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.

3.1.1
Graphical User Interfaces


The H.E.A.R.T. prototype will include graphical user interfaces (GUIs) that allows the patient and rehabilitation specialist the ability to log into the H.E.A.R.T. software, view the patient’s prescription, and exercise performance reports.  The rehabilitation specialist’s interface will have the same capabilities as the patient with additional features.
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 patients’ attributes.  The prototype will utilize the database schema in appendix _____ for the login process, the patient selecting process, prescription viewing, and the displaying of selected reports.

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
3.
Access Patient

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


2.
Must allow a properly authentication rehabilitation specialist to view 


the accessed patient’s information
4.
Prescription Management

1.
Display Prescription
Must provide a display/screen and functionality to allow a rehabilitation 

specialist to view a prescription for a specific patient of assigned patients
The GUI displays:  prescription_id, creation_date, exercise_prescription_type, exercise_count, frequency_a_day

2.
Modify Prescription
Must provide a display/screen and functionality to allow a rehabilitation specialist to modify a prescription for a selected patient of assigned patients
The GUI displays:  prescription_id, creation_date, exercise_prescription_type, exercise_count, frequency_a_day

Rehabilitation specialist can modify:  exercise_precription_type, exercise_count, frequency_a_day


3.
Add Prescription
Must provide a display/screen and functionality to allow a rehabilitation specialist to add a prescription for a selected patient of assigned patients
Rehabilitation specialist can add:  predefined exercise_type, exercise_count, frequency_a_day

5.
Reports

Must provide a display/screen and functionality to allow a rehabilitation 
specialist to view and run reports for a specific patient on their assigned list of 
patients.  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 ____.  Refer to appendix ____ for database schema.

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

1.
Select a session to view based on the session id, session_start_time, and session_end_time from the exercise_session_table

2.
View all sessions based on the date


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 ____.  Refer to appendix ____ 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 ____.  Refer to appendix ____ 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 their demographic characteristics.  The rehabilitation specialist will be able to view patients’ exercise performance based on their age, ethnicity, gender, weight, or height.  To view a visual algorithm process flow of a Cross Patient Exercise Report, view appendix ____.  Refer to appendix ____ for database schema.

1.
Allow the rehabilitation specialist to:

1.
Select one or more fields from the patient database query form.  The fields to search from are age, ethnicity, gender, weight, and height
2.
Display Cross Patient Exercise Report with the following information for 
the chosen characteristics:



1.
For fields ethnicity and gender, group requirement 2 information 


by field values.  For field age, organize age values into appropriate 


age ranges. Group requirement 2 information by values from age 


field into the age range


2.
Sub-group exercise_type for each patient who matches the chosen 


field 


3.
Sum repetitions of exercise_type for each patient who matches the 


chosen field


4.
Sub-group exercise_prescription_type for each patient who 



matches the chosen field

5.
Sum prescription_exercise_count of matching exercise_prescription_type for each patient who matches the chosen field


6.
Current date and time for the viewing of the Cross Patient Exercise 

Report
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. 

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
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

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
2.
Prescription Report

3.
Progress Report
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.  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.
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 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
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 data from the PASPORT external fingertip heart rate monitor to an 


ASCII text file


2.
Each 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 from the following list:

1.
Standing Bench Press

2.
Upright Row

3.
Bicep Curl
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.  The simulation interface will output exercises in a structured format.

1.
All outputted and formatted data from the simulation interface must be in the 


format of:

ExerciseSesionID:TimestampSTART:TimestampFINISH:ExerciseType:HeartRateMIN: HeartRateMAX:HeartRateAVERAGE
Followed by a newline
2.
The timestamps will be in the format of:

YYMMDD:hhiiss:mmsss
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.  The USB Bluetooth receiver should be set up to communicate with the Bluetooth transmitter within the Wiimote.  The prototype will use customized Wiimote 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.  The heart rate monitor allows the heart rate of the patient to be viewed and collected.  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 a standardized file that can be correlated by H.E.A.R.T.’s developed software.
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 be verified for different functional requirements.  Hardware sampling rates, data processing time, and 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 more 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 exercise 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.

	Optimized file storage format can be developed.
	Assumption
	Memory would be added to the device or an alert for memory full would be added.

	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.

	H.E.A.R.T. system will be able to place and correlate timestamps on sensors.
	Assumption
	Simulation interface uses the operating system functionality to assign time stamps and  H.E.A.R.T. software to correlate time stamps..

	Integration of a programmable unit and hard-wired sensors can be accomplished.
	Constraint
	Simulation interface uses third-party and proprietary software to accomplish integration. 

	Patient may only do exercises prescribed by their rehabilitation specialist.
	Constraint
	Discrimination algorithms are simplified by providing absolute bounds on the set of exercises to be identified.

	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 1: 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

