University of Puerto Rico Mayaguez Campus
Electrical and Computer Engineering Department
ICOMS5047 — Computer Engineering Design
Professor Fernando Vega, PhD
Professor Nayda G. Santiago, PhD

WARM Wireless ECG Monitor
Requirements Specifications

December 10, 2008

Team Members:
Melvin Rivera
Alexis Ortiz
Rafael Vega
Wilfredo Bermudez



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

I [ 7T L1 (T o PP S PSPPSRI 1
L1 PUIPOSE. ...t 1
Yol o] oL PSSR PR PRI 1
1.3 Definitions, Acronyms and ADBDIeVIations ...........cccecveiiieiie e 1

1.3.1 DEFINITIONS. ...ttt bbbttt bbb b 1
1.3.1.0 APPHICALION. ...t 1
1.3.1.2 USE CBSE......eeeitieieieie ettt 2
1.3.1.3 USE CaSE DIAGIAM......ciuiiiieiieieieiie sttt 2
1.3.1.4 Class DIAQraM ........cccoveiueiieieeie e sie et ste e ste e e ne e e raanee s 2
1.3.1.5 SEQUENCE DIAGIAM ..ottt 2
1.3.1.6 ACLIVILY DIAQIaM .....covviiiiiiciecc et 2
I N A U - PSPPSRI 2
L3 LB PAIENT .ot 2
1.3.1.9 Wireless ECG MONITOK .......coiiieiieiieie e 2
1.3.1.10 ANAIOQG CIICUIL.......eeiiieieciiccie et re e 2
IR 00 0 D To 0! 0| PSPPI 2
1.3.2 Acronyms and ABDBreviations ...........cccveveiieiiie i 2
LB.2. L ECG ittt ettt re e e ne s 2
L1.3.3.2 UML ittt 2
L3383 U2ME ...t ana s 2
L.3.3LA SIS ettt neene s 2
1.3 3.5 SMTP e et re e anas 2

1.5 OVBIVIBW ...ttt bttt bbbt s e st e et enbe st e ebeebenneenes 3

2. OVEraAll DESCIIPIION ....vieiieeete sttt bbbt 3

2.1 ProduCt PEISPECLIVE. .......eiiuieie ettt ae s 3

2.1.1 SYStEM INTEITACES .....eeieieeieeee e 4
2.1 1.1 Cell PRONE ...ttt ettt eneas 4
2.1.1.2 ANAIOG CIICUIT. ...ttt 4
2.1.L.3 MICIOCONIIONIET ... e 4
2.1.1.4 BIUEtOOth MOTUIE ..o 4
2.1.2 USEI INTEITACES ..ottt 5
2.1.2.1 L0ogical CharaCteriStiCS.........ccuiiiiieieiieieiee ettt 5
2.1.2.1.1 HOME SCIEEN .....eeiiiiitie ittt ettt 5
2.1.2.1.2 SEHINGS SCIEEM.....eiiiiiieeite sttt 6
2.1.2.1.5 Baseline Parameters INput SCreeN..........ccccveveeiiieeieevie e 9

2.2 ReQUITE FUNCLIONS ...ttt 13
2.2.1 INTEANIZALION ... 13
2.2.1.1 EMErgency CONLACES ........cccueiuirieiieiiniesiieie sttt 13
2.2.1.2 BIUBLOOTN ...ttt 13
2.2.2 ALBIT SYSTEIM.....eiiiiitiiiieeee bbbt bbb 14
2.2.2. L SIMIS ..ottt ne e neenes 14
2.2.2.2 MESSAQE FAIIUIE ... s 14



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

p I 1= 1 1SS 14
2.2.3.1 EMergency CONACES ........cccueiuiiiiiieiiiie it 14
2.2.3.2 BIUELOOtN SELHINGS ... .cviivieiiecie et 15
2.2.3.3 Baseline Parameters INPUL..........cccooiiieeieienc s 15

2.2.84 ECG DaALA....c.ui ettt bbbttt a bbb 15
2.2.4. 1 REAUINGS. ...ttt bbbttt bbb 15
2.2.4.2 BASE.....co e 16

2.2.5 CommuNIcation ProtOCON .........coouiiieiiiie e e 16

2.3 USEI CharaCteriSTICS ...vouveuieuieiiieiieste sttt sttt bbb nreas 16

2.4 CONSITAINTS ...evieiieie ettt st e e s e st e nte e st e sreesteeneesbeenteaneesreeneeenee e 16
2.4.1 Hardware lImItationS..........ccoiiiiiininiiieiee s 16

2.5 Assumptions and DEPENUENCIES ..........ccuiirieiierieie e 17

3. SPECITIC REQUITEMENLES .....eoiiieieciic sttt et s sreenre e 17

3.1 EXTErNal INTEITACES .....eoiveeiece et 17
T8 00 [T o L A O 11 1 o | OSSOSO 17
B2 EVENES ...ttt bbb b e an e b e 20

3.2 Functional REQUITEMENTS ........ceeiiiiiiiecie ettt sre e 20
3.2.1 Use Case SPECITICALIONS .......c..oiiiiririiieiee et 21

3.2.1.1. HOME MENU VIBW ...ttt 21
3.2.1.1.1 Use Case: HOME MENU VIBW.......cccoeiviiriieieiiesieeie e sieenee e sieaneens 21
3.2.1.1.1.1 Activity Diagram: Select Settings..........cccccvvvveieeieiiie i 22
3.2.1.1.1.1.1 Select Settings SPeCITICALION...........cccoviriririiieee e 22
3.2.1.1.1.2 Activity Diagram: Select ECG Data...........cccccevevviievreieciesiienne 23
3.2.1.1.1.2.1 Select ECG Data SpecCifiCations..........cc.covvreririeeienienie s 23
3.2.1.1.1.3 Activity Diagram: Select Help Button............ccceovvveiveiiiiciiene 24
3.2.1.1.1.3.1 Select Help Button SpecifiCations ............cccceveerieierencneninnnnnns 24
3.2.1.1.1.4 Activity Diagram: Select EXit BUttOn...........cccccoevvivieiieie e, 25
3.2.1.1.1.4.1 Select Exit Button SpecifiCations..............ccocvririrrenencneninieeens 25

3.2.1.2. SettingS MENU VIBW.........ocviiieiiecee sttt 25
3.2.1.2.1 Use Case: Settings Menu VIBW..........ccccceririiineninieienese e 26
3.2.1.2.1.1 Activity Diagram: Select Emergency Contacts Button .................. 26
3.2.1.2.1.1.1 Select Emergency Contacts Button Specifications...................... 27
3.2.1.2.1.2 Activity Diagram: Select Bluetooth Settings Button..................... 27
3.2.1.2.1.2.1 Select Bluetooth Settings Button Specifications.............c.cc.cveve. 28
3.2.1.2.1.3 Activity Diagram: Select Baseline Parameters Button ................... 28
3.2.1.2.1..3.1 Select Baseline Parameter Button Specifications ....................... 28

3.2.1.3 Emergency CoNtactS VIEW........ccveiieiiuieiiie ettt 29
3.2.1.3.1 Use Case: Emergency Contacts VIEW..........ccccuevririeienenenenennnnens 29
3.2.1.3.1.1 Activity Diagram: Save CONtacts..........cccceevvvevieiiieeiiesii e, 30
3.2.1.3.1.1.1 Save Contacts SPeCifiCatioN...........ccoverererienieeiesee e 30
3.2.1.3.1.2 Activity Diagram: Cancel .........cccccceviiiiiiiiiciiececcc e 31
3.2.1.3.1.2.1 Cancel SPecCifiCation .........cceoeiererenenienesiseeee e 31



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

3.2.1.4. Bluetooth Settings VIEW .........ccccciieiiiiieiieir e 31

3.2.1.4.1 Use Case: Bluetooth Settings VIEW ..........cccovvveieiieniin i 32

3.2.1.4.1.1 Activity Diagram: Select DeVICE ..........cceveiveeieeieiie e seesieeiens 32

3.2.1.4.1.1.1 Select Device SPECITICALION ........cccoveririiriiiiieiee e 33

3.2.1.5. Baseline Parameters Settings VIEW ........cccccveveviieieeieiiie e 33

3.2.1.5.1 Use Case: Baseline Parameters VIeW ..........cccocevveieninivenesieneennens 34

3.2.1.5.1.1 Activity Diagram: Save Parameters..........cccccecvveresieerveresieesnennens 34

3.2.1.5.1.1.1 Save Parameters SPecifiCation.............ccccovvvrvriiiienenencneseneias 35

3.2.1.6. ECG Data VIBW ...oeouiiiiiieiieiiesieeee ettt 35

3.2.1.6.1 Use Case: ECG Data VIBW .......ccceveeieiieriieieseesieenie e sieeneesneesieanaens 35

3.2.1.6.1.1 Activity Diagram: Get ECG Data..........c.cccoovvevveveiieiiece e 36

3.2.1.6.1.1.1 Get ECG Data SpecCifiCation ............ccccererireriniieiienenic e 36
APPENDIX A: Software DOCUMENTALION. .........cuiiiieieieiesie s 37
Figure 1 Use Case Diagram of the SYStem ..........cceiveiiiiiiiicie e 4
Figure 2 Application HOME IMENU. .......cc.oiiiiiiiiiieieeee e 5
Figure 3 Application Settings MENU ..........ccceiveiiiiieiieie e 6
Figure 4 Application Emergency Contacts MENU...........cccoceiiiiniiiniiicieee e 7
Figure 5 Application Bluetooth Setting MeNU............ccovvieiieie i 8
Figure 6 Application Baseline Parameters MEnU ...........ccccooeiirineniiieienese e 9
Figure 7 Application ECG Data MENU .........cceeiuieiiiieiieie e 10
Figure 8 Application HEIP MENU ..........ccoiiiiiiiiee s 11
Figure 9 Application AlEIt IMENU.........c.oii et 12
Figure 10 Use Case for HOmMe MenU VIBW........ccociiiiiiiiiiienisieeeeee e 21
Figure 11 Activity Diagram: Select SEttings .......cccocvvevieiiiiiciieie e 22
Figure 12 Activity Diagram: Select ECG Data..........ccccoveieierininiiiieieeeese s 23
Figure 13 Activity Diagram: Select Help BULTON ............cocoeviiieie i 24
Figure 14 Activity Diagram: Select EXit BUTEON...........ccccoiiiininiiiieieece e 25
Figure 15 Use Case: Settings MENU...........coviiiiiiiii e 26
Figure 16 Activity Diagram: Select Emergency Contacts Button .............cccocceveverininne. 26
Figure 17 Activity Diagram: Select Bluetooth Settings Button.............cccceevveviiiieiennn. 27
Figure 18 Activity Diagram: Select Baseline Parameters Button............ccccceoceveiencninne. 28
Figure 19 Use Case Diagram: Emergency Contacts VIEW .........cccccvevvevieeieiiesecrie s 29
Figure 20 Activity Diagram : SAVe CONTACTS ........cveieiierieiieiieriesiesee e 30
Figure 21 Activity Diagram: CanCel.........ccoovveiiiiiiie et 31
Figure 22 Use Case Diagram: Bluetooth Settings VIEW...........ccoovvvviviiieienc e 32
Figure 23 Activity Diagram: SeleCt DEVICE.........ccceiiieiie i 32
Figure 24 Use Case Diagram: Baseline Parameters VIeW...........ccocvoeveienencnenencsnnn 34
Figure 25 Activity Diagram: Save Parameters .........ccccveveeiieeieesie e see e 34
Figure 26 Use Case Diagram: ECG Data VIEW..........cccereiiierininieiieieesee s 35
Figure 27 Activity Diagram: Get ECG Data..........cccccovveiieiiieiie e 36



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

TADIE L oo et e e e e e e e e ——————— e — 19
TADIE 2. BVNTES. ..ot n e neennenennnnnnnnnnnnnnnnne 20



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

1. Introduction

The ECG monitor system is a device comprised of three interconnected
subsystems. The device will monitor a patient’s ECG heart signal and given
certain parameters detect any problem or anomaly. In the event of an anomaly the
system will trigger an alert and send a message to the pertinent entities. The
system is composed of an analog signal acquiring circuit, a signal processing
microcontroller, a Bluetooth module, and a cell phone.

1.1 Purpose

The purpose of this document is to specify the software requirements for
the cell phone software. The document presents a detailed view of functions
included in the system and its expected behavior. UML diagrams (Use Case,
Class, and Sequence diagrams) where included as part of the specifications.

1.2 Scope

The cell phone application serves as the user interface between the user
and our product. It allows the user to configure all the settings comprising the
system, access help documentation related to the whole system and to get
feedback from the system.

The cell phone application is also responsible for the messaging alert in
case of a heart problem. This application doesn’t analyze or process the heart

data, it only detects emergency signal from the system and sends an emergency
message to the appropriate entities.

1.3 Definitions, Acronyms and Abbreviations

The following section explains in more detail definitions and acronyms
that are used in the document to avoid confusion in the reader.

1.3.1 Definitions

1.3.1.1 Application — Refers to the software running in the cell
phone.
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1.3.1.2 Use Case - describes a sequence of actions that provide
something of measurable value to an actor and is drawn as
a horizontal ellipse in a Use Case Diagram.

1.3.1.3 Use Case Diagram — Presents the system's use cases and
their interaction represented as a diagram.

1.3.1.4 Class Diagram — Shows the classes of the system, their
interrelationships (including inheritance, aggregation, and
association), and the operations and attributes of the
classes.

1.3.1.5 Sequence Diagram — Represents behavior in terms of
interactions.

1.3.1.6 Activity Diagram — Represent the operational work flows
of a system.

1.3.1.7 User — Refers to any person who interacts with the system.

1.3.1.8 Patient — Refers to a person that uses the system as a heart
monitoring device.

1.3.1.9 Wireless ECG Monitor — Refers to the system as a whole
including the analog circuit, microcontroller, Bluetooth
module, and the cell phone application.

1.3.1.10 Analog Circuit — Refers to the system that acquires the
electrocardiogram heart signal.

1.3.1.11 Doctor — A medical licensed doctor who is capable of
defining the appropriate baseline heart parameters.

1.3.2 Acronyms and Abbreviations

1.3.2.1 ECG - Electrocardiogram.

1.3.3.2 UML — Unified Modeling Language.
1.3.3.3 J2ME - Java 2 Micro Edition.

1.3.3.4 SMS — Short Message Service.

1.3.3.5 SMTP — Simple Mail Transfer Protocol.
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1.5 Overview

The rest of this document presents a detailed description of the
application. Section 2 presents a brief description of the application and its
functionality. It presents the system architecture and the description of the
required functions. Section 3 is the core of the document and it will describe all
the inputs and outputs of the product as well as the Use Case, Class and Sequence
diagrams.

2. Overall Description

This section provides a general description of the product. The system
architecture, required functions, and constraints of our product are specified. Also the
assumptions and dependencies of our product are discussed in this section as well.

2.1 Product Perspective

In this section the architecture of the system is specified. The actors,
external interfaces and other processes which are relevant to our system have been
identified. On the following sections, the different system interfaces are detailed

and explained.

The following list contains the different identified components. Also an
UML diagram showing the architecture of the system (See Figure 1) is shown.

Actor - Represents any user that can interact with the system. This user
can be a patient, a doctor, or a technician.

Cell Phone — The application being developed that interacts with the user.
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Figure 1 Use Case Diagram of the System

2.1.1 System Interfaces

This section describes all the system interfaces (user, hardware,
software, and communications) that are part of the system but not
necessarily part of the cell phone application. All of them have an indirect
interaction with the application

2.1.1.1 Cell Phone — Mobile instrument used as a portable
computer, originally used as a mobile phone, today its
capabilities go far beyond having even specialized
operating systems like the ones seen on desktop computers.
This is where the application being developed will run.

2.1.1.2 Analog Circuit — Acquires the heart signal from the
patient and filters it.

2.1.1.3 Microcontroller — Analyzes the signal acquired by the
analog circuit and triggers an alert in case of a heart
anomaly.

2.1.1.4 Bluetooth Module — Serves as the communication link
between the cell phone and the microcontroller.
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2.1.2 User Interfaces
This section describes the user interfaces of the application. It is

divided in the logical and optimization aspects of it.
2.1.2.1 Logical Characteristics

This section describes in detail the purpose of screens,
menus, and reports of the application.

2.1.2.1.1 Home Screen

This screen is the initial interface for the user. It
shows the home menu which are used to give the user
access to the different features of the application.

mhrovaten

o @Sun "

Seﬁinﬁ

O =

Figure 2 Application Home Menu.
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2.1.2.1.2 Settings Screen

This screen shows all the possible configurations
for the application. From here a specific setting can be
accessed by choosing one of the buttons.

o @ Sun )
i leen
?-llll By
Settings
IEmergency Contacts

Eluetooth Settings I

Baseline Parameters Inpu1|

Eack Emrgency Conta

T = .

Figure 3 Application Settings Menu
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2.1.2.1.3 Emergency Contacts Screen

This screen shows three emergency contacts. The
user can specify the phone number along with the carrier of
at least one and at most three contacts. After setting the
contacts the user can save the contacts, cancel the
modifications, or test if the emergency alert system is
working. The test feature will send an SMS message to all
the contacts saved.

N "
L \ L) |
° @ Sun ° & Sun
Eritetetrig Ertatetri
[Famil o B (Fanil [
Emergency Contact Emergency Contact
Contact # Contact #1
TE7 2551111 787 2551111
Carrigr ¥ Sprint Carrier ¥ %print
Contact #2 Contact #2
787 255 5533 787 25555339
Carrier * funCom Carrier ¥ SunCom
Contact #3 Contact #3
TET2553333 7872393333 T o
— enu
Carrier * ol |Carrier hd m1 _
2 Test Alert
3 Cancel
Eack hienu EBack flenu

[ o [ =0l 11 e [ =90 o ]

Figure 4 Application Emergency Contacts Menu
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2.1.2.1.4 Bluetooth Settings Screen

The Bluetooth Settings screen shows a list of the
available Bluetooth devices that are in the premises of the
cell phone. The Wireless ECG Monitor identifies itself as
WARM_ECG. Upon selection of the desired Bluetooth
device the cell phones proceeds to connect to it.

] @Sun

]

\

£ B

Famil
Devices found
IVEQRM_ECG

Back

e

[T ——

]

Figure 5 Application Bluetooth Setting Menu
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2.1.2.1.5 Baseline Parameters Input Screen

This screen allows the doctor to define the patient’s
specific baseline parameters. These parameters are later
sent to the microcontroller to be used as a threshold
measure to detect heart anomalies.

o ﬁn T ﬁn )

[F T 5= | [ - 5E
Baseline Parameters Input Bazeline Parameters Input

|'||.|fentilatinn Rate Left Bound | QRS Duration Right Bound

Ventillation Rate Right Bound QT Left Bound

PR Interval Left Bound QT Right Bound

PR Interval Right Bound QTc Left Bound

QRS Duration Left Bound QTe Right Bound

QRS Duration Right Bound T Amplitude Left Bound

QT Left Bound |'|I' Amplitude Right Bound |
Eack i henu Eizck v hderiu
e 2 o )N ] 2 . ]

Figure 6 Application Baseline Parameters Menu
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2.1.2.1.6 ECG Data Screen

This screens provides the user the capability of
requesting to the Wireless ECG Monitor a current reading
of the hear parameters. The readings are displayed along
with the base parameters set by the doctor.

o @Sun |

i

F il =3 B
ECG Data

ECG Data
Params Feadings  |Baze ECG
Went Rate
PR Interyal
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QTIGTC

T mag

|Eack Eclit

] N

Figure 7 Application ECG Data Menu
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2.1.2.1.7 Help Screen

From this screen a user can access several help
documentations related to the whole system.

o @ Sun

reirovmieen

....\1

0 BB

|Hnw to configure the bluetooth |

How to change emergency contacts

Tech Support

IEack

— 1
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2.1.2.1.8 Alert Screen

In the event that the Wireless ECG Data detects an
anomaly with the heart, the cell phone application will
prompt the user with an alert screen. The alert screen will
inform the user of the current parameters measured that
caused the alert and inform that an alert message is being
sent to the emergency contacts.

Q @Sun |

hroniem

Fanil B
|Emergem:].r

ou might be in danger. ECG Monitor has
cletected an anomaly in your heart!

[« | =]

Figure 9 Application Alert Menu
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2.2 Required Functions

All the user accessible functions are mainly shown in the home menu. The
user should be able to access help documentation that would provide him with a
comprehensible explanation of how the features of the Wireless ECG Monitor
works. There are functions that enable the user to configure the different settings
of the application. The user also has access to the data currently being monitored
through the ECG Data function. The application is also provides the function of
sending an alert message through SMS messaging to a predefined list of contacts.
To ensure the proper work of the system an initialization function ensures that
everything is configured correctly before staring the application.

2.2.1 Initialization

The main purpose of the system is to alert the appropriate entities in case
of an emergency so that the patient can get a faster medical attention. It extremely
important for this goal to be accomplish that the emergency contacts are
configured before using the device. The cell phone application doesn’t monitor
the patient’s heart. This is done by the microcontroller which sends an alert to the
application in case of emergency. The cell phone application receives this
command through the Bluetooth connection, to ensure that the alert message is
sent this link must be in place before using the device. To ensure that the main
purpose is accomplished an initialization process is done when the application
starts checking that the needed configurations are already set.

2.2.1.1 Emergency Contacts

At least one contact must be configured before the application can
run normally. For this the software check if there is no contact saved in the
application, in such case it redirects the user to the emergency contacts
setting menu (Figure 4).

2.2.1.2 Bluetooth

In order to be able to receive an alert command from the
microcontroller the cell phone and the microcontroller must be connected
through a Bluetooth link. In the initialization process the software checks
if the Bluetooth settings are already configured and if a connection can be
done. If it fails it redirects the user to the Bluetooth setting menu where
the user can set these configurations (Figure 5).

13
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2.2.2 Alert System

When the cell phone application receives an alert command the software
displays an onscreen alert and then proceeds to message all the emergency
contacts. The messaging is done through the SMS service better known as text
messaging. This service is provided by the cell phone carriers to their customers
and might be enabled or disabled depending on the service plan. In order for it to
work the user must be sure that all the emergency contacts he configured can
receive SMS messages.

2.2.2.1 SMS

In order to send the SMS message the application relies on the
SMTP protocol. This protocol is the same used to send emails. In order for
it to work the cell phone device being used must have the capability to
create internet connections. The J2ME virtual machine must also have
access to it. The application uses a freely available open source SMTP
library that sends the alert message to the emergency contact. For the SMS
message to work the carrier of the contact must be supported by our
application as different carrier have different configuration for their SMS
service.

2.2.2.2 Message Failure

A situation might arise where an alert event is trigger and the cell
phone doesn’t have signal reception to send the message. In such case the
applications keeps trying to send the message until it gets sent
successfully.

2.2.3 Settings

The user can access the several setting functions that allow him to
configure the several features that the application provides.

2.2.3.1 Emergency Contacts

The application allows the user to save up to three emergency
contacts. To set up each contact the user must provide the cell phone
number of the contact and its carrier. These contacts can be later modified
and saved. This function also allows the user to test the alert message

14
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function. By selecting the test alert function the application will send an
SMS message to all the saved contacts with a test alert message.

2.2.3.2 Bluetooth Settings

In order for the system to work the cell phone and the
microcontroller must connect to each other through a Bluetooth
connection. This function allows the user to search nearby Bluetooth
devices, showing him a list of Bluetooth devices. The user then chooses
the Wireless ECG Monitor to establish the connection.

2.2.3.3 Baseline Parameters Input

In order for the microcontroller to detect anomalies in the analyzed
data it needs some threshold to compare it to. These thresholds are user
specific and defined by a medical doctor. The baseline parameters input
function allows the medical doctor to configure the Wireless ECG Monitor
to work within user specific threshold. These parameters can be
reconfigured by setting the parameters again through this function. The
parameters the doctor sets are Vent Rate, PR interval, QRS complex, QT
duration, QTc, and T magnitude.

2.2.4 ECG Data

The cell phone itself doesn’t analyze the ECG signal, this analysis is done
by the microcontroller, still the user might find used full to be able to see the ECG
parameters being monitored. For this the user can access the ECG Data function
which will send a command to the microcontroller to send the current analyzed
parameters.

2.2.4.1 Readings

A column displaying the current parameters is displayed. The
parameters being analyzed are Vent Rate, PR interval, QRS complex, QT
duration, QTc, and T magnitude. All these parameters might not make
sense to the user since they are medical terminology, to help him make
more sense of these data a base column displayed.

15
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2.2.4.2 Base

The Base column displays the base parameters set by the doctor for
the user. It gives a range of values between which the current readings
should be.

2.2.5 Communication Protocol

The cell phone needs to communicate with the microcontroller to be able
to transfer data between each other. This data is comprised of the heart parameters
and some strings. The communication protocol is comprised of seven commands.
They provide the ability to the cell phone and microcontroller to request
parameters, send lower and upper bound threshold parameters, echo the
command, and return an error command.

2.3 User Characteristics
Users of the application should have a basic level of understanding
about how their cell phone works. Launching applications varies from
model to model and the same applies on how the key mapping works for
the software navigation.
2.4 Constraints
In this section, constraints that limit the developer’s options are
presented.
2.4.1 Hardware limitations
The application will only run under cell phones that are capable of
running J2ME java applications, have Bluetooth access, and data access.

The J2ME virtual machine of the cell phone has to be able to access the
Bluetooth device and also the internet network connection.

16
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2.5 Assumptions and Dependencies
No assumptions or dependencies have been made about the product.

Hardware or Software applications needed in some way for the development or
work of the product appear in section 2.1.1.

3. Specific Requirements
3.1 External Interfaces

3.1.1 Input / Output

Following we list the inputs and outputs of cell phone application.
It is in alphabetical order and each one is described in function of their
type of element, a brief description, the source, the destination, interface
associated with it.

17
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Name Description Input/Output Element Type Producer Entity Consumer Entity Interface Elements
backButtonPressed Returns to the previous display. Both Button User User
settingsButton Directs to the Settings display. Both Button User User Home Screen
Directs the User to the ECG Data
ecgDataButton screen. Both Button User User/Microcontroller Home Screen
Directs the User to the Help
helpButton screen. Both Button User User Home Screen
exitButton Exits the program. Both Button User User Home Screen
Directs the User to the
emergency contacts settings
emergencyContactsButton menu. Both Button User User Settings Screen
Directs the User to the Bluetooth
bluetoothSettingsButton settings menu Both Button User User Settings Screen
Directs the User to the baseline
baselineParametersButton parameters settings menu. Both Button User User Settings Screen
Sets the value of the phone Emergency Contacts
telephoneTextBox number. Input Text Box User Screen
Shows the list of available cell
phone carriers for SMS Drop Down Emergency Contacts
carrierDropDownMenu messaging. Input Menu User Screen
Connects to that device via
btDeviceButton Bluetooth. Both Button User Bluetooth Settings Screen
Sets the value of one of the Baseline Parameters
parameterTextBox parameters. Input Text Box User Screen
Saves and sends the threshold
parameters to the Baseline Parameters
saveParametersButton microcontroller. Both Button User User/Microcontroller Screen
Display the current and base ECG
ecgDataTable parameters. Output Table User User ECG Data Screen
Display documentation related to
helpLink the selected help category. Both Link User User Help Screen
Sends an SMS test message to all Emergency Contacts
testAlertButton emergency contacts Both Button User User Screen
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Emergency Contacts

saveContactButton Saves the emergency contacts. Both Button User Screen

Discard any changes in the Emergency Contacts
cancelButton contact settings. Both Button User User Screen

Alerts the user that an anomaly

has been detected and an SMS
alertPopUp message is going to be sent. Output PopUp Microcontroller User

Table 1
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3.1.2 Events

This is the list of events of our system.

Producer Consumer

Name Description Entity Entity

alertEvent The Event occurs Microcontroller

when the the
microcontroller
detects an
anomaly.

testAlertEvent The Event occurs User

when the user
presses the
testAlertbutton.

saveParametersEvent The Event occurs User

when the user
presses the
saveParameters
button

Table 2. Events

3.2 Functional Requirements

Functional Requirements are a set of rigid guidelines that every system
follows. They describe the expected and required interaction between the system
and its environment in an implementation independent way.

What follows are the Use Case diagrams that represent the functional
requirements of the system. Each scenario conveys how the system should
interact with the customer, external actors, or other systems to achieve a specific
goal.

The functional requirements are classified according to functional
characteristics or features of the system. Each section represents a feature of the
product and subsequent subsections present a use case for each feature view.
There is also an activity diagram for each use case.
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3.2.1 Use Case Specifications
This section presents the use case diagrams of the functional requirements.
3.2.1.1. Home Menu View
The use case diagram for the “Home Menu View” will
focus on describing the interaction between the end-user and the

“System” application.

The user is provided with a list of buttons that will direct
them to a specific submenu of the system.

3.2.1.1.1 Use Case: Home Menu View

User

Figure 10 Use Case for Home Menu View

21



WARM -Wireless ECG Monitor. December 10, 2008
Requirements Specifications

3.2.1.1.1.1 Activity Diagram: Select Settings

Setting Buttoh Selrcted

W

Clirect uszer to Settings Menu)

®

Figure 11 Activity Diagram: Select Settings

3.2.1.1.1.1.1 Select Settings Specification

Use case name Select Settings

Priority Essential

Participating actors Initiated by User

System interface Cell phone

Entry 1. Settings Button

Entry condition 1. Current display in “Home Menu”.
Flow of events 1. Display Settings Menu Screen
Exit

Exit condition

Exceptions

Special requirements

22
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3.2.1.1.1.2 Activity Diagram: Select ECG Data

ECG Data Buﬂ} Pressed

C‘iend Command to Microcontroller)

[ Populate table with data ]

Display ECG Data Screen

Figure 12 Activity Diagram: Select ECG Data

3.2.1.1.1.2.1 Select ECG Data Specifications

Use case name Select ECG Data

Priority Optional

Participating actors Initiated by User

System interface Cell Phone, Microcontroller

Entry 1. ECG Data Button

Entry condition 1. Current display in “Home Menu”.
2. The Base Parameters Must has been set.

Flow of events 1. Send command to microcontroller.
2. Populate the ECG Table.

Exit

Exit condition

Exceptions

Special requirements
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3.2.1.1.1.3 Activity Diagram: Select Help Button

Help Button| Selrcted

W

C‘.Iirect user to Help Menu )

®

Figure 13 Activity Diagram: Select Help Button

3.2.1.1.1.3.1 Select Help Button Specifications

Use case name Select Help Button

Priority Optional

Participating actors Initiated User

System interface Cell Phone

Entry 1. Help Button

Entry condition Current display in “Home Menu”.
Flow of events Display the Help Menu Screen.
Exit

Exit condition

Exceptions

Special requirements
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3.2.1.1.1.4 Activity Diagram: Select Exit Button

Exit Button Selcted

Cfuits the applicatiun)

®

Figure 14 Activity Diagram: Select Exit Button

3.2.1.1.1.4.1 Select Exit Button Specifications

Use case name Select Exit Button

Priority Essential

Participating actors Initiated by User

System interface Cell phone

Entry 1. Exit Button

Entry condition 1. Current display in “Home Menu”.
Flow of events 1. Stop running application.

Exit

Exit condition

Exceptions

Special requirements

3.2.1.2. Settings Menu View

The use case diagram for the “Settings Menu View” will
focus on describing the interaction between the end-user and the
“System” application for accessing various sub-settings.
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3.2.1.2.1 Use Case: Settings Menu View

]
System

User

Emergency Contacs

Bluetooth Settings

Baseline Parameters

Figure 15 Use Case: Settings Menu

3.2.1.2.1.1 Activity Diagram: Select Emergency
Contacts Button

Emergency Contacls Button Selcted

C]isplay Emergency Contact MemD

Figure 16 Activity Diagram: Select Emergency Contacts Button
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3.2.1.2.1.1.1 Select Emergency Contacts Button
Specifications

Use case name Select Emergency Contacts Button

Priority Essential

Participating actors  Initiated by User

System interface Cell Phone

Entry 1. Emergency Contact Button

Entry condition 1. Current display in “Settings Menu”
Flow of events 1. Direct user to Emergency Contact Menu.
Exit

Exit condition

Exceptions

Special requirements

3.2.1.2.1.2 Activity Diagram: Select Bluetooth
Settings Button

Eluetooth Settings Button Selected

C]isplay Bluetooth Settings Menu)

Figure 17 Activity Diagram: Select Bluetooth Settings Button
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3.2.1.2.1.2.1 Select Bluetooth Settings Button
Specifications

Use case name Select Bluetooth Settings Button

Priority Essential

Participating actors Initiated by User

System interface Cell Phone

Entry 1. Bluetooth Settings Button

Entry condition 1. Current display in “Settings Menu”
Flow of events 1. Direct user to Bluetooth Settings Menu.
Exit

Exit condition

Exceptions

Special requirements

3.2.1.2.1.3 Activity Diagram: Select Baseline
Parameters Button

Baseline Parametgrs Button Selected

Clisplay Baseline Parameter ScreerD

®

Figure 18 Activity Diagram: Select Baseline Parameters Button

3.2.1.2.1..3.1 Select Baseline Parameter Button
Specifications

Use case name Select Baseline Parameter Button

Priority Essential

Participating actors Initiated by User
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System interface Cell Phone

Entry 1. Baseline Parameters Button

Entry condition 1. Current display in “Settings Menu”

Flow of events 1. Direct user to the Baseline parameter Screen.
Exit

Exit condition

Exceptions

Special requirements

3.2.1.3 Emergency Contacts View

The use case diagram for the “Emergency Contacts View”
will focus on describing the interaction between the end-users with
the “System” when the end-user wants to set or modified a contact.
It also describes the interaction between the end-user and the test
alert function.

3.2.1.3.1 Use Case: Emergency Contacts View

System

Save Contacts

i Cancel

User

Test Alert

oy

Figure 19 Use Case Diagram: Emergency Contacts View
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3.2.1.3.1.1 Activity Diagram: Save Contacts

Save Button|Selected

W
C‘—'arse input values

W
[Smre Values in cell phone

®

Figure 20 Activity Diagram : Save Contacts

3.2.1.3.1.1.1 Save Contacts Specification

Use case hame Save Contacts

Priority Essential

Participating actors Initiated by User

System interface Cell Phone

Entry 1. Save

Entry condition 1. Current display in “Emergency Contacts Menu”.
2. At least one contact must be configured.

Flow of events 1. Parse contact values.
2. Save in cell phone memory.

Exit

Exit condition

Exceptions 1.Invalid values entered

Special requirements 1. The input values must be number
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3.2.1.3.1.2 Activity Diagram: Cancel

Cancel Buthon Selected

(RESE[ values to their previous stati

®

Figure 21 Activity Diagram: Cancel

3.2.1.3.1.2.1 Cancel Specification

Use case name Cancel

Priority Essential

Participating actors Initiated by User

System interface Cell Phone

Entry 1. Cancel

Entry condition 1. Current display in “Emergency Contacts”.
Flow of events 1. Reset values to their previous state

Exit

Exit condition

Exceptions

Special requirements

3.2.1.4. Bluetooth Settings View

The use case diagram for the “Bluetooth Settings Views” will focus on
describing the interaction between the end-user and the “System” for selecting
Bluetooth device and initializing a connection.

31



WARM -Wireless ECG Monitor.

Requirements Specifications

December 10, 2008

3.2.1.4.1 Use Case: Bluetooth Settings View

A

User

1

Figure 22 Use Case Diagram: Bluetooth Settings View

3.2.1.4.1.1 Activity Diagram: Select Device

Fail

select Device Selected

W

Connection

?

Figure 23 Activity Diagram: Select Device
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3.2.1.4.1.1.1 Select Device Specification

Use case name Select Device

Priority Essential

Participating actors Initiated by User

System interface Cell Phone, Bluetooth Device

Entry 1. btDevice Button

Entry condition 1. Current display in “Bluetooth Settings”.
2. Bluetooth Device enabled.

Flow of events 1. Query Bluetooth for a list of nearby devices.
2. Display available devices.
3. Connect to selected device

Exit

Exit condition 1.Connected

Exceptions 1. No signal reception

2. No device found

Special requirements

3.2.1.5. Baseline Parameters Settings View

The use case diagram for the “Baseline Parameters Views” will focus on
describing the interaction between the end-user and the “System” for setting the

threshold parameters for the ECG analysis.
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3.2.1.5.1 Use Case: Baseline Parameters View

User

Figure 24 Use Case Diagram: Baseline Parameters View

3.2.1.5.1.1 Activity Diagram: Save Parameters

Save ParametI: Selected

Fail fonnection

Figure 25 Activity Diagram: Save Parameters
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3.2.1.5.1.1.1 Save Parameters Specification

Use case name Save Parameters
Priority Essential
Participating actors Initiated by User
System interface Cell Phone, Microcontroller
Entry 2. saveParameters
Entry condition 3. Current display in “Baseline Parameters”.
Flow of events 4. Parse Values
5. Send data to microcontroller.
Exit
Exit condition
Exceptions No Bluetooth connection

Special requirements

3.2.1.6. ECG Data View

The use case diagram for the “ECG Data Views” will focus on describing
the interaction between the end-user and the “System” for obtaining the current
data being analyzed.

3.2.1.6.1 Use Case: ECG Data View

System

i getECGData

User

Figure 26 Use Case Diagram: ECG Data View
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3.2.1.6.1.1 Activity Diagram: Get ECG Data

getECGDala Selected

= [ Send Command to microcontroller )

Fail fonnection

Parse Values and Display

Figure 27 Activity Diagram: Get ECG Data

3.2.1.6.1.1.1 Get ECG Data Specification

Use case hame Get ECG Data
Priority Essential
Participating actors Initiated by User
System interface Cell Phone, Microcontroller
Entry 3. getECGData
Entry condition 4. Current display in “ECG Data”.
Flow of events 6. Send command to microcontroller to acquire the data
7. Parse Values
8. Display them in the ECG Table.
Exit
Exit condition
Exceptions No Bluetooth connection

Special requirements
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