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The purpose of this document is to present a proposal for the design of a Mobile ECG Monitor system. This system monitor a patient’s electro-cardiogram wave form with a mobile device. This device will be responsible of analyzing the patient’s heartbeat and in the case of emergency the system will contact the pertinent authority letting them know that the patient is in need of medical assistance.  Enclosed is a brief description of the project.

Details of the design are described in this proposal. The goal is to design a secure, mobile and reliable system that will allow the patient to have some freedom without compromising the person’s health. Similar products already exist and were analyzed for improvements on possible solutions. The novel aspect of this product is the use of Bluetooth technology, wireless phone and electronic components.
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Abstract

Heart disease is one of the leading causes of death worldwide [1]. To help cardiologists’ treat these conditions, medical technology has been researching ways to improve Electro-cardiograms (ECG), the main tool used to determine the health of a patient’s heart. These large machines that were once exclusively found at hospitals can now be at a patient’s disposal. It is possible to develop a mobile ECG device that gives a larger degree of freedom to the patient. Using a microprocessor, an analog circuit, Bluetooth technology and a wireless phone, we can create an ECG system which the patient can carry with him at all times. This device can monitor the patient’s ECG and send an alert in case of emergency, providing the patient with prompt medical assistant. 

Keeping up with the trend of mobile health care, it is the purpose of this project to provide a feasible solution that is reliable, portable, easy for the patient to use, and with good power efficiency so that the person may be monitored for a long period of time. By keeping the patient monitored, we help to reduce the time he spends in the hospital and help the health care professionals to take care of him even when they are not in direct contact with him. The system consists of a wearable device that receives the user’s heart signals, interprets the data and in case of emergency sends a message via Bluetooth to a Java program running on a mobile phone that will interpret the data and send the emergency signal.
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1 Executive Summary
This project is for the Capstone Course ICOM 5047. WARM is a group of Computer Engineering Senior students that propose the creation of the Wireless ECG

1.1 Project Overview

An estimated 79,400 American adults (one in three) have one or more types of cardiovascular disease. Mortality data shows that cardiovascular diseases the underlying cause of death accounted for 36.3 percent of al 2,398,000 death in 2004, or one of every 2.8death in the United States [2]. In every year since 1900, except 1918, cardio vascular disease (CVD) accounted for more deaths than any other single cause or group of causes of death in the United States. According to the same study, the probability at birth of eventually dying from major CVD (I00-I78) is 47 percent and the chance of dying from cancer is 22 percent [3].

People with heart disease do not live at ease. They have a great probability to suffer a heart attack or failure and they can only know their heart status with equipment that is usually stationary at hospitals or at their house. The people with heart diseases have to monitor their heart at all moments so they practically are prisoners in their home or hospitals. This means that they can not have the opportunity of a normal live than other that does not have this complication. It would be nice for these persons to have some sort of device that monitors their heart status while giving them the freedom of movement and ease of mind they lack due to their condition. These people need some device they can carry with them wherever they go and let them know how their heart is at every moment. With this device then they could live a more normal life.
That device mentioned before is the WARM Wireless ECG. The purpose of this project is to satisfy this need and give patients the alternative to monitor their heart in all places and time without limiting their daily activities. The product we propose has the advantages of being wireless, portable, and that it monitors the heart continuously and at every time. The product also displays ECG data accessible to the patient and the doctor indicating the current patient’s heart health. The product is easily configurable and provides several options for software installation offering the most convenient one for the customer.
 The device will process the data and if it detects that something is wrong it sends an alert data to a cell phone which will send a message to the person that the patient had previously chosen. The major benefit people will get by using the WARM Wireless ECG will be to live at ease because they will monitor their heart wherever and whenever they want. Our objective is to offer patients the mobility they need while having the easy of mind that in case of emergency they can count that someone will be alerted and come to their help promptly.
1.2 Document Description

The purpose of this document is to present the proposal of the WARM Wireless ECG. This document covers, project overview, project benefits, functional specifications, technical specifications, information architecture, project considerations, cost summary, project phase - development lifecycle, team composition and environmental issues. It provides a way to ensure clarity and certainty before the commencement of any development work. Allows to go over the details of the project and to ensure an agreement on both cost and timeframe expectations. Hence, it contains all necessary information in order to get a full understanding of the project and its outcomes.
1.3 Deliverables and Milestones
To develop our project the team has divided the project in four phases. The phases are divided as follow:
· Phase 1: Analog circuit 

· Buy parts (Sep 9)

· Arm the circuit (Sep12)

· Test circuit(Sep16)

· Phase 2: Microprocessor

· Microprocessor  hardware connection (Sep 30)

· Progress report 1 and oral presentation (Oct 29)

· Microprocessor software (Nov 20)

· Phase 3 : Cell phone (parallel with others parts)
· Development environment  (12)

· Bluetooth interfacing  with module (Oct 13)

· Receive data from module (Nov 12)

· Send data (text message) (Nov 25)

· Phase 4 : Documentation 

· Final report  (Dec 1)

· Final Presentation  (Final exam date)
1.4 Market description
The following section describe other products and compare its with our                     product

1.4.1 Potential Customers

Our potential customer base includes patients with the following risk factors:

· Diagnosed with or suffered from:

· Cardiovascular Disease

· Congenital Heart Defects

· Stroke

· Diabetes

· High Blood Pressure

· High Cholesterol Level

· Have a family history of heart disease

· Over the age of 65

· Overweight or obese

· Increased use of tobacco or alcohol

· Physical inactivity

· Had a heart transplant/pacemaker
· Waist size

· Triglycerides
1.4.2 Current Competition: Advantages and Disadvantages
Other existing products come from the LifeSync® Corporation and Alive Technologies [4]. LifeSync® has developed a wireless ECG transceiver which uses a special 12 lead electrode that is also produced by them. The patient transceiver uses Bluetooth to wirelessly transmit the data to a monitor transceiver which connects using wires to a standard hospital ECG machine. This helps with continuous monitoring of the patient, and makes it easier for nurses to set up a patient’s ECG. However, since it still requires the monitor transceiver to be connected to a standard ECG machine, its main function is to replace the bedside ECG machine. It is not as portable as our unit, and the electrodes may make it uncomfortable to wear.
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Figure 1 LifeSync Wireless ECG [10]
The Alive Technologies Alive Heart Monitor is quite an advanced device that monitors the user's ECG and transmits it to the user's phone via Bluetooth [5]. The device connects with two electrodes to a patient’s body. The main market of this product appears to be athletes since a software package called Mobile Sports Monitoring is also available for sale. With this software, the device can monitor the athlete’s ECG, heart rate, speed, altitude, and tracks the person’s location. However, the company is based in Australia and is still looking for distributers. Therefore, this product may not be easily available for purchase yet.
2 Proposed Solution 

2.1 Objective

The goal is to provide early heart attack detection so that the patient will be given medical attention within the first few critical hours, thus greatly improving his chances of survival. The design tries to achieve this without compromising the patient’s ability to move or restraining the patient to a hospital. To achieve this WARM intends to:
· Develop optimized Software that should be easy installable within a 15 minutes by Nov 2.

· Have a prototype that complies with specifications stated by Nov 21.

For further tasks and chore distribution please refer to the Appendix C: where a gantt chart better illustrates this.
2.2 Contractual Aspects

2.2.1 Prototype


WARM agrees to develop a prototype with all the functionalities stated in this document. WARM is free to add any extra functionality as long as it does not interferes, replaces or modify any already specify in this document. For such modifications an agreement between all parties must be reached orally, written or by electronic medium.
2.2.2 Progress Reports

WARM also agrees to maintain up to date the website and blog with progress reports and research. Its purpose is to inform any interested party the progress of the development of the system and its current status.

2.2.3 Schedule
WARM accepts to follow the schedule stated in this document and to achieve all the goals specified in the schedule unless any event related with natural causes or those not controlled by us prevent us
.

2.3 Brief Project Description

For the design of this project we divided the system into three sub system:
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Figure 2 System Block Diagram
The first subsystem was the electro-cardiogram electrodes and the analog circuit, which are responsible of detecting the needed signals and sending it to the monitoring device. These sensors are to be put in the patient’s body making it high concern the safety of such sensors. Since the device is expected to allow the patient to have mobility, this sensors should be robust enough to stay in place and be able to read the signal.

The second subsystem is the communication system between the analog circuit wave producer and the wireless device. This subsystem is responsible of receiving the signal sent by the sensors and processing them. Some pattern recognition must be used in this subsystem to create the ECG and at same time detect any anomaly. It then should send this data to a wireless where the data will be further analyzed.

The third and last subsystem is the wireless device. This device should preferably be already widely available in the market. This device will work as an interface between the monitor and patient’s selected persons. It receives a signal of the second subsystem and sends a message of alert to the patient’s selected persons. 
2.4 Design Selection

In the research process several alternatives were found for the design of the system. In the decision process the alternatives were evaluated with several issues in mind. To evaluate which was the best choice to develop the design project, we considered which alternative was most power efficient, safe for human use and in accordance with today’s real market.

2.4.1 ECG Sensors

For the sensors, like mentioned before, the main design considerations were that they should be wearable, safe for human use and reliable for sensing the desired signals. One alternative was to buy a device already available in the market, but none were found that fitted our needs and budget. The other alternative was to implement a circuit designed for this purpose. The circuit that the team will be using in this part is a circuit previously designed by Chia-HungChen, Shi-Gun Pan and Peter Kinget of the Columbia Integrate System Laboratory. In case that this circuit does not fill our needs we have another circuit available, this ECG circuit was constructed based on the "Amateur Scientist" article [6].
2.4.2 Microcontroller Selection

For the core of our product, the MSP430F149 was selected. Several factors ensured that this was the MCU that would be needed for the implementation of our product. First, the MSP430F149 was designed with low power consumption in mind and low cost, which is one of the defining criteria for any portable device. Second, it only has 27 instructions, most of which can be used on 16-bit or 8-bit operands. Also no special instructions are required to perform operations with data stored in the MCU’s memory, which greatly simplifies the task of storing important data and performing operations on it. Third, the MSP430F149 has two different clock signal generators: one for its CPU, and the other for its peripherals. Both can be set to provide different clock signals via independent prescalers, which would simplify the tasks of measuring real time with timers, while the rest of the MCU is performing necessary calculations simultaneously. In addition, the MSP430F149 possess 2 16-bit timers with built-in prescalers. These timers can be programmed as regular timers, counters or specific time interval generators. Fourth, it possesses a direct memory access controller (DMA). It is very important because it allows the direct transfer of data between the peripherals of the MCU and its memory. This is due to the fact that the MSP430F149 is based on von-Neumann architecture, which maps memory and peripherals with the same address space. Sixth, it has 2 USARTs, and SPI that is required to establish communication with the Bluetooth module. Finally, the MSP430F149 is already available at the laboratory and has full software support.
2.4.3 Bluetooth vs. Zigbee

For the communication between the monitoring device and the wireless device two technologies were taken into consideration, Bluetooth and Zigbee [18]. Bluetooth is an already established technology in the cell phone industry and in the computer well and recently has been making its entrance to the consumer device market. Zigbee is a similar technology with a reduced signal range but with less power consumption than Bluetooth. Still, is not well established in the market and is hard to find in any device today. For that reason the team decides to use Bluetooth technology.
2.4.4 Wireless Device

For the wireless device subsystem two alternatives were taken into consideration. WiFi is a well established protocol in today’s market and in metropolitan areas are widely available. This kind of networks are relative easy to deploy for places that do not already have one like hospitals. Cell phones are a more mature technology and more common than WiFi. It has also a much greater signal range than WiFi thanks to the great investment done by communication companies. Programmable cell phones with internet access and Bluetooth enabled are easily found in today’s market making it the choice alternative for our design.
2.4.5 Selected Design
After taking in consideration all the pros and cons and having in mind the requirements of this project the alternatives that better fitted this design were to use Bluetooth technology due to its large signal range and its availability in the market. A programmable cell phone will be used as the patient-hospital interface and the ECG sensors will be implemented. Additional microprocessors and modules will be used to interconnect each subsystem.
3 Technical Description
3.1 Hardware description

[image: image5]
Figure 3 Block Diagram of Patient Device 

3.1.1 Microcontroller MSP430F149
Ultra low power 16 bit microprocessor. It can support clock rates up to 8MHz. It has 60 KB of flash ROM for code, and 2 KB of RAM for data. It also has two 16-bit timers, a 12-bit ADC with internal reference, sample and hold, auto scan feature, two DAC outputs, two UART (serial) ports, and 48 General Purpose IO (GPIO) pins. Note that multiple functions may be assigned to one pin, so not all features are available at a single time. The function and direction of each pin must be set in all programs. Unused pins should be set as GPIO outputs. 

Texas Instruments microcontroller MSP430F149 is the main component of the design. It will be responsible of all the needed calculation of the ECG wave form and also provides the necessary synchronization of the system.  Connections between analog circuit and microcontroller will be done via the pin connection of the ADC converter that is part of the microcontroller. This ADC has 12 bits and a conversion rate of 200 ksps (kilo sample per second), that fully satisfy our need sampling rate that is between 200 and 500 sample per second. To connect the Bluetooth module we are going to use the UART interface that is supported for both, the microcontroller and the Bluetooth module.
3.1.2 Analog Circuit 

3.1.2.1 AD624 Precision Instrumentation Amplifier

High precision, low noise, instrumentation amplifier with high gain accuracy, low gain temperature coefficient and high linearity used in high resolution data acquisition systems. It offers input noise below 4 nV/√Hz at 1 kHz and Pin-programmable gains of 1, 100, 200, 500 & 1000 provided on the chip, though with resistor biasing it can reach gains up to 10,000. A gain level ranging from 500 to 1000 is desirable for ECG applications, since the electrical signal coming from the heart is very small. This amplifier also has a CMRR above 80 dB at unity gain, which helps reject other common mode signals the electrodes will pick up.
3.1.2.2 LM741 Operational Amplifier

A 741-Opamp is used to offset the output DC voltage by connecting it to the reference node of   the AD624.  The 741 is connected as a source follower and provides negative feedback drives the common-mode voltage to a low level. It can also provide some electric safety, because the auxiliary op amp will saturate when an abnormally high voltage appears between the patient and ground.
3.1.2.3 PS-2506 Darlington Photo Coupler

The PS2506 Photo coupler is cascaded to electrically insulate the AD624 output signal from the rest of the circuit. The internal circuit and the external terminal unit are electrically isolated from the measurement electrode of the electrocardiograph by the PS2506. Therefore, occurrence of an electric shock accident can be prevented.
3.1.2.4 Opto-Coupler Filter

After the opto-coupler is a bandpass filter of 0.04 Hz to 150 Hz filter.  It is implemented by cascading a low-pass filter and a high pass filter. The data of low-pass and high-pass filter are implemented by simple RC components.
	 
	R
	C
	TIME CONSTANT 
	FRECUENCY

	Low-Pass Filter
	4M
	1µF
	4 sec.
	.04 Hz

	 
	 
	 
	 
	 

	High-Pass Filter
	10k
	0.1µF
	.001 sec.
	159 Hz

	 
	 
	 
	 
	 


Table 1 Opto-Coupler Components
3.1.3 KCWireFree KC21 Bluetooth module
The KC21 is a small, power efficient Bluetooth module with a built-in antenna. Nonetheless, to enable better power management through complete shut-off; it is powered through a separate regulator which is controlled by the MSP430 (P5.6)
. This way, it can be completely powered down, which is more power efficient than any of the built-in power saving modes of the Bluetooth module. Communication between the MSP430 and the Bluetooth module is by means of UART0 at 115kbps with no flow control. There are two status LEDs which are controlled by the Bluetooth module, BT_EN and BT_radio. These status indicators can also be read by the MSP430 through P3.2 
 and P3.3 
 respectively. BT_EN indicates the Bluetooth module is enabled and operational. BT_radio indicates there is radio activity and/or a connection is established.
3.2 Software Description 
The Wireless ECG Monitor has two subsystems that require mayor software algorithms. The first subsystem consists of a wireless phone, which will be responsible to serve as an interface between the monitor and the patient. It will also hold the emergency contacts, and alert them in case of a heart attack. The second subsystem consists of the ECG monitor which analyzes the current state of the patient and decides if the he is in good health or in need of medical assistance.
3.2.1 Wireless Phone
3.2.1.1 Development Environment
Several issues were taken in consideration at the time of designing the software for the wireless phone. Wireless devices can be programmed using several development environment directed to specific devices in the market. One of the technologies taken in consideration was the BREW [7] technology developed by Qualcomm. BREW is limited to CDMA devices which reduces greatly the market available as GSM is a more accepted standard worldwide. Also to develop BREW application Qualcomm requires the developer to acquire a license, a development kit, and to certify the application as TRUE BREW before releasing it to the market [8]. All these requirements can cost can mount up to $7000.00 making it an unattractive alternative.
Windows Mobile was also consider as an alternative for developing the application but the market for these devices is limited mainly to smart phones. While the flexibility granted by Windows Mobile was great for development the customer base for our product would have been reduced greatly if this platform was decided to be used.
J2ME is a Sun Microsystems developed technology, which allows developer to use JAVA as a development tool for Mobile devices [9]. It uses a reduced version of the java virtual machine embedded into the device to run java programs called midlets in wireless phones. A great part of the phone industry worldwide has adopted this technology and a great amount of devices support it
. Development tools for J2ME are freely available like Eclipse, MicroEmulator, and NetBeans. Given all the benefits of this technology the wireless application will be developed under it.
J2ME still presents some issues in the real world. Most of the cell phone carries in the US limit the capabilities of the phones restraining the virtual machines from certain parts of the cell phones. For our design we need access to the Bluetooth module, internal memory, and SMS messaging system. This can later be a concern for the product deployment in the market.
3.2.1.2 Application
3.2.1.2.1 Initialization Process
When you enter to the application the initialization process will start. A splash screen will appear while loading the application. Once loaded the application the system will verify if the emergency contacts have been selected. If at least one of the three emergency contacts have been selected the application will continue normally. Otherwise, if no emergency contact has been selected the system will ask the user to select at least one emergency contact. The system requires the user to have at least one emergency contact. If no emergency contact is selected then the system will not let the user go further in the application and will continue asking until an emergency contact is selected. After an emergency contact is selected the user will be permitted to continue with the application. Then the application will try to initialize the Bluetooth connection. If the connection is established successfully then the user will be directed to the Home Menu where he could use the application. If the connection was not established successfully then the system will ask the device’s Bluetooth pin number. In this screen the user will be given 2 choices: to retry establishing the Bluetooth connection or to skip the Bluetooth connection initialization and heading directly to the Home Menu but not connected. If the user decides to retry the connection then the pin number will be submitted and the system will try to connect again.
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Figure 4 Phone Software: Initialization Flow Chart
3.2.1.2.2 Home Menu

This is the main application dialog. From here the user can access all the functionalities of the program and see a brief status. In this screen the user will see if the Bluetooth connection is established or not, and if the user is fine or not. A more detailed report of the user status is presented in the ECG Data screen. In the screen there are buttons to access all the functionalities of the program. These buttons are: Settings, ECG Data, Help and Exit.
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Figure 5 Phone Software: Menu GUI
3.2.1.2.3 Settings

The settings dialog allows the user to configure the emergency contacts and the Bluetooth connection.
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Figure 6 Phone Software: Settings GUI

3.2.1.2.3.1 Emergency Contacts

In this menu the user can change the emergency contacts. The user has a maximum number of three emergency contacts and a minimum of one (it is required to have at least one emergency contact). Any contact can be an emergency contact.
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Figure 7 Phone Software: Emergency GUI

3.2.1.2.3.2 Bluetooth Settings

In this menu the user can see the devices connected to Bluetooth that are near the cell phone and which are connected to it. In this menu the user will have the possibility to connect to any Bluetooth device near the cell phone by providing that device pin number.
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Figure 8 Phone Software: Bluetooth GUI

3.2.1.2.4 ECG Data

In this screen the user will see his/her heart status as well as the parameters used to determine that status with their according value and also the baseline value for that parameter. The parameters presented in the screen are:
· Ventilation Rate: The rate of ventilation of the user

· PR Interval: It is the time (in seconds) from the beginning of the P wave to the beginning of the QRS complex.
· QRS Duration: It represents the time it takes for depolarization of the ventricles.
· QT/QTc: QT represents the time between start of ventricular depolarization and end of ventricular repolarization (QT). QTc is the QT-interval corrected for heart rates.
· P-R-T Axes: The axes of the electrical signals generated by the heart.
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Figure 9 Phone Software: ECG Data GUI

3.2.1.2.5 Exit

This button let the user exit the system.
[image: image12.png]@ il 3 11:16Am

ECG Monitor: Menu





Figure 10 Phone Software: Exit Button

3.2.1.2.6 Help

In this menu the user will find instructions of how to configure the application and help in other topics. The topics include: How to configure Bluetooth, How to configure Emergency Contacts, How to contact the Development Team (us), and Meaning of the LED Light’s Color.
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Figure 11 Phone Software: Help GUI
3.2.1.3 Software Installation
The software will be distributed by 3 different ways. We decided to go by these different approaches because if we decided to use any of them alone then the product could not reach every person that needed our service. It is necessary that the cell phone will be smart chip compatible to install the software. The 3 different ways are:
· The user can download it from internet and then follow the instructions to install it. This approach can be achieved by cell phones that can connect the internet and have the feature of downloading. The problem with this approach is that any person with a cell phone that can not connect to the internet will not be able to use our system.

· The user can buy a CD with the software and install it with the computer. This approach let persons who have a computer for installing the software to use our system. The problem of this approach is that anyone that does not have a computer will not be able to use the device.

· The user can buy a cell phone with the software already installed. This approach has the advantage that the user will not have to worry about his/her cellular being compatible with our product. The problem with this approach is that people that do not want to change their cell phone will complain about the system.
We decided to use the 3 approaches so that everyone that needs our service could use it without problem.
3.2.2 ECG Monitor
The software in the ECG Monitor is in charge of analyzing and processing the signal received from the electrodes. When the device is turned on the system will start by initializing the ADC, the Bluetooth Module and the Timers. After those components are initialized the system will check if the user’s heart Baseline has been established. If the baseline has been established the system will start its normal function. Otherwise if the baseline has not been established then the system will try to establish the baseline. It is important to note that only the cardiologist is able to establish the baseline in the device. The baseline is established by pressing a button that will send an interrupt telling the microprocessor to record the wave currently reading as the baseline and to store it. Once the baseline is established the system will start reading data. After reading the data the system will process it and will make a diagnostic based in the data processed. If the diagnostic is positive (the user is in good health) then the system will continue working normal. On the other hand, if the diagnosis is negative (user is in danger of heart attack, etc.) then the system will send the data via Bluetooth to the cell phone and will instruct the cell phone to send an emergency message to the user’s emergency contacts. The user can also request from the cell phone to watch his/her heart data, this is done in ECG Data menu in the cell phone application as mentioned in the section before (3.2.1.2.4).
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Figure 12 ECG Software Flow Chart

4 Project Antecedents

Currently, the most common method for monitoring a patient’s heart is a hospital’s Electrocardiogram machine. These are most reliable for doctors, but are quite a hassle for patients since they are only available at the hospital. With the help of current technological developments, medical technology has been moving towards the concept of mobile health care. Mobile devices let the patient take health care out of the hospital with them. They allow continuous sensing of vital signals like the heartbeat, making it easier for both health care professionals and patients to monitor their health. Several technologies already exist, but still have some limitations we want to address.
4.1 Ambulatory electrocardiography

Also known as the Holter monitor, this device was the first mobile ECG monitoring device. The device records the heart’s electrical signals it receives through electrodes connected to the patient’s chest. The electrodes are connected to a recorder. It records the patient’s electrical signals on a tape for a prolonged period of time. Then the tape is delivered to a cardiologist be analyzed and determine if there are any anomalies in the heart rhythm [11]. Modern Holter monitors use flash memory to record the signal. This method proves unpractical, since it still limits the health care provider’s monitoring to when the patient gives him the data. Also does not help the patient in case of a live emergency. The recorder is also quite big, making it uncomfortable to wear.
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Figure 13 Holter Monitor Patient [13]
4.2 Previous Project Developments

4.2.1 Wireless Heart Attack Detector with GPS

This project was part of the University of Illinois at Urbana-Champaign’s ECE 445 course. The project produced an implant that would detect if the patient was having a heart attack. If a heart attack is detected, a signal is sent to the Bluetooth module to initiate an emergency dial up sequence. Once the emergency dial up sequence is received, the phone, enabled with Bluetooth, will read the user’s location information from a GPS receiver and send the information to emergency personnel. The project succeeded in successfully acquiring the ECG waveform, the ability to detect heart attacks and in sending out the distress signal.

This project sets a base for our hardware phase. The system for detecting ECGs in portable applications is very similar. It consists of the electrodes for sensing the signal, the bio amplifier and filters that prepare the signal for processing, the microcontroller which samples and processes the data, and the communications link to send the detection signal from the device. The main difference is that the UIUC is an implantable module while the WARM Portable ECG is a wearable external device which eliminates the need of surgical procedures. From the software perspective, the WARM Portable ECG is heart monitor, not just a heart attack detector, which means the signal processing algorithms will be different, as well as the mobile phone application. 

4.2.2 Wearable-Mobile ECG (Orbit ECG)
The Orbit ECG is a wearable ECG monitoring system designed to make use of Rice University’s Orbit EDU platform design. This small circuit integrates a TI-MSP430 microcontroller with Bluetooth module and a micro SD drive for data retrieval. The project consists of a 3 tier system that includes the ECG monitoring device, a mobile phone/PDA application and a remote server that ultimately receives the data.

This project has major advantages over our own, mainly because the Orbit EDU platform includes two of the main components in a single, compact circuit. The integrated micro SD also makes data retrieval easier, and gives an alternate way to get the data from the user. The software for the mobile phone/PDA only forwards the data to the remote server and makes the emergency call. In this area, our project has the advantage of being able to display and store the data for the patient to view if he so chooses to.
5 Personnel

The team (WARM Company) is composed of four Computer Engineers specialized in different areas. 
5.1 Description of specialization areas

5.1.1 Software Engineer I 

Designs, modifies, develops, writes and implements software programming applications. Supports and/or installs software applications/operating systems. Participates in the testing process through reviews, analysis, witnessing, and certification of software. It requires a bachelor's degree in a related area. Has knowledge of commonly-used concepts, practices, and procedures within a particular field. Relies on instructions and pre-established guidelines to perform the functions of the job. Works under immediate supervision. Primary job functions do not typically require exercising independent judgment. Typically reports to a manager.

5.1.2 Hardware Engineer I
Provides analysis related to the design, development, and implementation of hardware for products. Develops test, strategies, devices, and systems. It may require a bachelor's degree in area of specialty. Has knowledge of commonly-used concepts, practices, and procedures within a particular field. Relies on instructions and pre-established guidelines to perform the functions of the job. Works under immediate supervision. Typically reports to a supervisor or manager.
5.1.3 Engineering Project Manager

Plans and directs all specialized engineers working on specific project. Manages the development, implementation, and evaluation of complex designs, product construction and testing in order to ensure completion of project as efficiently and effectively as possible. Familiar with a variety of the field's concepts, practices, and procedures. Leads and directs the work of others. A wide degree of creativity and latitude is expected. Typically reports to a head of a unit/department.
5.2 Project Personnel Organization

5.2.1 Software engineers 
Alexis M. Ortiz-Pérez

Alexis M. Ortiz Pérez is a Senior Student of Computer Engineering at UPR Mayagüez campus, specialized in software. His experience includes working with different data structures such as 2-3 Tree Data Structure, Databases, and GUI's. He is skilled in developing software in C and Java programming languages, including some Java related tools such as Servlets, JSPs, JSFs, Java RCP, Exadel VCP, and GWT. He has also worked with SQL. His experience working in software development and the knowledge in the before mentioned languages and tools makes him the Software Engineer for this team.

Wilfredo Bermudez Soto

Wilfredo O. Bermudez Soto is a Senior Engineer Student at UPR Mayagüez campus who is highly proficient in C/C++, Java, Scripting and Assembly programming languages. Past experiences include developing a database for a commercial website project, designing a cryptographic secure protocol for medical records archiving, implementation of a laser drawing app and a laser mouse driver. All these gave him the background in algorithms needed to qualify him as a Software Engineer for this team.
 5.2.2 Hardware engineers
Melvin Rivera Suárez

Melvin Rivera is a Senior Engineering Student at UPR Mayagüez campus specialized in hardware. He also has a certification in project management. In his experience, it is notable and of relevant to this project, his previous work in the D-Swap project, a project that require the use of a microprocessor and interface it with an LCD and other devices. For his experience and leadership Melvin Rivera is qualify to be the Project Manager and hardware engineer of the team.
Rafael Vega Díaz

Rafael E. Vega Diaz is a senior student of Computer Engineer at UPR Mayagüez campus who is well rounded in both hardware and software development. Software experience includes software design for a pile driver application and database for a commercial website project. Experiences in hardware include designing an integrated circuit for an analog to digital converter, emulation development for a programmable source measurement unit, and implementation of an audio amplifier. This hardware background qualifies him as a Hardware Engineer for this team. 
5.3Advisors
José Fernando Vega, PhD

Associate Professor at Computer Engineering Department

University of Puerto Rico at Mayagüez, Mayagüez, PR

Nayda G. Santiago Santiago, PhD

Associate Professor at Computer Engineering Department

University of Puerto Rico at Mayagüez, Mayagüez, PR

Kejie Lu, PhD

Assistant Professor at Computer Engineering Department

University of Puerto Rico at Mayagüez, Mayagüez, PR
6 Schedule
6.1 Work Breakdown Structure
The following Work Breakdown Structure (WBS) displays the necessary tasks assigned to complete each of the deliverables. The final product is the WARM ECG monitoring system; it is divided in three main deliverables: patient device, cell phone and write reports and presentations.
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Figure 14 Work Breakdown Structure of WARM Wireless ECG
Figure 14 describes the WBS of the patient device part. It is divided in three: the analog circuit, microcontroller and Bluetooth module.
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Figure 15 Work Breakdown Structure For Cell phone & Written Reports
The Figure 15 describes the WBS of the cell phone and written reports, oral presentation parts.
6.2 Task & Assigned Resources
	Task
	Finish date
	Resources

	WARM ECG monitor system
	12/1/2008 
	 

	Patient device
	11/21/2008 
	 

	Analog circuit
	9/25/2008 
	 

	Buy parts 
	9/15/2008 
	Rafael Vega

	Arm circuit
	9/16/2008 
	Rafael Vega

	Test circuit
	9/25/2008 
	Rafael Vega, Melvin Rivera

	Microcontroller
	11/21/2008 
	 

	Hardware
	10/7/2008 
	 

	Buy microcontroller and development kit
	9/17/2008 
	Rafael Vega

	Interconnect with analog circuit
	9/29/2008 
	Melvin Rivera

	Interconnect with Bluetooth 
	10/7/2008 
	Melvin Rivera, Rafael Vega

	Software
	11/21/2008 
	 

	Receive data from analog circuit and save it
	10/8/2008 
	Rafael Vega, Melvin Rivera, Wilfredo Bermúdez, Alexis Ortiz

	Bluetooth module initialization
	10/14/2008 
	Melvin Rivera, Rafael Vega

	Baseline training subroutine
	10/28/2008 
	Rafael Vega, Melvin Rivera, Alexis Ortiz

	Analyze receives data
	11/11/2008 
	Rafael Vega, Melvin Rivera, Alexis Ortiz, Wilfredo Bermúdez

	Send data to Bluetooth module
	11/21/2008 
	Wilfredo Bermudez, Alexis Ortiz

	Bluetooth module
	10/1/2008 
	 

	Buy Bluetooth module
	9/17/2008 
	Melvin Rivera

	Interconnection with USBMOD3
	9/22/2008 
	Melvin Rivera

	Test module
	10/1/2008 
	Rafael Vega, Melvin Rivera

	Cell phone
	10/30/2008 
	 

	Software
	10/30/2008 
	 

	Phone programming environment
	9/30/2008 
	 

	Drivers installation
	9/11/2008 
	Wilfredo Bermudez

	Phone interfacing with computer and test
	9/30/2008 
	Alexis Ortiz, Wilfredo Bermudez

	Interfacing with Bluetooth
	10/14/2008 
	Alexis Ortiz, Wilfredo Bermudez

	GUIs design 
	10/7/2008 
	Wilfredo Bermudez

	Communication protocols
	10/13/2008 
	Alexis Ortiz, Wilfredo Bermudez

	Data request from microcontroller
	10/30/2008 
	Alexis Ortiz, Wilfredo Bermudez

	Progress report and oral presentation II 
	10/29/2008 
	Rafael Vega, Melvin Rivera, Alexis Ortiz, Wilfredo Bermúdez 

	Final report
	12/1/2008 
	Rafael Vega, Melvin Rivera, Wilfredo Bermúdez

	Final presentation 
	12/1/2008 
	Melvin Rivera, Wilfredo Bermudez

	User manual
	12/1/2008 
	Rafael Vega, Alexis Ortiz


Table 2 Assigned Resources to Task

7 Estimated Project Costs

Employee salary was calculated using a wizard from Salary.com with San Juan, Puerto Rico as the zip code. The graphs of average annual salary are on the Appendix B:
The WARM ECG monitor system requires two Software Engineers I and two Hardware Engineers I. Based on the wizard the annual salary of software engineers is $41,076.5 dollars and for hardware engineer is $39,893 dollars annually that corresponds to $19.75 and $19.17 hourly payment respectively. One of the hardware engineers is also the manager of the project and his salary is based on engineering manager salary that is 77,157 dollars and corresponds to $37.09 per hour.

	Employee 
	Salary per hour
	Work hours requires
	Total cost

	Software Engineer
	$19.75 
	280
	5,530

	Software Engineer
	$19.75 
	280
	5,530

	Hardware Engineer
	$19.17 
	280
	5,367.60

	Project Manager
	$37.09 
	280
	10,386

	 
	 
	Subtotal Cost
	26,813.60

	Bonuses (1.9%)
	 
	 
	509.4584

	Unemployment Insurance (1.40%)
	 
	 
	375.3904

	Disability (1.1%) 
	 
	 
	294.9496

	S.S  5.3%
	 
	 
	$1,421.12 

	Healthcare (7.4%)
	 
	 
	$1,984.21 

	401K/403b (4.3%)
	 
	 
	1152.9848

	
	 
	Sub total
	$32,551.71 

	Professional consultant 

	$100.00 
	80
	$8,000 

	Total Employee Cost
	$40,551.71 



Table 3 Employee’s salary, benefits & total cost.
Table 3 Employee’s salary, benefits & total cost.summarizes the total employee cost including benefits and taxes. The table shows each employee along with their salary, working hours and total gain. Every employee is going to work 280 hours in total. The table also shows the benefits provided by company as the Social Security, Unemployment Insurance and Health Care.
	Analog circuit

	Part
	Qty.
	Unit Price
	Total Price

	AD624
	1
	6.16
	6.16

	PS 2506
	1
	3.5
	3.5

	LM 741
	1
	1.39
	1.39

	R 3.5k
	1
	0.05
	0.05

	R 150
	1
	0.05
	0.05

	R 10k
	1
	0.05
	0.05

	R 4M
	1
	0.05
	0.05

	C o.1u
	1
	0.15
	0.15

	C 1u
	1
	0.16
	0.16

	Adjusted R(200k)
	1
	1.48
	1.48

	9 volts battery
	2
	2.05
	4.1

	total
	 
	 
	17.14

	
	
	



Table 4 Analog Circuit Cost
Table 4 Analog Circuit Costdetails the cost of all parts of the analog circuit and the total cost. These components are needed to completely mount the circuit designed for filtering and amplifying the heart signals. It is important to have exactly these components to assure an excellent functioning of the circuit.
	Equipment and parts
	cost 

	flash emulator for msp430
	138.24

	microprocessor 
	8.84

	cell phone
	196

	electrodes (box 50) 
	45

	Bluetooth module KC 21
	49.73

	Total
	437.81


Table 5 Equipment & Parts Cost
Table 5 explains in detail the components and equipment bought for the project. These include the microprocessor, the Bluetooth module and the cell phone.
	Total cost

	analog circuit
	$17.14

	equipments and parts
	$437.81

	Employers
	$40,551.71

	Subtotal
	$41006.6604

	overhead 150%
	$102516.651


Table 6 Total Project Cost
The table above summarizes all data presented in the previous tables. In this tables it can be seen how much was invested in each part of the project and which part was more expensive. We can see that the biggest part of the budget was invested in the employees and in the overhead.

8 Technical and Managerial Aspects

We decided to use Scrum as our managerial approach. It is an agile software development process. This approach consists in dividing the total time of the project in periods in which the team makes incremental deliveries of the product. Several meetings, called scrums, are made where team members report what they did, what problems they encountered in the process and what they will do next. Scrum focuses on maximizing the team's ability to deliver quickly and respond to emerging requirements.

As a technical approach we decided to use as coding guidelines the Java Code Conventions used by Sun. To minimize errors we will use Code Review. This means that every member will have someone checking their work and coding. The purpose of this is to detect the errors made by that code’s developer. Using this approach, errors and problems can be found in a more efficient way.

There are some developments principles known by many programmers that we decided to adopt. These are:
· To provide value to the users

· To keep things simple

· To have a clear vision

· To think on the people that may continue working in the project

·  To be open for the future

·  To plan for reuse

·  To think above all things
9 Assessment procedures

9.1Assessment methods
This group will use the Scrum Software Development Process to monitor how the progress of the project is. Scrum let the team members know the project status at each meeting. The manager will compare the progress reported in the meetings with the schedule and update it. The information discussed in the meetings will be posted in the blog so that all team members will access it anytime. 

Evaluation of the project is as follow:
Demonstration 1                                       10%

Demonstration 2                                       10%

Final Demonstration                                 20%

Proposal                                                    15%

Progress Report                                        15%

Project Report                                           20%

Attendance and Punctuality

        5%                                                                                                                                                                                                                   

Other                                                           5%

The project will be evaluated by percentage. The overall value of the project is 100%. This percentage is subdivided then between any subtasks of a given task. The project’s major divisions are:

· The Product we want to develop. (70%)

· The Documents required for the course. (30%)

Each on of these items can be subdivided. The Document’s major divisions are:

· Progress Report (25%)

· Progress Presentation (5%)

· Project Report (50%)

· Final Presentation (20%)

The Product’s major divisions are:

· Analog Circuit (20%)

· Microprocessor Software and Hardware (50%)

· Cell Phone Software (30%)

The Analog Circuit is subdivided into:

· Buy Parts (10%)

· Arm Circuit (25%)

· Test Circuit (65%)

The Cell Phone Software is subdivided into:

· Buy Cell Phone (5%)

· Bluetooth interfacing (20%)

· Receive the data from module (50%)

· Send message and data (25%)

The Microprocessor Software and Hardware is subdivided in tasks that also are subdivided into more subtasks. The subdivisions are:

· Buy Microprocessor and Development Kit (5%)

· Buy Bluetooth Module (5%)

· Interface Microprocessor with Bluetooth Module (15%)

· Microprocessor Software (75%)

The Microprocessor Software is subdivided into:

· Analog to Digital Converter (5%)

· Interface Microprocessor with Bluetooth Module (30%)

· Analysis of Data (65%)

The Analog to Digital Converter task is subdivided into:

· Initialize (35%)

· Synchronize (65%)

The Analysis of Data task is subdivided into:

· Design Algorithm (80%)

· Implement Algorithm (15%)

· Test Algorithm (5%)

These are the percentage values of each task.

9.2Quality Control

Code Conventions – We will use the Java Code Conventions used by Sun.

Testing 

· Unit Testing – Each unit of code will be tested to verify that it works properly.

· Integration Testing – When integrating each unit of code the interaction will be tested to verify that it works properly.

· System Testing – The complete integrated system will be tested to verify that it works properly.

Code Reviews – All code written will be revised by another team member to verify that it has coherence and that it has no errors. This way error tracking should be reduced.

Repository – The client will provide a repository manage all project related documents. All code written, verified and corrected will be submitted to the repository to assure system keeps up to date.

10 Project Risk 

10.1 Risk Assessment 

1. Hardware/Components Damaged

Probability: Low | Impact: High

If accidentally some hardware or components gets damaged we will try to fix them if possible. Otherwise they will be replaced. To prevent this risk all members will follow and study carefully the datasheets of the hardware and components.

2. Loss of Member

Probability: Low | Impact: High

This risk includes losing a member because of sickness, accident, dismissal, and class drop-out. If a member is loss then the tasks that belonged to that member will be distributed among the other members and the schedule will be fixed accordingly. To prevent this risk (if preventable) the manager will be monitoring all members continuously and will make sure that everything is fine with them. Communication is the key to solve this problem before it is materialized.

3. Unfinished task by a team member

Probability: Low | Impact: High

If for some reason some member knows that some of his her tasks will not be finished then it is his responsibility to inform that to the manager as soon as possible. Then if the manager approves it the task can be reassigned to other member. Depending on the case the member will receive a reprimand and if this situation continues it will end in a dismissal letter from the manager. To prevent this risk the manager will be monitoring all members continuously and will make sure that everything is fine with them. Communication is the key to solve this problem before it is materialized.

4. Project could not be completed

Probability: Low | Impact: High

If the team notices that the project is not going to be finished by the deadline then a meeting with the client will be done to negotiate if some undone feature can be eliminated from the project. To prevent this risk the manager will always be monitoring all members to see if there is something wrong in the project.

5. Data lost/damaged

Probability: Low | Impact: High

All team members must have their files uploaded in the repository so that in the case that data is lost or damaged then the team will have a backup. Also the team should have backups of the project in their computers and also in their email. It is better to have more backups.

6. Computer Crash

Probability: High | Impact: High

If for some reason the computer of a team member does not function, then another computer should be provided for him to continue working. To prevent this risk there are always computers supplied by the client at the computer lab that can be used as a replacement for the crashed computer.

7. Unavailability of Components

Probability: Low | Impact: High

If necessary components are missing, components arriving late or some component gets missed for examples, then we will have to buy these components in local stores. To prevent this risk the team will make sure every component is bought as soon as possible and that every component is in place.

8.  Wireless Phone Incompatibility

Probability: Medium | Impact: High

Some phones are restricted by the carrier which cripples the Bluetooth profile and J2ME platform. Access to the Bluetooth device from J2ME and a specific Bluetooth profile for data exchange between the devices is needed. If these are restricted by carrier we expect to ask permission from them to enable such feature. If not possible a second phone could be use or use a laptop as emulation.

9. UPR Strike 

Probability: Low| Impact: medium

If a strike occurs we will adjust our schedule in order to work on tasks that not need the use of the university facilities or equipment. This risk is not possible to monitor so we can’t prevent that kind of risk.

11 Impacts & Issues Related with the Project

11.1 Environmental Issues

The power source for our system is going to rely on batteries do to its mobile nature. Most of today’s batteries contain minerals and chemicals that if not disposed properly can be hazardous to the environment putting in danger the whole ecosystem. 

To minimize the impact of these minerals a note can be included in the system manual providing instruction on how to properly dispose and service the batteries. For this documentation the RoHS [12] organization from EU will be used as a guideline. The Battery Act Statute [14] will also be taken in consideration in the design process.
11.2 Legal Issues

Our system is going to produce electromagnetic waves produced by the wireless devices like the Bluetooth module. The FCC requires digital devices to not cause harmful interference and to accept any interference received, including interference that may cause undesired operation [15][16]. In order to comply with the FCC certified Bluetooth modules will be used for this design and proper analysis of the electronic components will be conducted.

11.3 Social Impacts

It is a concern in today’s society if the radiation emitted by wireless phones is a health thread to humans. Long exposures to small amounts of radiation are believed to cause cancer in humans. Although this premise has been discarded by the general scientific community it may be an issue to several communities and might impact in a negative way the view of our system in the market.

Our device also might give a false sense of security to a patient which condition really needs a direct hospital care. Bad judgment by a doctor might cause to put the life of someone in danger with our device. Still, if used properly the device can be of great benefit to society.

APPENDIX

Appendix A:
Phones available with Bluetooth technology and J2ME support:

For sake of simplicity only 20 models are shown by company, each carrier may have more the 20 wireless phones that meet this requirement. Only the mayor Puerto Rico carriers were taken in consideration [17]:

	AT&T/Cingular




LG CU400 / CU405

LG CU500

LG CU515

LG Shine CU720

LG Trax CU575

LG Vu / CU920 / CU915

Motorola KRZR K1

Motorola L2

	Motorola L6

LG CU320
	

	T-Mobile/Suncom



	Motorola RAZR2 V8

Motorola RIZR Z3

Motorola ROKR E8

Motorola Sidekick Slide

Motorola V195 / V197

Motorola V360 / V361

Motorola V551 / V330 / V547 / V555 / V557

Motorola V600

Motorola W490

Nokia 2760
	HTC 8125 / 8100 / MDA / K-JAM / P4300

HTC Dash / S620 / S621 (Excalibur)

HTC SDA (USA) / SP5m (Tornado)

HTC Shadow


HTC Wing / P4350 (Herald)

Motorola A630

Motorola KRZR K1

Motorola PEBL U6

Motorola RAZR V3

Motorola RAZR V3i / V3t / V3e / V3r

	Sprint




LG Fusic / LX-550


LG Muziq / AX-565 / UX-565

LG PM-325


Nokia 6165i

	BlackBerry 7130e

BlackBerry 7250

BlackBerry 8703e

BlackBerry 8830

BlackBerry Curve 8330
	


Appendix B:
Software engineer I cost per hour
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Calculation:


(36882+45271)/ (2*2080) = $19.75 per hour

Equation 1
Hardware Engineer I cost per hour
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Calculation:


(34,832+44954)/ (2*2080) = $19.17 per hour
Equation 2
Project Manager
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Calculation:


(67769+86545)/ (2*2080) = $37.09 per hour
Equation 3
Appendix C:
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http://www.digikey.com
http://www.jameco.com
http://www.ti.com
20. KC21 - Bluetooth OEM Module, Class 2

http://www.kcwirefree.com/Product.aspx?ProductCode=KC21

21. Wearable-Mobile ECG

http://elec424.rice.edu/ekg/

22. ECG Measurement System

http://www.cisl.columbia.edu/kinget_group/student_projects/ECG%20Report/E6001%20ECG%20final%20report.htm#1
Project Proposal























� By natural causes we understand hurricanes, floods, fires, tornados or natural occurring disaster. By events not controlled by us we understand universities strikes, not expected academic recess, or any other unexpected event.


� BP - Band Pass Filter; OP- Opto-Coupler ; Amp – Instrumental Amplifier; Elect – Electrodes; µC – Micro Controller; BT – Bluetooth Module 


� Port 5 Pin 6


� Port 3 Pin 2


� Port 3 Pin 3


� Please see � REF _Ref208700147 \h ��Appendix A:� for list of phones compatible with J2ME.


� There is no paid of social benefit for the consultants.
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