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1
Introduction

Heart failure is a condition in which the heart weakens.  Heart failure does not mean that the heart has stopped working or is about to stop working.  The heart is not pumping enough blood throughout the body.  During heart failure, the body holds on to more salt and water, the heart beats faster, the heart may enlarge, and the inside of the lungs will swell.  Overtime the heart will become worn down and heart complications develop (What Is Heart Failure, 2004 October).  People who experience severe cardiac complications are referred to cardiac rehabilitation to increase their quality of life as much as possible by decreasing cardiac symptoms and complications, increasing blood flow throughout the body, and encouraging self-management.
 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, who is ranked as the 14th best hospital for heart and heart surgery in the United States, 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 researcher team from Concord Clinical School, which concluded if patients felt actively apart of the rehabilitation program and knew the benefits from participating in the exercise regime, the patient is more likely to stay in the rehabilitation program (Seega, 2007).  To increase the retention rate of cardiac rehabilitation, cardiac patients must feel involved with the rehabilitation program through positive reinforcement of their prescribed exercise regime, the patient must feel the program is benefiticial to their recovery, and the patient must feel that the rehabilitation specialist is there to help.  

The Heart Exercise Accelerometer Rehabilitation Tool (H.E.A.R.T.) was created to increase the retention rate of cardiac rehabilitation.  H.E.A.R.T. provides monitoring features to the patient’s exercise routine outside of the supervision of the rehabilitation specialist, and H.E.A.R.T. supplies the patient, rehabilitation specialist, and doctor with feedback that analyzes the patient’s exercise performance.  H.E.A.R.T. uses sensor technology and developed software to monitor the patient’s heart rate and distinguish exercise type.  H.E.A.R.T. will be non-intrusive to the rehabilitation program and will provide historical data on the patient’s exercise performance.  
2
H.E.A.R.T. Product Description
The goal of H.E.A.R.T. is to increase the retention rate of cardiac rehabilitation.  The H.E.A.R.T. device and software will correlate data from two sensor technologies, discriminate exercise type, increase patient accountability, and provide historical data and informative reports on the patient’s exercise.  By presenting the patient with informative feedback, H.E.A.R.T. will help the patient feel involved in their rehabilitation program, which will enhance their quality of life.  The patient will benefit from the exercise regimes recommended by the rehabilitation specialist.  H.E.A.R.T. is not meant to replace medical professionals and their diagnoses.  H.E.A.R.T. is a tool used to provide patients and medical professionals with chronological information on the cardiac patient’s exercise routine.
2.1
Key Product Features and Capabilities

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.  The first half of figure one shows the current short-term rehabilitation process.  The cardiac patient goes to rehabilitation three days a week and does their monitored 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.
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However the second half of figure one is a cloud, which represents the long-term rehabilitation process.  Patients become less interested in participating in their rehabilitation program.  The patient is expected to continue to do their rehabilitation exercises without being supervised by a medical professional.  But majority of patients stop feeling involved with their rehabilitation program and do not do their in-home prescribed exercise.  Plus there is not recorded data to show that the patient is being accountable for their recommended prescribed exercise routine. 

H.E.A.R.T. will decrease long-term rehabilitation issues by adding monitoring features to the long-term rehabilitation process through the use of a device worn by the rehabilitation patient.  The device will work with the provided software to record the patient’s heart rate and distinguish the type of exercises that were executed by the patient.  H.E.A.R.T. will supply current and historical reports to the rehabilitation specialist on the patient’s exercise performance, and the reports will be informative and comprehensible at each visit.    
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 H.E.A.R.T.  The device will become helpful during the long-term rehabilitation process when the specialist is not around 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.  H.E.A.R.T. is a user-friendly device.  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 rehabilitation’s computer or the patient’s computer, the provided software will discriminate the 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 certain amount of time, the device will automatically turn-off.  The patient and rehabilitation specialist will be given reports that analyze the patient’s exercise routine and there will be historical data stored in the patient’s computer and rehabilitation’s computer on patient’s exercise regimes.  But the rehabilitation will gain overall historical data on all of their patients’ exercise routines. 
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2.2
Major Components (Hardware/Software)

Figure three shows the major functioning components of H.E.A.R.T.  In the primary band H.E.A.R.T. uses a piezoelectric accelerometer, heart rate sensor, programming unit, and a Bluetooth receiver.  The primary band will be worn on the patient’s wrist.  The patient has the option of using additional secondary bands that contain a piezoelectric accelerometer and a Bluetooth transmitter.  The secondary bands can be used on other parts of the body recommended by the rehabilitation specialist.  
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The piezoelectric accelerometer will be used to measure the movement of the patient.  The accelerometer uses Newton’s Law of Motion (Force=Mass * Acceleration) to calculate movement.  When movement occurs, the accelerometer releases an electric signal that is proportional to the force that is applied to the accelerometer.  
The piezoelectric accelerometers in the primary and secondary bands behave alike; however, data is collected from the accelerometers differently.  When the patient moves the primary band, an electric signal from the primary band’s accelerometer is directly sent to the programming unit.  When movement occurs with a secondary band, the piezoelectric accelerometer will send an electric signal to the Bluetooth receiver from a Bluetooth transmitter.  The Bluetooth transmitter is located in the secondary band, and the Bluetooth receiver is located in the primary band.
In the primary band, the programming unit has a storage unit that stores unprocessed data from the heart rate sensor and the piezoelectric accelerometer.  The storage unit can store at least one gigabyte of information.  The collected information in the programming unit will be given a timestamp of when the information was stored.  The data can be downloaded to the patient’s and rehabilitation’s computer with the provided Universal Serial Bus (USB) connector.  The primary band will utilize a lithium battery as a power source and will be charged through a USB.  

H.E.A.R.T. will have two software packages for the patient’s computer and the rehabilitation’s computer.  The algorithms of the software packages will be able to distinguish exercise type and associate exercise type with the correct heart rate sensor data based on the assigned timestamp from the programming unit of H.E.A.R.T.  The software supplies informative reports based upon the patient’s exercise routine.  The software utilizes downloaded data from the H.E.A.R.T. device to generate appropriate reports to the patient and rehabilitation specialist.  The reports are generated from flat files stored on the patient’s computer and rehabilitation’s computer.

2.3
Target Market/Customer Base
The initial target market will be cardiac rehabilitation centers because they are looking for innovative ways to persuade cardiac patients to commit to the long-term rehabilitation process.  Currently, there are more than twelve thousand rehabilitation facilities in the United States.  Rehabilitation facilities bring in millions of dollars in annual revenue, depending on the size of the rehabilitation facility (Gautam, n.d).  Due to the average annual revenue of rehabilitation centers and the number of rehabilitation centers in the United States, rehabilitation centers have the funds to purchase H.E.A.R.T. to help extend the lives of their cardiac patients.  

More than half of patients that are referred to cardiac rehabilitation do not commit to long-term rehabilitation, which is why 79 percent of cardiac patients who do not commit to long-term rehabilitation will die prematurely (Mini ECG, 2008).  Jose A. Suaya, a Scientist at the Schneider Institutes for Health Policy, says “We need to find ways to increase the use of cardiac rehabilitation, because it is used very little by patients who could benefit a lot” (American Heart Association, 2007).  H.E.A.R.T.’s goal is to increase the retention rate of cardiac rehabilitation by increasing patient involvement.  
Figure four is a competition matrix of devices that are currently available for consumers to use to monitor their health.  None of the devices mentioned in the competition matrix match the capabilities of H.E.A.R.T.  It combines mobilty and cost effectiveness with the capablilities of the cardiac rehabilitation program.  H.E.A.R.T. will initially be sold to the rehabilitation centers, who will then offer the product to their cardiac patients.


[Space intentionally left blank]

The end user of H.E.A.R.T. is cardiac patients.  Figure five is a survey HEART Incorporated conducted on the need of a rehabilitation tool for cardiac patients.  One of the questions in the survey asked if “patients are willing to try new technologies during rehabilitation exercises,” and the question scored a nine, which indicates a yes.  H.E.A.R.T. could be the new technology medical professions are looking for to keep patients involved with the rehabilitation program.
To help with the cost of H.E.A.R.T., HEART Incorporated will inform insurance companies on the benefits of accepting H.E.A.R.T. as a medical claim.  The cost of H.E.A.R.T. will be in the lower to mid-hundreds.  However, cardiac complications care costs the United States and insurance companies billions of dollars year (American Heart Association, 2007).  H.E.A.R.T. has the potential to decrease the cost of cardiac complications by convincing cardiac patients to stay in their cardiac rehabilitation program, which will improve their health and decrease the cost of insuring cardiac patients.
3
H.E.A.R.T. Product Prototype Description
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 heart rate.  The system is composed of an external fingertip heart rate monitor, a data acquisition device (DAQ), a Wii Remote, a Bluetooth Receiver, a Simulation Interface, a patient computer, and a rehabilitation computer.  The Simulation Interface will capture real-time data from the piezoelectric accelerometer and external fingertip heart rate monitor.  Data from the piezoelectric accelerometer and external fingertip heart rate monitor uses a Bluetooth receiver and a DAQ respectively to send data to the Simulation Interface.  The system will provide simplified reports on the patient’s and rehabilitation’s computer that analyze movements.
However, the capabilities of the system have been reduced.  The prototype will only demonstrate how the primary band works, and the system will use limited and simplified algorithms to show how to gather and correlate data from a predefined set of exercises.  The prototype will not fully integrate the piezoelectric accelerometer and heart rate sensor into a wristband for the patient to wear during their exercise routine.    
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3.1
Prototype Functional Goals and Objectives
The goal of the prototype is to demonstrate that the innovative aspects and major components of H.E.A.R.T. are feasible and easy to use.  The prototype will show it is possible to integrate data from a piezoelectric accelerometer and a heart rate sensor to give helpful and informative feedback to the patient and rehabilitation patient.  The data from the piezoelectric accelerometer will be used to discriminate exercise type, which is the innovative aspect of H.E.A.R.T.  After the data from the piezoelectric accelerometer and heart rate sensor has been collected and correlated, the data is used to produce useful and informative reports on the patient’s exercise performance.  The patient just has to wear H.E.A.R.T., and the device will start storing the necessary information.

Due to limitations, the prototype will not be utilizing the same hardware and software as the real world product.  Table one illustrates hardware and software differences between the final product and the prototype.  The prototype will utilize a Wii Remote, an External fingertip heart rate monitor, a data acquisition device, a Bluetooth receiver, and three 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.
	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

	Features
	Final Product
	Prototype

	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 Wii Remote

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

	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 DAQ 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 DAQ

	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

3.2
Prototype Architecture (Hardware/Software)
Figure six shows the 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 Wii Remote, Bluetooth receiver, external fingertip heart rate monitor, a DAQ, three computers (simulation interface, rehabilitation’s computer, and patient’s computer), two databases (rehabilitation’s database and patient’s database), and two generated informative reports.  

The prototype will display how H.E.A.R.T. captures real-time data from the Wii Remote and 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.       
The Wii Remote has a three-axis piezoelectric accelerometer and a Bluetooth transmitter to communicate with the Bluetooth receiver.  The Wii Remote is a representation of the piezoelectric accelerometer used in H.E.A.R.T.’s primary band.  The Wii Remote will communicate to the Simulation Interface computer through a USB Bluetooth receiver, which connects to the Simulation Interface.  The remote measures the movement of the patient, and the data from the remote is displayed on the Simulation Interface in real-time.
The external fingertip heart rate monitor measures the heart rate of the patient and connects to a DAQ device.  The DAQ collects data from the external fingertip heart rate monitor and sends the data to the simulation interface with a USB connector.

The simulation interface serves as a projector and a collector of real-time data being collected from the Wii Remote and heart rate monitor.  The simulation interface will send generated data from the Wii Remote and heart rate monitor to the rehabilitation’s and patient’s databases.  
The software applications on the simulation interface are Labview, WiiMote-cpp, and simulation software.  Labview enables the ability to view and collect the data from the heart rate monitor, which is being collected from the DAQ.  WiiMote-cpp library allows the viewing and recording of information from the Wii Remote.  The simulation software will use algorithms to generate friendly data from the heart rate monitor and Wii Remote. 
The rehabilitation’s and patient’s computers will have separate databases.  The databases will utilize MySQL to store data on exercise routines.  The rehabilitation’s computer will have a large database because it contains exercise information on numerous patients.  The patient’s database will be smaller because the database only contains information about one patient.  The rehabilitation’s and patient’s computers will retrieve generated data from their database and use exercise discrimination algorithms to create informative reports.
3.3
Prototype Features and Capabilities
The H.E.A.R.T. prototype will demonstrate the basic functions of the real world product and show that H.E.A.R.T. is easy to use.  The prototype will collect real-time data, correlate data by time, discriminate exercise type, and give useful and informative reports on an exercise session.  The informative reports allow the patient and rehabilitation specialist to view the progress of the patient’s health overtime.
Due to limitations, the prototype uses hardware components that will not be fully integrated and are not ideal for the development of H.E.A.R.T.  However, the prototype’s hardware components’ capabilities are similar to the hardware components in the real world product.  The prototype uses a Simulation Interface, Wii Remote, and a heart rate monitor to represent the programmable unit, piezoelectric accelerometers, and a heart rate sensor respectively.  If the prototype successfully shows that useful data can be collected and correlated from a Wii Remote and an external heart rate monitor to discriminate exercise type and produce valuable information, the ideal components of the real world product will be able to discriminate exercises and provide feedback as well.
Patient involvement is the key to a successful rehabilitation program (Cardiac Rehabilitation, 2008).  Patients must feel a part of the rehabilitation program, and feel the program is beneficial to their health.  The patient’s exercise routine should be adjusted and analyzed by the rehabilitation specialist as well as the patient.  H.E.A.R.T. uses innovative technologies to correlate heart rate information with movement to give the patient the ability to receive feedback on their exercise routine, see their progress as they continue to exercise, and feel involved during the whole cardiac rehabilitation process.
H.E.A.R.T. also improves the communication between the patient and rehabilitation specialist, which can change the patient’s attitude towards cardiac rehabilitation.  Dr. Julie Redfern says, “One of the other big things in the behavioural literature is the fostering of a therapeutic alliance between the patient and the health care providers. The patient feels that they have some say and they work together with the health professionals, not just being told do this, do that” (Seega, 2007).   If the patient feels that they are working with the cardiac rehabilitation specialist to improve their health, the patient may continue to participate in cardiac rehabilitation.   
3.4
Prototype Development Challenges
During the development of the prototype, HEART Incorporated will experience challenges.  Due to monetary and time constraint, the prototype will not look like the real world product, but it will demonstrate the essential capabilities of the real world product.  The prototype will be using a Wii Remote and an external fingertip heart rate monitor to represent the piezoelectric accelerometer and the heart rate sensor respectively.  The programming unit is represented by the simulation interface machine, which will collect and merge data from the Wii Remote and the heart rate monitor.  
The algorithms used for the prototype will be limited due to the expected sophistication of the real world product’s algorithms.  HEART Incorporated will have to spend time with engineers, analytical geometry experts, and software developers to insure that H.E.A.R.T.’s algorithms for discriminating exercises are accurate and scalable.  Through the use of similar devices to the real world product and limited algorithms, HEART Incorporated will illustrate the collection and correlation of real-time data, discrimination of exercise type, and the presentation of feedback to the patient and rehabilitation specialist.   
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Glossary
Accelerometer:  A reference to the piezoelectric accelerometer used in the H.E.A.R.T. device.

Algorithms:  See Exercise Discrimination Algorithms.
Bluetooth Receiver:  Receive wireless information from a Bluetooth transmitter.

Bluetooth Transmitter:  Transmit wireless information.

Cardiac Patient:  See Cardiac Rehabilitation Patient.

Cardiac Rehabilitation:  See Cardiac Rehabilitation Program.
Cardiac Rehabilitation Patient:  An individual who has been diagnosed with a cardiac complication 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.

Chronological Information:  See Historical Data.
Customer:  Cardiac Rehabilitation Center.

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.

DAQ:  An abbreviation for Data Acquisition.  DAQ refers to the device used to collect data from the external fingertip heart rate monitor to send to the Simulation Interface. 
(the) Device:  See H.E.A.R.T.
Discrimination Algorithms:  See Exercise Discrimination Algorithms.

End-User:  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 Performance:  See Prescribed Set of Exercise.

Exercise Routine:  See Prescribed Set of Exercises.

Feedback:  See Informative Reports.
Exercise Session:  A predefined set of exercises done by the cardiac patient from when the H.E.A.R.T. device is on to off.
GUI:  An abbreviation for Graphic User Interface.  GUI refers to the displaying for the informative reports.  

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

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 external fingertip heart rate monitor.

(the) Information:  See Data.
Informative Feedback:  See Informative Reports.
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.

Involved:  The patient continues to participate in the cardiac rehabilitation program’s assigned activities throughout the whole cardiac rehabilitation program.  The patient should continue to perform their prescribed exercises without the supervision of a cardiac rehabilitation specialist.

Long-Term Rehabilitation Process:  A process within the cardiac rehabilitation process 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.

Medical Professional:  See Rehabilitation Specialist.

MySQL:  A computer language used to develop and manage databases.  MySQL is an abbreviation for My Structure Query Language.  MySQL will be used on the rehabilitation and patient’s computers to store information on patient’s exercise routine.
Non-Intrusive:  Not intruding on the cardiac rehabilitation program.

Patient:  See Cardiac Patient.
PC:  An abbreviation for Personal Computer.  The patient and rehabilitation specialist are expected to have PCs that fit certain requirements.
Prescribed Set of Exercises:  Prescribed exercises given to the cardiac patient to perform without the supervision of a cardiac rehabilitation specialist.

Professional:  See Rehabilitation Specialist.
(the) Program:  See Cardiac Rehabilitation Program.

 (the) Prototype:  See H.E.A.R.T. Prototype.
Real-Time Data:  Data collected immediately from the piezoelectric accelerometer and heart rate sensor.
Real World Product:  A reference to H.E.A.R.T.
Rehabilitation:  See Cardiac Rehabilitation Program.
Rehabilitation Professional:  See Rehabilitation Specialist.
Rehabilitation Program:  See Cardiac Rehabilitation Program.
Rehabilitation Specialist:  A medication 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.

“Rehab Only”:  See Cardiac Rehabilitation.
Reports:  See Informative Reports.

SBIR:  An abbreviation for Small Business Innovation Research proposal.  There was a SBIR document written for H.E.A.R.T. during the Fall of 2008.
Short-Term Rehabilitation Process:  The well-defined process of the whole 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 Machine:  A reference for Simulation Interface.
Simulation Interface:  A simulated computer that the prototype uses as a representation of the programmable unit that will be in H.E.A.R.T.

(the) Specialist:  See Rehabilitation Specialist.

(the) System:  See H.E.A.R.T. Prototype.
USB:  An abbreviation for Universal Serial Bus.  The USB will be used to connect the H.E.A.R.T. device to the patient’s and rehabilitation’s computers.
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