a medical professional.  But, majority of patients stop feeling involved with their rehabilitation program and do not do in-home prescribed exercise.
H.E.A.R.T. will decrease long-term rehabilitation issues by adding monitoring features to the rehabilitation process.  The device will work with the provided software to record and correlate data from the patient’s heart rate and movement to display reports on the patient’s exercise performance.  H.E.A.R.T. will also supply historical data on the patient’s exercise routine.   Figure one shows the rehabilitation process with the use of H.E.A.R.T.
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Figure 1:  H.E.A.R.T. Modified Cardiac Patient Rehabilitation Process (SBIR, 2008)
H.E.A.R.T. will be introduced during the short-term rehabilitation process to help the patient feel comfortable with the product.  The rehabilitation specialist will train the patient on how to utilize the device.  The device will become helpful during the long-term rehabilitation process when majority of the exercises will be performed at the patient’s house.  The specialist is not at the patient’s home to monitor the patient’s exercise performance and reinforce positive progress.  
[Space intentionally left blank]
Figure two demonstrates how H.E.A.R.T. works.  When the patient wears the device, H.E.A.R.T. automatically activates and starts to collect information on the patient’s heart rate and movement.  The collected information is stored in the device until the information is downloaded to a computer.  Once the information is downloaded to the patient’s or rehabilitation’s computers, the provided software will correlate data, discriminate exercises, and display reports on the performance of the patient’s exercise routine.  When H.E.A.R.T. is at a stand-still for a given amount of time, the device will automatically turn-off and store current data from the piezoelectric accelerometer and heart rate sensor.  
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Figure 2:  H.E.A.R.T. Process Flow (Lab 1, 2009)
Although H.E.A.R.T. and its developed software will collect and correlate data from the piezoelectric accelerometer and heart rate sensor, discriminate exercise type, and provide rehabilitation specialist and patients with informative reports, H.E.A.R.T. will be non-intrusive to the rehabilitation process and will not replace the diagnoses of medical professionals.  H.E.A.R.T. is a therapeutic cardiac device that can help medical professionals collect information on the progress of their patients.     
H.E.A.R.T. will not stream data on the computer while the patient is performing their exercise routine, and H.E.A.R.T. will not transfer data over the Internet.  Transferring information over the Internet is against the Health Insurance Portability and Accountability Act (HIPAA).  Sensitive medical information cannot be transferred over the Internet without meeting the standards of HIPAA.  Too much information sent to the rehabilitation center can cause procedural issues for the rehabilitation specialist, and takes away from the face-to-face follow-up appointments with the rehabilitation specialist.
Lastly, H.E.A.R.T. will not operate under water, and will not issue alerts if the patient performs exercise routines during dangerous cardiac conditions.  Majority of cardiac patients who are referred to cardiac rehabilitation are not expected to do high intense exercise routines.  The patients are prescribed exercises based on what they are able to perform without jeopardizing their health.  If the patient is unable to perform a given exercise set, the patient is assigned a more suitable set of exercises to perform.

1.2
Scope


HEART Incorporated is developing a prototype that demonstrates the essentials of H.E.A.R.T.  The prototype will prove that it is possible to collect and correlate data from a piezoelectric accelerometer and heart rate sensor to discriminate exercises, give informative reports about the patient’s exercise routine, and prove that H.E.A.R.T. is easy to utilize.  The prototype also illustrates that historical information can be collected and used for the patient’s and the rehabilitation center’s research purposes.  The rehabilitation specialist will be able to search collected exercise data by age, gender, and other desired attributes defined in the rehabilitation’s database.    
The prototype of H.E.A.R.T. utilizes a Wiimote, Bluetooth receiver, PASPORT external fingertip heart rate monitor,  simulation interface, personal computers that will represent the patient’s and rehabilitation’s computers, and two MySQL databases.  The patient’s and rehabilitation’s computers will use data from their databases to develop informative reports.  The prototype will use simplified developed algorithms to merge data from the piezoelectric accelerometer and discriminate a predefined set of exercises.
Figure three is a demonstration process flow of the prototype.  While the user is holding the Wiimote and heart rate monitor, the simulation interface is displaying, collecting, and correlating real-time data from the Wiimote and heart rate monitor.  The simulation interface utilizes simplified algorithms to discriminate the movement and merge data from the piezoelectric accelerometer and heart rate monitor into a file.  The patient holds the Wiimote and clips the heart rate monitor to its finger.  Once the patient clicks the start button, the prototype will begin to record.  The data collected from the heart rate and movement of the patient are digitally preserved and the patient does not have to fill out any paper work.  The generated reports will be comprehensible for the patient and rehabilitation specialist.
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Figure 3:  Prototype Demonstration Process Flow
Table one in section 3.2 is an overview of components that will be used in the prototype compared to the products that are expected to be used in the final product.  The prototype will utilize a Wiimote, a PASPORT External fingertip heart rate monitor, a compatible Wiimote Bluetooth USB receiver, and Old Dominion University computers to illustrate the process of H.E.A.R.T.  The prototype will be able to discriminate a predefined set of exercises.  However, the predefined set of exercises can be scaled to discriminate a large set of exercises recommended by rehabilitation centers.

1.3
Definitions, Acronyms, Abbreviations
Accelerometer:  A reference to the piezoelectric accelerometer used in the H.E.A.R.T. device.

Bluetooth: A protocol used for devices to communicate with each other wirelessly.

Cardiac Patient:  See Cardiac Rehabilitation Patient.

Cardiac Rehabilitation Patient:  An individual who has been diagnosed with cardiac complications and referred to cardiac rehabilitation.

Cardiac Rehabilitation Program: A medically supervised program that assist patients after being diagnosed with cardiac complications.  The program is meant to improve the health of cardiac patients through limited activities.

Customer:  The initial customer of H.E.A.R.T. is cardiac rehabilitation centers.  Customer is also a reference to cardiac rehabilitation centers.

Data:  Collected information from the piezoelectric accelerometer and heart rate sensor.

Database:  The storage utility used to store information about the patient and the patient’s exercise performance.

 (the) Device:  See H.E.A.R.T.

Discrimination Algorithms:  See Exercise Discrimination Algorithms.

ECG (ElectroCardioGram): A visual representation of a heart rate over time.

End-User:  The end user of H.E.A.R.T. is cardiac rehabilitation patients.

Exercises:  See Prescribed Set of Exercises.

Exercise Discrimination Algorithms:  Developed methods that will be used in the software of H.E.A.R.T. to distinguish exercise type.

Exercise Routine:  See Prescribed Set of Exercises.

Exercise Session: A set of exercises that take place within a finite amount of time.

FITT (Frequency Intensity Type Time):  The principle of exercise that recommends: exercising three to five times a week, to reach target heart rate for 20 min each exercise session, to do exercises that work a range of large muscle groups for 30 minutes to an hour per session.

GUI:  An abbreviation for Graphic User Interface.  GUI refers to the displaying of the informative reports for the patient and rehabilitation specialist.  

H.E.A.R.T.:  The Heart Exercise Accelerometer Rehabilitation Tool.  It was created to increase the retention rate of cardiac rehabilitation by helping the patient feel a part of in their rehabilitation program.  H.E.A.R.T. uses sensor technology to monitor the patient’s heart rate and distinguish exercise type.

H.E.A.R.T. Prototype:  a simulated demonstration of how H.E.A.R.T. will collect and correlate data from the piezoelectric accelerometer and heart rate sensor to create informative reports to the cardiac rehabilitation specialist and cardiac patient.   

Heart Rate Monitor:  A reference to the PASPORT external fingertip heart rate monitor.

Historical Data:  Data stored in the database of the rehabilitation and patient’s computer on past exercise performances of the cardiac patient.

Informative Reports:  Reports that are displayed on the computer to the cardiac rehabilitation specialist and cardiac patient.  The reports analyze the exercise performance of the patient.

Long-Term Rehabilitation Process:  A process within the cardiac rehabilitation program where cardiac patients are not supervised during their prescribed exercise routine.  During the long-term rehabilitation process, the patient is expected to do in-home prescribed exercises without being monitored by a rehabilitation specialist.

MET (Metabolic Equivalent Tasks):  A measure of exercise intensity. A MET is the number of calories expended at rest.

MySQL:  A computer language used to develop and manage databases.  MySQL is an abbreviation for My Structure Query Language.  MySQL will be used in the prototype on the rehabilitation’s and patient’s computers to store information on patient’s exercise routine.

Non-Intrusive:  Not intruding on the cardiac rehabilitation program.

PA:  See Piezoelectric Accelerometer.
Patient:  See Cardiac Patient.
PC:  An abbreviation for Personal Computer.  The patient and rehabilitation specialist are expected to have PCs that fit certain requirements.
Piezoelectric Accelerometer:  A sensor that generates signals representing the direction and force applied to the sensor.
Prescribed Set of Exercises:  In-home prescribed exercises given to cardiac patients by the cardiac rehabilitation specialist.  The cardiac patients are expected to do the prescribed set of exercises without the supervision of a rehabilitation specialist.

 (the) Prototype:  See H.E.A.R.T. Prototype.
Real-Time Data:  Data collected immediately.
Rehab:  An acronym for rehabilitation, specifically cardiac rehabilitation services.
Rehabilitation Specialist: A medical professional who assist the cardiac patient with their cardiac rehabilitation process.  The professional monitors cardiac patients during their rehabilitation exercises, and prescribes the cardiac patient in-home rehabilitation exercises during the long-term rehabilitation process.

SBIR:  An abbreviation for Small Business Innovation Research proposal.  HEART Incorporated wrote a SBIR for H.E.A.R.T. during the fall of 2008.  The SBIR included a description of the project, target market analysis, the hardware and staffing budgets, facilities used to develop H.E.A.R.T., and business plans.

Scope:  The overall time, staff, and money constraints on a project.

Short-Term Rehabilitation Process:  The well-defined process of the cardiac rehabilitation program.  During the short-term rehabilitation process, the patient is supervised by the cardiac rehabilitation specialist three days a week while performing their prescribed exercise routine.

Simulation Engine:  See Simulation Interface.

Simulation Interface:  The prototype input and output device which represents the programmable unit in the primary band of H.E.A.R.T.
Simulation Machine:  See Simulation Interface.

USB:  An abbreviation for Universal Serial Bus.  A USB is used to physically connect devices to computers.
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1.5
Overview

The H.E.A.R.T. specification document provides information on the capabilities, features, and configuration of the hardware components and software of H.E.A.R.T.’s prototype.  Due to limitations, the prototype will use a simulation interface, Wiimote, Bluetooth receiver, and PASPORT external fingertip heart rate monitor to simulate the primary band of the real world product.  The prototype will collect real-time data from the Wiimote and heart rate monitor, use simplified algorithms to correlate data and discriminate a predefined set exercise, and display reports on the exercise session.  The prototype will use Old Dominion University computers that include H.E.A.R.T. developed graphical user interfaces.  The graphical user interfaces illustrate the types of reports that are available to the patient and rehabilitation specialist.  
The H.E.A.R.T. prototype will use a custom Wiimote software and DataStudio to capture data from the Wiimote and PASPORT external fingertip heart rate monitor respectively to display the data on the simulation interface.  The simulation interface will use developed algorithms to collect, discriminate, and correlate data from the Wiimote and heart rate monitor to produce exercise reports.  

2
General Description

The prototype of H.E.A.R.T. simulates the features and capabilities of the primary band and a simplified version of the H.E.A.R.T. software.  The purpose of the prototype is to show that H.E.A.R.T. can be developed and is easy to use.  The prototype of H.E.A.R.T. will utilize a simulation interface to show that information from a piezoelectric accelerometer and heart rate sensor can be collected and merged to produce comprehensible reports that analyze movement and the heart rate.  The system is composed of a PASPORT external fingertip heart rate monitor, a Wiimote, a Bluetooth receiver, a simulation interface, a patient computer, a rehabilitation computer, and MySQL databases.  Custom Wiimote software and DataStudio will be installed on the simulation interface to collect and display data from the Wiimote and heart rate monitor.  Proprietary H.E.A.R.T. software will discriminate and merge data from the piezoelectric accelerometer in the Wiimote and heart rate monitor. 
2.1
Prototype Architecture Description 

Figure four shows the structure and major functioning components of the H.E.A.R.T prototype.  The prototype is a simulation of H.E.A.R.T.’s primary band.  The simulation is composed of a Wiimote, compatible Wiimote Bluetooth receiver, PASPORT external fingertip heart rate monitor, three computers (simulation interface, rehabilitation’s computer, and patient’s computer), two MySQL databases (rehabilitation’s database and patient’s database), and two generated informative reports.  
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Figure 4:  Prototype Major Functional Component Diagram (Lab 1, 2009)
The prototype demonstrates how H.E.A.R.T. captures real-time data from the Wiimote and the PASPORT external fingertip heart rate monitor to generate and display comprehensible reports to the patient and rehabilitation specialist.  The prototype will prove that information from the piezoelectric accelerometer and heart sensor can be collected, merged, and used to develop informative feedback.
Table one displays the different hardware components and software the H.E.A.R.T. prototype and the real world product will use to record the patient’s heart rate and movement.  In addition to the features mentioned in Table one, the prototype will utilize custom Wiimote software to collect information from the Wiimote, DataStudio to collect information from the heart rate monitor, and simplified H.E.A.R.T. propriatery software to correlate and discriminate a predefined exercise session. The Wiimote Library, DataStudio, and the H.E.A.R.T. proprietary algorithms will be installed on the simulation interface.
	Features
	Final Product
	Prototype

	Patient Computer
	Any PC with the patient software installed and windows XP or better
	Lecture room PC with windows XP or better and a subset of patient software installed

	Rehabilitation Computer
	Any PC with the rehabilitation software installed and windows XP or better
	Lecture room PC with windows XP or better and subset of rehabilitation software installed

	Customer Support
	On call technicians to aid in installing software, simulating use of H.E.A.R.T., and any other questions pertaining to H.E.A.R.T.
	Customer Support is not simulated

	Hardware
	
	

	Piezoelectric accelerometers
	Advanced 3-5axis accelerometer
	3-axis Wiimote

	Heart Rate Sensor
	Embedded into primary band
	External Fingertip heart rate monitor

	Features
	Final Product
	Prototype

	Programmable Unit
	Proprietary micro-processing circuit board
	Simulation engine (laptop or ODU PC)

	Bluetooth receiver 
	Embedded into primary and secondary band(s)
	USB Bluetooth receiver connected to laptop

	Bluetooth transmitter
	Embedded into secondary band(s) to communicate with primary bands
	Secondary band is not simulated

	Infrastructure 
	All hardware embedded in primary band 
	All hardware connected by a USB and Bluetooth

	Software
	
	

	Exercise discrimination algorithms
	Discriminate type and number of all exercises assigned by rehabilitation centers
	Discriminate number of repetitions of a subset of exercises assigned by rehabilitation centers

	Historical data
	Database of multiple patients’ exercise sessions stored in a proprietary flat file that can be searched based on rehabilitation centers’ needs
	Simulate historical data of patient exercise sessions and rehabilitation data mining through pre-loaded MySQL database on ODU PC

	Import & export functionality
	Data transferred via USB connection 
	Data transferred via Bluetooth and USB

	Patient  
	GUI interface to view prescriptions, upload exercise data, and generate reports 


	Simplified GUI interface that simulates viewing the assigned prescription, exercises completed, and progress made toward completing the prescription

	Rehabilitation 
	GUI interface to modify and view prescriptions, upload patient exercise data, and generate reports
	Simplified GUI interface that simulates modifying and viewing prescriptions and patient progress toward completing the prescription


Table 1:  H.E.A.R.T. Final Product and Prototype Comparison (Lab 1, 2009)

[Space intentionally left blank]
2.2
Functional Description


The major functional components of H.E.A.R.T.’s prototype are the recording and merging data from the piezoelectric accelerometer and heart rate monitor, discriminating and exercise type from the piezoelectric accelerometer, the collecting of historical data on the patient’s exercise performance, and displaying of feedback reports.  The most important aspect of the prototype is the ability to collect, discriminate and merge useful data from the piezoelectric accelerometers and heart rate monitor.  Figure five is a demonstrational diagram of how the prototype will record data from the patient’s movement.  The “X variance” represents variance of the x, y, and z g-forces that are produced by the piezoelectric accelerometers in the Wiimote.  The variance is used to discriminate the exercises being performed by the patient.  If the “X variance” exceeds the time threshold, exercises are recorded by the prototype.  If the “X variance” becomes less than the time threshold, the device goes back to its initial state of waiting to record data from the patient’s movement.    
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Figure 5:  Prototype Exercise Recording Process Flow
While the device is recording data from the Wiimote and heart rate monitor, data is being placed into two raw data files.  The data within the raw data files are used to create a common language format file (CLF).  The CLF contains the timestamps of when each exercise was performed, the name of the exercise perform, the minimum, maximum, and average heart rate, and the exercise session number.  Figure six illustrates how the prototype will integrate information from the Wiimote and PASPORT external fingertip heart rate monitor.  
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Figure 6:  Prototype Sensor Integration Diagram
The patient and rehabilitation specialist will be able to view reports on the prescribed exercises performed by the patient.  The reports will give current and historical exercise performance information on a patient.  Figure seven is an algorithm process flow of the types of reports that can be viewed by the patient and rehabilitation specialist.  The patient and rehabilitation specialist can view reports on the patient’s prescription, exercise session, and patient’s progress over time.  The rehabilitation specialist is able to search their database for the exercise performances of patients with matching chosen characteristics.
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Figure 7:  Prototype Reports Algorithm Process Flow
2.3
External Interfaces


The prototype is a simulation of the primary band of H.E.A.R.T. and will consist of developed and commercial products for the recording, merging, and discrimination of exercise data to create informative reports.  The prototype will utilize hardware, software, user, and communication protocols and interfaces to simulate the primary band.  
The hardware interfaces used by the prototype are the USB Bluetooth receiver for the Wiimote and the USB connector for the PASPORT heart rate monitor.  The software interfaces are the custom Wii software, DataStudio, MySQL, and developed H.E.A.R.T. proprietary software.  The user interfaces are the Wiimote, PASPORT external fingertip heart rate monitor, the two computers provided by Old Dominion University, and the developed graphical user interfaces for the informative reports.  Lastly, the communication protocols and interfaces are the Bluetooth and USB communication devices used in the prototype.
2.3.1
 Hardware Interface


The prototype utilizes a USB for the Wiimote compatible Bluetooth receiver and PASPORT external fingertip heart rate monitor as a representation of the Bluetooth receiver and heart rate sensor within H.E.A.R.T.’s programmable unit.  The Bluetooth receiver is a wireless communication gateway for the piezoelectric accelerometers within the Wiimote.  The USB Bluetooth receiver is set up to receive signals from the Bluetooth transmitter within the Wiimote, and send piezoelectric accelerometer signals to the simulation interface.  The PASPORT external fingertip heart rate monitor will use a provided USB connector to send heart rate information to the simulation interface.
2.3.2
 Software Interface


The software interfaces the prototype uses are custom Wiimote software, DataStudio, MySQL, and developed proprietary software.  The simulation interface will harvest Wiimote software, DataStudio, and the proprietary software.  The custom Wiimote software will be used to monitor and send real-time data from the Wiimote to a data file.  The data file will include a timestamp of each signal detected by the piezoelectric accelerometer within the Wiimote, as well as the x, y, and z g-force of the signal.  

DataStudio will be used to view, record, and analyze real-time data from the PASPORT external fingertip heart rate monitor on the simulation interface.  DataStudio is compatible with any PASPORT probeware.  Probeware refers to the educational hardware and software used to collect, analyze, and graph real-time data (Pasco, n.d.).

The proprietary software will be developed in an object oriented language.  The software will take information from the raw data files of the piezoelectric accelerometer and heart rate monitor to merge the data by timestamps, discriminate exercise type, and the CLF.  The CLF will include the timestamps of the exercise performed, the name of the exercise performed, the minimum, maximum and average heart rate of the exercise, and the session number of the exercise.

The patient’s and rehabilitation’s computer will utilize MySQL to store and manage information about the patient and the patient’s exercise performance.  Heart Incorporated decided to use MySQL for the prototype because it allows the patient and rehabilitation specialist to do a search within the database for desirable information.  MySQL is a free software application that can be utilized on multiple computer platforms.  The software application for the patient and rehabilitation specialist will use MySQL to compare login information of the patient and rehabilitation specialist and search the database for the desired criteria for reports and prescription.

The database for the patient’s computer will only have exercise information for the patient.  The database for the rehabilitation’s computer will be large and will include information about multiple patients and their exercise routines.  The rehabilitation specialist will be able to search the database for exercise performances of their assigned patients.

2.3.3
User Interfaces

The patient interacts with the prototype through the Wiimote, PASPORT external fingertip heart rate monitor, Old Dominion University desktop computers, and developed graphical user interfaces.  The patient will hold the Wiimote to gather information on the patient’s movement.  The patient will clip the heart rate monitor to their finger to gather information on the patient’s heart rate while the patient is performing exercises.
[Space intentionally left blank]
Old Dominion University’s desktops allow the patient and rehabilitation specialist the ability to view the patient’s history and exercise performance analysis.  The graphical user interfaces for the patient and rehabilitation specialist will include an informative page about H.E.A.R.T. and a tutorial page about how to navigate the H.E.A.R.T. software.  The patient can view their prescription and view reports on exercise performances.  Figure eight is the patient’s interface map for the H.E.A.R.T. software.
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Figure 8:  Prototype Patient Interface Map
[Space intentionally left blank]

The rehabilitation specialist will be given a software package with the same features as the patient, but the rehabilitation’s software package will include additional features.  Figure nine displays the rehabilitation specialist’s interface map.  The rehabilitation specialist will be able to choose a patient from their assigned patients to access the patient’s information.  The Prescription Management page allows the rehabilitation specialist to modify and view the patient’s prescription.
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Figure 9:  Prototype Rehabilitation Specialist Interface Map
The patient and rehabilitation specialist will be allowed to view reports on the patient’s prescription, exercise session, and progress.  The rehabilitation specialist will also be able to view a cross patient exercise report, which displays exercise performances of multiple patients based upon the patients’ characteristics.
2.3.4
Communication Protocols and Interfaces


The H.E.A.R.T. prototype utilizes Bluetooth and USB to connect to the simulation interface.  Bluetooth is a protocol that devices use to communicate wirelessly in short distances.  The Wiimote contains a Bluetooth transmitter to communicate with the Bluetooth receiver on the simulation interface.  A USB is used to connect the Bluetooth receiver and PASPORT external fingertip heart rate monitor to the simulation interface.  A USB is used to connect devices to a computer.
3
Specific Requirements

Section three contains the requirements necessary to make the H.E.A.R.T. prototype.  It describes the functional, performance, and nonfunctional requirements in detail.  The non-functional requirements will address specifications for security, maintainability, and reliability.

3.1
Functional Requirements

The functional requirements of the H.E.A.R.T. Prototype describe the behaviors and capabilities of the system. The requirements will be classified by functional area.  Every functional requirement will be a specification for a key characteristic of the H.E.A.R.T. prototype.  The functional requirements include the simulation interface’s specifications to record and integrate sensors, discriminate exercises, and produce useful reports. A specification for the graphical user interface, for the cardiac patient and rehabilitation specialist, is also provided.  A visual algorithm illustrating the GUI layout can be found in appendix 4.4.  

3.1.1
Graphical User Interfaces


The H.E.A.R.T. prototype will include graphical user interfaces (GUIs) that allow the patient and rehabilitation specialist the ability to log into the H.E.A.R.T. software, view the patient’s prescription, and run exercise performance reports.  The rehabilitation specialist’s interface will have the same capabilities as the patient’s with additional features.  The graphical user interfaces share a database to display accessible patient, heart rate, and movement data to the patient and rehabilitation specialist. 
3.1.1.1
Rehabilitation Specialist Interface


The rehabilitation specialist’s interface provides the rehabilitation specialist the ability to manage their assigned patients and the patients’ prescriptions.  The rehabilitation specialist is able to log into the H.E.A.R.T. software and choose the patient they want to manage.  The rehabilitation specialist is also able to display reports on multiple patients based on the Cross Patient Search Form attributes.  The prototype will utilize the database schema in appendix 4.2 for the login process, add new patient process, access patient process, synchronization process, prescription management process, and the viewing of reports process. A visual algorithm illustrating the Rehabilitation Specialist Interface layout can be found in appendix 4.4. 

1.
Login


Must provide a display/screen and functionality to allow a rehabilitation 



specialist to gain access to assigned patients’ information:



Rehabilitation specialist inputs:  username, password

1.
Must not allow unauthorized access

2.
May provide a warning if unauthorized access is attempted

2.
Add New Patient

Must provide a display/screen and functionality to allow a rehabilitation specialist 
to add a new patient to the database


1.
The rehabilitation specialist must put in the following information for the 


patient:

1.
Rehabilitation specialist inputs: last_name, first_name, age, gender, ethnicity, weight, height, rehabilitation specialist

2.
Must synchronize a H.E.A.R.T. device, refer to section 3.1.1.3- Synchronization
3.
Access Patient

Must provide a display/screen and functionality to allow a rehabilitation 
specialist to access a patient from a list of their assigned patients


Rehabilitation specialist inputs:  patient’s first_name, last_name, patient_id


1.
Should not allow a rehabilitation specialist to view patients that the 

rehabilitation specialist is not authorized to view, refer to section

                       3.1.1.1.1- Login

2.
Must allow a properly authentication rehabilitation specialist to view the accessed patient’s information by selecting a patient from a list of assigned patients provided by the login function


3.
May synchronize H.E.A.R.T. device

4.
Prescription Management

Prescription Management allows a rehabilitation specialist to administer changes in the patient’s prescribed exercise regimen.  An assigned patient’s prescription can be viewed by selecting display prescription from the GUI screen.  Modify Prescription allows changes to be made and stored to an assigned patient’s prescription.   

1.
Display Prescription
1.
Must provide a display/screen and functionality to allow a rehabilitation specialist to view a prescription for one of their assigned patients

2.
The GUI displays:  prescription_id, creation_date, prescription_exercise_type, prescription_exercise_count, frequency_a_day


2.
Modify Prescription
1.
Must provide a display/screen and functionality to allow a rehabilitation specialist to modify a prescription for one of their assigned patients

2.
The GUI displays:  prescription_id, creation_date, exercise_prescription_type, exercise_count, frequency_a_day

3.
Rehabilitation specialist can modify and save:  prescription_exercise_type, prescription_exercise_count, frequency_a_day

4.
Must synchronize H.E.A.R.T. device




3.
Add Prescription
1.
Must provide a display/screen and functionality to allow a rehabilitation specialist to add a prescription for one of their assigned patients

2.
Rehabilitation specialist can add: a predefined prescription_exercise_type, prescription_exercise_count, frequency_a_day

3.
Must synchronize H.E.A.R.T. device

5.
Reports

Must provide a display/screen and functionality to allow a rehabilitation 
specialist to view and run reports for a specific patient on the list of their assigned 
patients provided by the login function.  The following reports must be provided:

1.
Session Exercise Report
Session Exercise Report allows the rehabilitation specialist to view grouped exercise performances based on a session.  A session is the duration of time from the initial capture of movement to capture stop in the prototype.  To view a visual algorithm process flow of a Session Exercise Report, view appendix 4.3.  Refer to appendix 4.2 for database schema.

1.
Allow the rehabilitation specialist to view a Session Exercise Report:

1.
Enter a date, refer to section 3.1.2.5.2 for date format

2.
Display all sessions completed for the given date grouped by the session_id from exercise_session_table


2.
Display Session Exercise Report with the following information:

1.
session_id, start_time, and end_time from exercise_session_table 

2.
exercise_type, repetitions, hr_average from exercise_table



3.
Current date and time for the viewing of the Session 



Exercise Report

2.
Prescription Report
Prescription Report allows the rehabilitation specialist to view the exercise performance of the patient compared to the assigned prescribed exercises by the rehabilitation specialist.  The report will give a “Met” or “Not Met” evaluation based upon the following criteria: 

1.
All repetitions for each assigned exercise in the prescription must be completed for a session to be considered complete

2.
The frequency of completed sessions meets or exceeds the number of sessions in the prescription

To view a visual algorithm process flow of a Prescription Report, view appendix 4.3.  Refer to appendix 4.2 for database schema.


1.
Display Prescription Report with the following information:



1.
Creation_date from prescription _table

2.
The current prescription_exercise_type and prescription_exercise_count for each prescribed exercise from prescription_exercise_table

3.
exercise_type and repetitions from exercise_table



3.
An evaluation of “Met” or “Not Met” for each prescription 



4.
Current date and time for the viewing of the Prescription



Report 
3.
Patient Progress Report
Patient Progress Report allows the rehabilitation specialist to view the progress of a patient in meeting prescriptions over an indicated amount of time.  To view a visual algorithm process flow of a Session Exercise Report, view appendix 4.3.  Refer to appendix 4.2 for database schema.

1.
Allow the rehabilitation specialist to:



1.
Enter duration of time over which to compile the report.  

2.
Display Patient Progress Report with the following information:




1.
Creation_date from prescription _table

2.
The prescription_exercise_type and prescription_exercise_count for each prescribed exercise from prescription_exercise_table for each prescription

3.
An evaluation of “Met” or “Not Met” for each prescription 

4.
Current date and time for the viewing of the Patient Progress Report

4.
Cross Patient Exercise Report
Cross Patient Exercise Report allows the rehabilitation specialist to view multiple anonymous patients’ exercise performance, based on the patients’ demographic characteristics.  The rehabilitation specialist will be able to view exercise performances based on the patients’ age range, ethnicity, gender, weight, or height.  To view a visual algorithm process flow of a Cross Patient Exercise Report, view appendix 4.3.  Refer to appendix 4.2 for database schema.

1.
Allow the rehabilitation specialist to fill out a Cross Patient Search Form.  The following fields must be included in the form: exercise type, age range, ethnicity, gender, weight, and height


2.
Submit the Cross Patient Search Form
3.
Cross Patient Exercise Report must be grouped by exercise type and provides the following information for each demographic category:


1.
Percentage of each exercise completed

2.
Average heart rate, average minimum heart rate, and average maximum heart rate must be computed from the data stored in the exercise_table, see appendix 4.4-Database Schema
4.
Cross Patient Exercise Report must provide a summary of the percentage of exercises competed, average heart rate, average minimum heart rate, and average maximum heart rate
5.
Cross Patient Exercise report must be maintained in hardcopy for analysis by medical communities.  
3.1.1.2
Patient Interface


The patient’s interface allows the patient to administer their home exercise regimen as prescribed by their assigned rehabilitation specialist.  The patient interface allows the patient to view their prescription and reports on their exercise performance.  The patient is also given a login screen incase more than one patient within the home is prescribed a H.E.A.R.T. device. The prototype will utilize the database schema in appendix 4.2 for the login process, prescription viewing process, and the viewing of reports process.


1.
Login


Must provide a display/screen and functionality to allow a patient to log into 


the H.E.A.R.T. software to gain access to their exercise information 



The patient inputs:  username, password

1.
Must not allow unauthorized access

2.
May provide a warning if unauthorized access is attempted

3.
Must synchronize H.E.A.R.T. device

2.
Display Prescription

Must provide a screen/display and functionality to allow a patient to view their 
current exercise prescription

The Patient displays:  prescription_id, creation_date, exercise_prescription_type, exercise_count, frequency_a_day from the prescription and prescription exercise table

3.
Reports

Must provide a display/screen and functionality to allow a patient to view and 
run reports on their exercise performance.  The following reports must be 
provided:

1.
Session Exercise Report
Session Exercise Report allows the rehabilitation specialist to view grouped exercise performances based on a session.  A session is the duration of time from the initial capture of movement to capture stop in the prototype.  To view a visual algorithm process flow of a Session Exercise Report, view appendix 4.3.  Refer to appendix 4.2 for database schema and section 3.1.1.1.5.1-Session Exercise Report under Rehabilitation Specialist User Interface for requirements.

2.
Prescription Report
Prescription Report allows the rehabilitation specialist to view the exercise performance of the patient compared to the assigned prescribed exercises by the rehabilitation specialist.  The report will give a “Met” or “Not Met” evaluation based upon the following criteria: 

1.
All repetitions for each assigned exercise in the prescription must be completed for a session to be considered complete

2.
The frequency of completed sessions meets or exceeds the number of sessions in the prescription

To view a visual algorithm process flow of a Prescription Report, view appendix 4.3.  Refer to appendix 4.2 for database schema and section 3.1.1.1.5.2-Prescription Report under Rehabilitation Specialist User Interface for requirements.

3.
Patient Progress Report
Patient Progress Report allows the rehabilitation specialist to view the progress of a patient in meeting prescriptions over an indicated amount of time.  To view a visual algorithm process flow of a Session Exercise Report, view appendix 4.3.  Refer to appendix 4.2 for database schema and section 3.1.1.5.3-Patient Progress Report under Rehabilitation Specialist User Interface for requirements.

3.1.1.3
Synchronization


Synchronization of the device by the graphical user interface to the Heart, Inc. database is required to maintain a consistent database state for both patient and rehabilitation GUIs.  Synchronization will be simulated through the use of a web accessible database provided by Heart Inc.  The patient and rehabilitation GUIs will share access to the Heart, Inc. database for the purposes of the prototype.


1.
Must use MySQL to implement database schemas 

2.
Must use PHP to provide the patient and rehabilitation GUIs’ view of the 
Heart, Inc. database

 
3.
Must provide Heart, Inc. database mirrors to ensure reliability 

3.1.2
Simulation Interface


The simulation interface is similar to the programmable unit within the real world product’s primary band.  The simulation interface is the central computer used for processing the signals from the Wiimote and PASPORT external fingertip heart rate monitor.  Refer to sections 3.1.2.6 and 3.1.2.7 for the respective component set-up.  Wii Libraries, DataStudio, and H.E.A.R.T. proprietary software will be installed on the simulation interface.  The simulation interface and its installed software applications are responsible for recording and correlating real-time data from the Wiimote and heart rate monitor, discriminating exercise, and producing a common language format file.

3.1.2.1
Record Exercises


The Wii Libraries gives the prototype the ability to record unprocessed data from the piezoelectric accelerometer in the Wiimote.  The unprocessed data will be recorded to an ASCII plain text file.

1.
Piezoelectric accelerometer g-force data should be recorded and stored in 
an ASCII plain text file while the piezoelectric accelerometer’s g-forces 
are greater than 0.2 g and less than 0.2 g

2.
Each piezoelectric accelerometer data entry in the ASCII text file must 
contain the following entries:




1.
Timestamp in seconds as an offset since midnight of the current 




day




2.
Timestamp in milliseconds as an offset from the current whole 




second




3.
Recorded g-force data from the x, y, and z axis of the piezoelectric 




accelerometer in the Wiimote



4.
The format for the stored data will be:

ssssssssss,mmm,xxxxxxx,yyyyyyy,zzzzzzz where:

Legend:

s: seconds

m: milliseconds

x: x g-force

y: y g-force

z: z g-force  
3.1.2.2
Record Heart Rate


DataStudio gives the prototype the ability to record unprocessed data from the PASPORT external fingertip heart rate monitor.  However, if there is an alternative method for gathering and writing unprocessed data from the heart rate monitor to store the data in an ASCII plain text file, the method should be utilized.

1.
Must export heart rate data from the PASPORT external fingertip heart rate monitor to an ASCII text file

2.
Each heart rate data entry in the ASCII text file must contain the following entries:




1.
Timestamp in seconds as an offset from midnight of the current 




day




2.
Current heart rate reading in beats per minute at the time of 





recording

3.1.2.3
Discrimination of Exercises


The H.E.A.R.T. software will include algorithms that discriminate a predefined set of exercises.  The algorithms will read the data from the ASCII file of the piezoelectric accelerometer readings and determine what exercise was performed.


1.
Must determine what exercise was executed based on the accelerometer data 


recorded in the ASCII file


2.
Must be able to discriminate exercises based upon g-force from the following list:

1.
Standing Bench Press:  g-force variance on x-axis
2.
Upright Row:  g-force variance on z-axis
3.
Military Press:  g-force variance on y-axis
3.1.2.4
Sensor Data Correlation Process


The correlation process will correlate the data from the ASCII files of the piezoelectric accelerometer and heart rate monitor.  The correlation of the piezoelectric accelerometers and heart rate monitor will be based upon their timestamps.  After the data has been correlated, it will be output to a file.


1.
Must properly determine an average heart rate for every exercise repetition 


executed


2.
Should provide a minimum and maximum heart rate for every exercise 



repetition executed


3.
Must output a file of completed exercises in the form of the Common Language 


format

3.1.2.5
Common Language Format


The common language format is a file that includes the final information that is expected to be stored in the patient’s and rehabilitation’s databases.  Refer to exercise_table in 4.4 for database schema.  The simulation interface will output exercises in a structured format.

1.
All outputted and formatted piezoelectric accelerometer and heart rate data from 


the simulation interface must be in the format of:

exercise_sesion_id:start_time:end_time:exercise_type:hr_min: hr_max:hr_average
Followed by a newline

2.
The timestamps will be in the format of:

YYYYMMDD:hhiiss:mmmmm

Legend:  

YYYY:  four digit representation of a year

MM:  two digit representation of month

DD:  two digit representation of a day

hh:  two digit representation of a hour

ii:  two digit representation of a minute

ss:  two digit representation of a second

mmmmm:  five digit representation of a microsecond 

3.
The heart rates will be averaged numbers with one decimal place of significance

4.
The exercise type will be a string that is a representation of the exercise 
performed by the patient

3.1.2.6
Wiimote


The Wiimote will connect to the simulation interface through a USB Bluetooth receiver, which allows the simulation interface to process data from the piezoelectric accelerometers within the Wiimote.  The USB Bluetooth receiver should be set up to communicate with the Bluetooth transmitter within the Wiimote.  The prototype will use proprietary Heart, Inc. software to gather information from the Wiimote for demonstrational purposes.  The software will be installed on the simulation interface.

3.1.2.7
PASPORT External Fingertip Heart Rate Monitor


The PASPORT external fingertip heart rate monitor is connected to the simulation interface through a USB cord.  The heart rate monitor will utilize DataStudio Software by PASPORT to view, analyze, and collect heart rate data from the patient.  The software will be installed on the simulation interface and will output data to an ASCII plain text file.

3.2
Performance Requirements


Performance requirements are used to evaluate the behaviors and capabilities of the H.E.A.R.T prototype.  Performance requirements will provide specific test conditions to verify different functional requirements.  Heart rate sensor and piezoelectric accelerometer sampling rates and their associated processing time, as well as algorithm accuracy are some of the key performance requirements.
3.2.1
Wiimote 


The Wiimote will be a representation of a piezoelectric accelerometer.  The Wiimote contains a 3-axis piezoelectric accelerometer to precisely measure the patient’s movement.  The data samples from the Wiimote will be collected at a specified reading requirement.

3.2.1.1
Data Sampling


1.
Should provide at least 50 g-force reading samples per second


2.
Must provide accuracy of the g-forces of at least five decimal places

3.2.2
PASPORT External fingertip Heart Rate Monitor


The PASPORT external fingertip heart rate monitor has to collect and display real-time data from the patient’s heart rate.  The PASPORT heart rate monitor will store the sample data in an ASCII plain text file specified reading requirements.

3.2.2.1
Data Sampling


1.
Must provide at least one reported heart beat per minute sample every one second


2.
Should provide at least three reported heart beats per minute sample every three 


seconds

3.2.3
Exercise Discrimination Algorithms


The exercise discrimination algorithms are expected to get data from the ASCII plain text file of the Wiimote and discriminate the movement that was done by the patient.  The algorithms are developed from a predetermined set of exercises that are recommended by cardiac rehabilitation centers.  The algorithms are expected to discriminate movement and speed representing proper form for exercise execution.

3.2.3.1
Accuracy


1.
Should be able to discriminate from given set of exercises at least 95 percent of 


the time

2.
Should be able to identify the number of repetitions at least 95 percent of the time
3.2.3.2
Speed


1.
Must be able to discriminate exercise repetitions completed in the time range of 


proper form (1-2 seconds per exercise repetition).

3.2.4
Sensor Data Correlation


The sensor data correlation algorithms are expected to correlate data from the Wiimote and heart rate monitor based upon timestamps.  The Sensor Data Correlation algorithms are expected to merge information at a specified accuracy and speed.

3.2.4.1
Accuracy


1.
Must correlate heart rate and piezoelectric accelerometer data within 0.5 seconds.

3.2.4.2
Speed


1.
Must be able to correlate 1000 samples in under 10 seconds

3.3
Assumptions and Constraints

       The H.E.A.R.T. product’s complexity requires deviation in the construction of the prototype.  Two challenges are simulating the integration of sensors and the exercise discrimination algorithms.  Sensor integration is complicated by the inability to use a proprietary circuit board and appropriate sensors.  Additional assumptions and constraints have been created about the number of exercises discriminated and how the exercises must be preformed to simplify exercise discrimination algorithms.

       Cost deviations from the real world product have had a considerable impact on features of the device.  Integration and ease of use have been reduced as the original design called for the patient to wear a primary band.  The prototype will require the patient to hold a Wiimote in one hand while connecting the heart rate monitor to their other hand because of the absence of appropriate sensor technology.  Despite the deviations, the prototype will automate the exercise recording process and produce useful feedback.  The device will still provide a net benefit to the patient.

       Time and staff deviations from the real world product have impacted the exercise discrimination algorithms.  Proper form for exercise execution, one to two seconds per exercise repetition, is a requirement for the prototype to ensure a consistent range of sensor data.  The set of allowable exercises has been reduced to allow developers to isolate characteristic vector data for each exercise.  The prototype will demonstrate functionality while allowing developers to continue analyzing exercise data for candidate exercises.  Candidates would be added to the allowable set of exercises after approval by rehabilitation specialists.  The H.E.A.R.T. Prototype Assumptions and Constraints table summarizes the assumptions, constraints, and dependencies of the prototype and the effects on its construction.
	Condition
	Type
	Effect on Requirements

	Algorithms to discriminate exercises from unknown sets of exercises can be developed.
	Assumption
	A known set of exercises has been selected, representative of exercises assigned by rehabilitation specialists, to be discriminated.

	Patient and rehabilitation centers have computer systems with XP or Vista.
	Assumption
	Proprietary H.E.A.R.T. software would be modified to comply with legacy systems.

	Patient will use proper form for exercises.
	Assumption
	Discrimination algorithm complexity is reduced by producing well behaved, less spurious data.

	Integration of a programmable unit and hard-wired sensors are not possible due to cost.
	Constraint
	Simulation interface uses third-party and proprietary software to accomplish integration. 

	Patient and rehabilitation GUI will not be fully developed for the prototype
	Constraint
	Installation of GUI software and log-in administration for rehabilitation specialists will not be demonstrated. 

	Discrimination algorithms can only determine exercises assigned by rehabilitation to a patient via a prescription
	Constraint
	Discrimination algorithms are simplified by providing absolute bounds on the set of exercises to be identified.

	Synchronization of the device cannot be demonstrated without integration to a point of mobility (i.e. ability to move the dev ice easily) 
	Constraint
	Synchronization between the patient and rehabilitation GUI will be simulated.

	PASPORT heart rate sensor and DataStudio will be provided by March 20, 2009
	Dependency
	Heart rate functionality will be simulated if the sensor is not provided.


Table 2:  H.E.A.R.T. Prototype Assumptions and Constraints
3.4
Non-Functional Requirements

 Non-Functional requirements specify the supporting functionality required by the H.E.A.R.T. system.  The reliability and security of the device are important non-functional requirements because the devise will be used in the medical field to rehabilitate heart patients.  The H.E.A.R.T. system is designed as a rehabilitation tool that helps patients and rehabilitation specialists.  Maintainability of allowable exercises and discrimination algorithms allow cardiac specialists and H.E.A.R.T. Inc. to continue to innovate in the field of cardiac rehabilitation.

3.4.1
Security

The Health Insurance Portability and Accountability Act (HIPAA) of 1996 contains the government guidelines regulating the transfer and custody chain of patients’ personal data as it relates to protecting patient privacy.  H.E.A.R.T must provide mechanisms necessary to comply with HIPPA.  The H.E.A.R.T. graphical user interface for rehabilitation specialists will fall under the auspices of HIPAA.   

1. 
Must encrypt patient data on the rehabilitation centers’ databases

2. 
Must provide multi-level authentication to protect patients’ data from 



unauthorized access 

3.
 Must not allow wireless and Internet transmission of patients’ data

3.4.2
Reliability

H.E.A.R.T. must consistently correlate time stamps and discriminate exercises.  The device will be used in cardiac rehabilitation and must provide reliable feedback.  The confidence in the system will reflect the frequency it works correctly for every one hundred exercise repetitions.  If the confidence in the system meets rehabilitation specialists’ needs, the goals of involving patients in exercise and producing confident feedback can be accomplished.

 
1.
Must correlate timestamps to an accuracy of one-half second
 
2.
Must discriminate exercises and repetitions at 95% confidence rate
3.4.3
Maintainability

Rehabilitation specialists will use H.E.A.R.T. to analyze the effectiveness of different exercises across demographic groups of cardiac rehabilitation patients.  H.E.A.R.T. must be able to adapt to the needs of rehabilitation specialists.  Feedback from rehabilitation specialists will allow for the development of optimized exercise discrimination algorithms, additional allowable exercises, and new report generation algorithms.  The cycle of device improvement will allow H.E.A.R.T. Inc. and the medical community to innovate in the field of cardiac rehabilitation.

1.
Must add allowable exercises based on rehabilitation specialists’ needs

2.
Must optimize exercise discrimination algorithms based on rehabilitation 



specialists’ needs

3.
Must add report generation capability to meet rehabilitation specialists’ needs
4
APPENDIX


The appendix contains additional information for the H.E.A.R.T. prototype.  The appendix includes a formal resource request document that HEART Incorporated created to receive hardware components and software needed for the prototype. 

4.1
Formal Resource Request Document

Team: Orange

Project Manager: Ryan Null 

The following resources are required to be purchased for the prototype development and demonstration of the H.E.A.R.T. product:

Hardware Purchase (PASPORT Heart Rate Sensor):

1. Heart Rate Sensor, USB Link for the Prototype.  The DAQ and fingertip heart rate sensor are not working correctly or not giving useful data, therefore, the heart rate sensor with compatible USB link is in need of purchase for the prototype.

a. PASPORT Heart Rate Sensor, Model # = PS-2105

b. Vendor(s): PASCO

c. Quantity: 1

d. Approximate Cost $80 + Shipping

e. Date required ASAP

f. Deliver to: Andrew Cartwright

g. Website: http://store.pasco.com/pascostore/showdetl.cfm?&DID=9&Product_ID=51979

Hardware Purchase (USB Link):

2. Heart Rate Sensor, USB Link for the Prototype.  The DAQ and fingertip heart rate sensor are not working correctly or not giving useful data, therefore, the heart rate sensor with compatible USB link is in need of purchase for the prototype.

a. USB Link, Model # = PS-2100A

b. Vendor(s): PASCO

c. Quantity: 1

d. Approximate Cost: $59 + Shipping

e. Date required: ASAP

f. Deliver to: Andrew Cartwright

g. Website: http://store.pasco.com/pascostore/showdetl.cfm?did=9&partnumber=PS-2100A&detail=1

Software Purchase (Data Studio: Data Collection & Analysis Software):

1. Data Collection & Analysis Software for the Heart rate Sensor and USB link for the prototype.  This software is needed to transfer the collected data from the Heart Rate sensor via the USB Link onto a computer for our use in the algorithms for prototype. A Single User License is required.

a. Data Studio: Data Collection & Analysis Software

b. Vendor(s): PASCO

c. Quantity: 1

d. Approximate Cost: $99 + Shipping

e. Date required: ASAP

f. Deliver to: Andrew Cartwright

g. Website: http://www.pasco.com/featured-products/datastudio/page_5.cfm

TOTAL COSTS FOR HARDWARE AND SOFTWARE = $238

The following University resources are required to support the prototype development and demonstration:

1. Rehabilitation Simulation Laptop. This laptop will be used to demonstrate the feasibility of the rehabilitation specialist to use their computer with the rehabilitation software installed to view patient reports, patient data, administrative management, prescription management, etc.

a. Description/Configuration:  CD drive, 2 USB ports, Windows XP, MySQL database installed

b. Quantity: 1

c. Date required: ASAP

d. Deliver to: CPI lab

2. Patient Simulation Laptop.  This laptop will be used to demonstrate the feasibility of the patient to use their computer with the patient software installed to view their reports, prescription, etc.

a. Description/Configuration:  CD drive, 2 USB ports, Windows XP, MySQL database installed

b. Quantity: 1

c. Date required: ASAP

d. Deliver to: CPI lab

4.2
Prototype Database Schemas
Rehab_specialist

	specialist_id
	Int(11)
	Not null, auto_increment
	Primary

	first_name
	Varchar(20)
	Not null
	

	last_name
	Varchar(20)
	Not null
	

	username
	Varchar(20)
	Not null
	

	password
	Varchar(32)
	Not null
	


Patient

	patient_Id
	Int 10
	Not null, auto_increment
	Primary

	first_name
	Varchar(20)
	Not null
	

	last_name
	Varchar(20)
	Not null
	

	username
	Varchar(20)
	Not null
	

	password
	Varchar(32)
	Not null
	

	age
	Tinyint(4)
	Not null
	

	specialist_id
	Int (11)
	Not null
	Foreign key to specislist_id in the rehab_specialist table

	gender
	Tinyint(4)
	Not null
	

	weight
	Int(11)
	Not null
	

	height
	Int(11)
	Not null
	

	ethnicity
	Varchar(32)
	Not null
	


Exercise_table (single exercise)

	exercise_id
	Bigint(20)
	Not null, Auto_increment
	primary

	exercise_type
	Varchar(20)
	Not null
	

	exercise_start_time
	Daytime
	Not null
	

	exercise_end_time
	Daytime
	Not null
	

	hr_min
	Int(3)
	Not null
	

	hr_max
	Int(3)
	Not null
	

	hr_average
	Decimal(6,2)
	Not null
	

	exercise_session_id
	Int 11
	Not null
	Foreign key to exercise_session_id in the exercise_session_table


Exercise_session_table

	exercise_session_id
	Int(11)
	not null, auto_increment
	Primary

	session_start_time
	Daytime
	Not null
	

	session_end_time
	Daytime
	Not null
	

	patient_id
	Int(11)
	Not null
	Foreign key to patient_id in the patient table


Prescription_table

	prescription_id
	Int(11)
	Not null, auto_increment
	Primary

	creation_date
	Daytime
	Not null
	

	frequency_a_day
	Int(11)
	Not null
	

	patient_id
	Int(11)
	Not null
	Foreign key to patient_id in patient table


Presciption_exercise_table

	prescription_exercise_id
	Int(11)
	Not null, auto_increment
	Primary

	prescription_exercise_type
	Varchar(20)
	Not null
	

	prescription_exercise_count
	Int(11)
	Not null
	

	prescription_id
	Int(11)
	Not null
	Foreign key to prescription_id in prescription_table
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4.3
Prototype Report Algorithm Process Flow
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