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1
OBJECTIVES

The Heart Exercise Accelerometer Rehabiliation Tool (H.E.A.R.T.) is a cardiac theurapuetical device used 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 analyzes the patient’s exercise performance and obtain historical data on the patient’s exercise routine.  The device will come with a mandatory primary band and optional secondary bands.  The secondary bands will communicate with the primary band that has a piezoelectric accelerometer, Bluetooth receiver, and a mini processor.  The secondary bands have a piezoelectric accelerometer and a Bluetooth transmitter.

Heart, Inc. is developing a prototype that demonstrates the functionalities of the primary band of the real world product.  The main components of the prototype are the Heart database, Simulation Interface, and graphical user interfaces (GUIs).  The main objectives of the prototype are to collect, record, discriminate, correlate, and preserve data from the piezoelectric accelerometer and heart rate monitor from the movement of the patient, and provide the patient and rehabilitation specialist with easy to use GUIs that display and analyze the patient’s information and exercise performance.

After the patient performs their prescribed exercises, the collected data from the Wiimote and PASPORT external fingertip heart rate monitor is discriminated and correlated to make a Common Language Format (CLF) file.  The CLF includes the patient’s minimum heart rate, average heart rate, maximum heart rate, exercise type, timestamp of start, and timestamp of stop for each exercise performed.  The data from the CLF is then stored into a MySQL database.  

Stored data within the MySQL database will be accessed by Heart, Inc.’s GUIs.  Heart, Inc. has develop two GUIs, one GUI is for the rehabilitation center, which allows the rehabilitation specialist to access their assigned patients, add a new patient, manage a patient’s prescription, and view reports on the performances of their patients.  The GUI for the patient allows the patient to view their prescription and analytical reports on their exercise performance.

The Test Plan for the H.E.A.R.T. prototype will validate the functionality and performance of the prototype.  The test cases will illustrate the functionality of the database, Simulation Interface, and GUIs.  The test cases for the Simulation Interface include test cases for the discrimination and correlation algorithms.  If the utilized software properly collects, discriminates, and correlates data from the Wiimote and heart rate monitor, the CLF accurately mimics the exercises performed by the patient.  

The test cases for the GUIs are associated with the test cases for the Heart database.  The test cases for the GUI and Heart database will check the authentication process and the functionalities of the patient’s and rehabilitation specialist’s interfaces.  Each test procedure will have an input and an expected output to determine the success of the test case.
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3
TEST PLAN


The test plan will analyze and check the functionality of the H.E.A.R.T. prototype.  The test plan will test each demonstrational aspect of the prototype.  The test plan will include the test schedule of the prototype as well as criteria of how, when, and where the prototype will be tested.  The prototype must meet predefined expectations to be considered a successful prototype.
3.1
Testing Approach
 
The functionality of the H.E.A.R.T. prototype will be verified through test cases developed by Heart, Inc.  The test cases will validate the functionality of the major functional components in figure one.  The H.E.A.R.T. prototype is composed of a Wiimote, compatible Wiimote Bluetooth USB receiver, PASPORT external fingertip heart rate monitor, two computers (Simulation Interface and one computer to display the rehabilitation’s and patient’s GUIs), and a MySQL database.  The prototype will use Wii Libraries, Data Studio, and developed Heart, Inc. software to gather, discriminate, and correlate data from the movement and heart rate of the patient.  For demonstrational purposes, Heart, Inc. will provide a MAC laptop to visually display the g-forces collected from the Wiimote.  
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Figure 1:  Prototype Major Functional Component Diagram (Lab 1, 2009)

The test cases for the prototype do not check each hardware component individually.  The test cases will test multiple subsystems of the H.E.A.R.T. prototype.  Most of the test cases are dependent upon each other.  The test cases will test the functionality of the Heart database, the Simulation Interface, and the GUIs.  

The test cases for the database will ensure that the developed database schema is fitting to hold antiquate information on the rehabilitation specialist, patient, and patient’s exercise routine.  The developed database tables validates user authentication, ensures access control, and provides information on the patient’s exercise performance.  The database will also be tested through the test cases of the GUIs.

The test cases for the Simulation Interface will combine the functionality of the Wiimote, heart rate monitor, discrimination algorithms, and correlation algorithms.  The Simulation Interface is validated through the data within the CLF.  The output of the CLF must correspond with the movement and heart rate of the patient while the patient was performing their prescribed exercises.


The test cases for the GUIs validate the synchronization of the prototype, the login process, prescription viewing and management, and the reports.  The patient’s and rehabilitation’s GUIs share the same functionalities.  However, the rehabilitation specialist is able to access patient information from a list of their assigned patients, modify and add a new exercise prescription, and view an overall report on the progress of all their assigned patients.
3.2
Identification of Tests

The functionality of the H.E.A.R.T. prototype is verified through test cases divided into three categories.  Table one includes the three categories of the test cases and a top level description of the test cases that will be performed in each category.  Each test case includes procedures and an expected result.  

	Cat ID
	Description
	Test Case #
	Description

	1
	Heart database schema and functionality
	1.1
	Verify all fields are created correctly

	
	
	1.2
	Verify database schema supports Common Language Format (CLF) format

	Cat ID
	Description
	Test Case #
	Description

	2
	Graphical User Interface
	2.1
	Verify login success for authorized users, reject unauthorized users, and verify users are granted appropriate access

	
	
	2.2
	Verify synchronization inserts data from the CLF file into the Heart database

	
	
	2.3
	Verify Display Prescription displays the patient’s current prescription

	
	
	2.4
	Verify output from reports is accurate

	
	
	2.5
	Verify a rehabilitation specialist is able to access a patient from the list of their assigned patients

	
	
	2.6
	Verify a rehabilitation specialist is able to display a patient’s prescription, modify a prescription, and add a new prescription

	
	
	2.7
	Verify a new patient has been created

	3
	Simulation Interface
	3.1
	Verify data from the WiiMote and PASPORT Heart Rate Monitor has been recorded

	
	
	3.2
	Verify g-forces from the WiiMote are discriminated by the discrimination algorithms, and the discriminated data is correlated with the PASPORT Heart Rate Monitor data

	
	
	3.3
	Verify Common Language Format (CLF) output


Table 1:  Identification of Tests Table
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3.3
Test Schedule

Heart, Inc. is allowed 45 minutes to demonstrate the functionality of the H.E.A.R.T. prototype.  The first five minutes of the demonstration will be used to set up the prototype, followed by the capturing and displaying of data from the Wiimote and heart rate monitor.  Table two is the test schedule for the prototype and the allowed time for each test element.  Majority of the time will be dedicated to the performance of the patient’s exercise and reports.  The exercise performed by the patient has to be prescribed and correctly performed.  Ten minutes is allocated to the reports because there are four reports to test.

	Start Time (min)
	Duration
	Description
	Test Case #

	0:10
	2
	Capture real-time data
	3.1

	0:12
	3
	Patient enters rehab

· Login

· Add new patient

· Access patient

· Rx management
	2.1, 2.2,

2.4, 2.6,

2.7, 2.8

	0:15
	5
	Patient login and display Rx
	2.1, 2.4

	0:20
	10
	Patient exercises
	3.1, 3.2, 3.3, 3.4

	0:30
	10
	Reports
	1.1, 1.2, 1.3, 2.3, 2.5


Table 2:  Test Schedule Table
3.4
Fault Reporting and Data Recording

  
Heart, Inc. will keep a record of the failures and successes during the testing of the prototype.  The test components for the prototype are the Heart database, Simulation Interface, and GUIs.  A team is assigned to each area of testing to verify that each component is tested and validated.  The success status of each test case will be documented though a text file or a hardcopy script.  Table three describes the test components and the recording process of each component’s success status.
	Component
	How/Process of Recording

	GUI
	· Report failures through visual inspection of GUI screens

· Document through hardcopy forms

	Heart Database
	· Report failure through visual inspection of returned SQL

· Document through hardcopy forms

	Simulation Interface
	· Report failure through PHP script

· Document through text file output


Table 3:  Fault Reporting and Data Recording Table
3.5
Resource Requirements


The resources required to develop the H.E.A.R.T. prototype are a Wiimote, PASPORT external fingertip heart rate monitor, Wiimote compatible Bluetooth USB receiver, two PCs provided by Old Dominion University, and a MySQL database.  A MAC laptop will be provided by Heart, Inc. for demonstrational purposes.  The MAC will include a MAC software application called DarwiinRemote to graphically display the g-forces recorded from the Wiimote on a graph.  The graphical interpretation of the g-forces will help explain the algorithm used to discriminate a prescribed exercise.


The PCs will represent the Simulation Interface and GUIs for the patient and rehabilitation center.  The computers must include at least two USB ports, a network connection, and an Internet browser.  The Simulation Interface must include Wii Libraries and Data Studio to collect data from the Wiimote and heart rate monitor respectively.  The Simulation Interface must include the Heart Software to discriminate and correlate data from the Wiimote and heart rate monitor.  

Synchronization of the prototype’s data will be demonstrated through the use of a network connection and a shared MySQL database.  The GUIs will access the shared database to show information about the patient’s exercise routine.  The MySQL database is pre-populated with patient information and exercise data to display reports that require data from multiple patients or exercise routines for duration of time.        

3.6
Test Environment

The H.E.A.R.T. prototype will be tested and demonstrated in the conference room located at Old Dominion University in the Engineering and Computer Science building, room 3316.  Figure two is an overhead layout of the conference room.  The required components during the demonstration of the prototype are a Wiimote, a compatible Wiimote Bluetooth USB receiver, a PASPORT external fingertip heart rate monitor, two Old Dominion University computers, a MySQL database, and a MAC laptop.  Multiple displays will be utilized to fully demonstrate the capabilities of the H.E.A.R.T. prototype.
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Figure 2:  ECS Conference Room Layout (Triton, 2008)
 
The Simulation Interface and MAC laptop will be positioned close to a TV monitor for connection purposes.  The GUIs will be accessed through an Old Dominion University laptop.  The Simulation Interface will be positioned near laptop one in Figure two, the MAC will be connected to TV one, and the GUIs will be accessed through laptop two and connected to TV two.  The Simulation Interface will display the CLF, and the MAC will display a graphical interpretation of the collected g-forces from the Wiimote.  A Wiimote will be connected to the Simulation Interface and MAC.  During the demonstration, a team member is expected to display real-time data being collected from the Wiimote, operate Data Studio for the collection of heart rate data, and demonstrate the patient’s and rehabilitation’s GUIs.
3.7
Test Responsibilities


The testing and demonstration of the H.E.A.R.T. prototype will be divided among Heart, Inc.  Each team member is expected to have a responsibility.  Table four describes the responsibilities of each team member during the demonstration of the H.E.A.R.T. prototype.  David Norris will be the primary presenter and patient.  David will demonstrate the process of a cardiac patient and the functionality of the prototype.  Spencer Garland will illustrate the collecting of real-time data to display a graphical interpretation of the g-forces from the Wiimote.  Andrew Cartwright will be responsible for operating Data Studio to record the heart rate of the patient on the Simulation Interface.  Ryan Null will operate the functionality of the Simulation Interface, and Nicole Jackson will demonstrate the rehabilitation GUI.  

	Team Member
	Responsibilities

	Andrew Cartwright
	Data Studio and HRS (Simulation Interface)

	Spencer Garland
	Real-time Wiimote/Darwiin (MAC)

	Nicole Jackson
	Rehab Professional (GUI)

	David Norris
	Presenter and Patient

	Ryan Null
	Simulation Interface


Table 4:  Test Responsibilities Table
4
TEST PROCEDURES

Test procedures have been established to ensure the required functionality of the H.E.A.R.T. prototype.  Test categories have been established to represent the three major subsystems of the prototype.  The Heart database, GUI, and simulation engine are the major subsystems of the H.E.A.R.T. prototype to be tested.

4.1
 H.E.A.R.T. Prototype Database Schema and Functionality


Test category one verifies the functionality of the Heart, Inc., database.  Test cases to verify database design and schema implementation are described. Tests to ensure required database functionality to insert exercise data and run reports are also defined.


	Test Category ID: 1
	Description: Heart database schema and functionality

	Test Case: 1.1
	Purpose: Verify all fields are created correctly

	
	Setup Conditions: MySQL installed and database tables created

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Run queries to display database tables’ structure 
	
	
	All fields are displayed

	2
	Visually verify all required fields are created correctly
	
	
	Database fields displayed will match database schemas.


	Test Category ID: 1
	Description: Heart database schema and functionality

	Test Case: 1.2
	Purpose: Verify database schema supports Common Language Format (CLF) format

	
	Setup Conditions: Test case 1.1 passed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Run query to insert CLF data from local file to database
	
	
	All appropriate database fields will be populated

	2
	Run query to display inserted CLF data and visually verify results
	
	
	All appropriate database fields will display the inserted CLF data


Table 5:  H.E.A.R.T. Prototype Database Schema and Functionality
4.2
H.E.A.R.T. Prototype GUI


Test category two verifies the required functionality of the H.E.A.R.T. prototype GUI.  Tests have been designed to verify access control, synchronization of exercise data, and functionality requirements.  Test cases will ensure the patient and rehabilitation GUIs provide the appropriate menu screens and options.
	Test Category ID: 2
	Description: Graphical User Interface:  Login

	Test Case: 2.1
	Purpose: Verify login success for authorized users, reject unauthorized users, and verify users are granted appropriate access

	
	Setup Conditions: MySQL installed, database tables created, and tables are properly populated

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Input invalid username and/or password to the GUI hosted at www.cs410.com/heart/app
	
	
	An error message is displayed and access is not granted 

	2
	Input valid patient username and password to the GUI hosted at www.cs410.com/heart/app
	
	
	Granted access to the patient’s exercise information.  The patient can view Display Prescription and Reports

	3
	Input valid rehabilitation specialist username and password to the GUI hosted at www.cs410.com/heart/app
	
	
	Granted access to their list of assigned patients.  The rehabilitation specialist is able to view Prescription Management, Reports, and Add New Patient  
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	Test Category ID: 2
	Description: Graphical User Interface:  Synchronization

	Test Case: 2.2
	Purpose: Verify synchronization inserts data from the CLF file into the Heart database

	
	Setup Conditions: MySQL installed, database schema is enforced, and GUI operates appropriately

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	On the synchronization interface, click Synchronization button
	
	
	Data created since the last synchronization within the CLF file is added to the Heart database

	2
	Run query to display inserted CLF data and visually verify results
	
	
	All CLF data will be appropriately parsed, inserted, and displayed in their associated database fields


	Test Category ID: 2
	Description: Graphical User Interface:  Display Prescription

	Test Case: 2.3
	Purpose: Verify Display Prescription displays the patient’s current prescription

	
	Setup Conditions: MySQL installed, database schema is enforced, and GUI operates appropriately

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Navigate to and click Display Prescription from the Main Interface
	
	
	Display the prescription of the patient selected from the Access Patient tab from the GUI.  See test case 2.5 for Access Patient
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	Test Category ID: 2
	Description: Graphical User Interface:  Reports

	Test Case: 2.4
	Purpose: Verify output from reports is accurate

	
	Setup Conditions: MySQL installed, database schema is enforced, and GUI operates appropriately

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Navigate to and click Reports from the Main Interface
	
	
	Display report options based on access control

	2
	Navigate to and click Session Exercise Report from the Reports Interface
	
	
	Display the patient’s exercise activity and heart rate data for each exercise session

	3
	Navigate to and click Prescription Report from the Reports Interface
	
	
	Display and compares the patient’s exercise activity to the current prescription

	4
	Navigate to and click Patient Progress Report from the Reports Interface
	
	
	Display interface to enter a duration of time

	4.1
	Click the Submit button
	
	
	Displays the prescription and whether it was met over the entered duration of time

	5
	Navigate to and click Cross Patient Exercise from the Reports Interface

(For Rehabilitation Specialist only)
	
	
	Display Cross Patient Search Form

	5.1
	Input appropriate information for the Cross Patient Search Form and click the Submit button
	
	
	Display a summary of the percentage of exercise completed, average heart rate, average minimum heart rate, and average maximum heart rate
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	Test Category ID: 2
	Description: Graphical User Interface:  Access Patient

	Test Case: 2.5
	Purpose: Verify a rehabilitation specialist is able to access a patient from the list of their assigned patients

	
	Setup Conditions: Test case 2.1 passed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Click Access Patient tab from rehabilitation GUI
	
	
	A list of their assigned patients is displayed. 

	2
	Select a patient from a list of their assigned patients
	
	
	Display Main interface with access granted to the selected patient’s information


	Test Category ID: 2
	Description: Graphical User Interface:  Prescription Management

	Test Case: 2.6
	Purpose: Verify a rehabilitation specialist is able to display a patient’s prescription, modify a prescription, and add a new prescription

	
	Setup Conditions: Test case 2.5 passed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Navigate to and click Prescription Management from the Main Interface
	
	
	Display current prescription, Modify Prescription button, and Add New Prescription button

	2
	Navigate to and click Modify Prescription button from the Prescription Management Interface
	
	
	Display the current prescription with input fields to modify the prescription

	3
	Navigate to and click Add New Prescription button from the Prescription Management Interface
	
	
	Display Add New Prescription Form

	3.1
	Enter the required fields in the Add New Prescription Form and click the Synchronization button
	
	
	The new prescription data is inserted into the Heart database


[Space Intentionally Left Blank]
	Test Category ID: 2
	Description: Graphical User Interface:  Add New Patient

	Test Case: 2.7
	Purpose: Verify a new patient has been created

	
	Setup Conditions: Test case 2.1 passed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Navigate to and click Add New Patient button from the Access Patient Interface
	
	
	Display the Add New Patient Form

	2
	Enter the required fields in the Add New Patient Form and click the Submit button
	
	
	The new patient data is inserted into the Heart database


Table 6:  H.E.A.R.T. Prototype GUI
4.3
 H.E.A.R.T. Prototype Simulation Interface


Test category three verifies the required functionality of the Simulation Interface.  The simulation interface is responsible for four functional components.  It will record raw data from the sensors, correlate and discriminate data, and produce output in the form of the common language format.
	Test Category ID: 3
	Description: Simulation Interface

	Test Case: 3.1
	Purpose: Verify data from the WiiMote and PASPORT Heart Rate Monitor has been recorded

	
	Setup Conditions: WiiMote Libraries and PASPORT Data Studio is installed on the Simulation Interface  

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Perform prescribed exercise(s) with WiiMote and PASPORT Heart Rate Monitor
	
	
	WiiMote and PASPORT Heart Rate Monitor data are inserted into separate ASCII files


	Test Category ID: 3
	Description: Simulation Interface

	Test Case: 3.2
	Purpose: Verify g-forces from the WiiMote are discriminated by the discrimination algorithms, and the discriminated data is correlated with the PASPORT Heart Rate Monitor data

	
	Setup Conditions: Test case 3.1 passed and Heart, Inc Software installed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Run Heart, Inc Correlation Software with the WiiMote and PASPORT Heart Rate Monitor ASCII files
	
	
	Discriminated and correlated data from the WiiMote and PASPORT Heart Rate Monitor are inserted into a CLF file

	Test Category ID: 3
	Description: Simulation Interface

	Test Case: 3.3
	Purpose: Verify Common Language Format (CLF) output

	
	Setup Conditions: Test case 3.2 passed

	Test Case Activity
	Pass/Fail
	Comments
	Expected Result

	1
	Visually verify the discriminated exercise data and heart rate data are correlated
	
	
	The data within the CLF are in this format:

exercise_sesion_id:start_time:

end_time: exercise_type: hr_min: hr_max:hr_average




Table 7:  H.E.A.R.T. Prototype Simulation Interface
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5
Traceability to Specific Requirements

The traceability matrix shows the relationship between a prototype component and the specific requirements.  It also shows the relationship between the specific requirements for a given component and the associated test cases established in the test plan.  The role of the traceability matrix is to organize testing into a visualization of all prototype components, specifications, and test cases to allow verification of completeness and to plan testing.  Test cases are verifiable and assignable to allow scheduling of testing through a division of labor.  The H.E.A.R.T. Traceability Matrix illustrates the relationships between the H.E.A.R.T. test plan and the specific functional requirements of the prototype.
	 Requirements
	Test Cases

	Component
	Req ID
	1.1
	1.2
	2.1
	2.2
	2.3
	2.4
	2.5
	2.6
	2.7
	3.1
	3.2
	3.3

	Rehabilitation Specialist Interface 
	3.1.1.1
	X


	X
	X
	
	X
	X
	X
	X
	X
	
	
	

	Login
	3.1.1.1.1
	X
	
	X
	
	
	
	
	
	
	
	
	

	Add New Patient
	3.1.1.1.2
	X
	
	
	
	
	
	
	
	X
	
	
	

	Access Patient
	3.1.1.1.3
	X
	
	
	
	
	
	X
	
	
	
	
	

	Prescription Management
	3.1.1.1.4
	
	
	
	
	X
	
	
	X
	
	
	
	

	Reports
	3.1.1.1.5
	
	X
	
	
	
	X
	
	
	
	
	
	

	Patient Interface
	3.1.1.2
	X
	X
	X
	
	X
	X
	
	
	
	
	
	

	Login
	3.1.1.2.1
	X
	
	X
	
	
	
	
	
	
	
	
	

	Display Prescription
	3.1.1.2.2
	
	
	
	
	X
	
	
	
	
	
	
	

	Reports
	3.1.1.2.3
	
	X
	
	
	
	X
	
	
	
	
	
	

	Synchronization 
	3.1.1.3
	
	
	
	X
	
	
	
	
	
	
	
	

	Record Exercises
	3.1.2.1
	
	
	
	
	
	
	
	
	
	X
	
	

	Record Heart Rate
	3.1.2.2
	
	
	
	
	
	
	
	
	
	X
	
	

	Discrimination of Exercises
	3.1.2.3
	
	
	
	
	
	
	
	
	
	
	X
	

	Sensor Data Correlation Process
	3.1.2.4
	
	
	
	
	
	
	
	
	
	
	X
	

	Common Language Format
	3.1.2.5
	
	
	
	
	
	
	
	
	
	
	
	X

	Wii Remote
	3.1.2.6
	
	
	
	
	
	
	
	
	
	X
	
	

	Component
	Req ID
	1.1
	1.2
	2.1
	2.2
	2.3
	2.4
	2.5
	2.6
	2.7
	3.1
	3.2
	3.3

	PASPORT Heart Rate Sensor
	3.1.2.7
	
	
	
	
	
	
	
	
	
	X
	
	


Table 8:  Prototype Traceability Matrix
