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Abstract: Due to elderly aging problems, increased cost of regular screening and continuous patient
monitoring, there is a clinical need for practical patient monitoring in or out of hospital, and to
continuously provide warning in case of sudden changes in patient status. The aim of this paper is to
design a framework for ubiquitous patient monitoring and signal analysis by exploiting a powerful
Cloud Application (with high efficiency, wide accessibility and high scalability on the server side),
while constructing a cost-effective, ubiquitous and portable system on the consumer side so that a
common man can afford it. The portable device can be used to monitor an individual in case of any
sudden changes in a person and display the results via a commonly available Smartphone in
real-time. The data can also be saved and sent to hospital or the people concerned through SMS,
Email, or Cloud to the analysis center (Cloud Application Center), which analyzes the data on the
database and classifies patient disease to inform doctors to make further diagnoses and take an
action in fast and efficient manner. This study designed and evaluated an integrated software and a
wearable device to acquire vital sign data from temperature sensors, heartbeat sensors and
Electrocardiogram (ECG). The evaluation results showed the suitability of the wearable device with
Cloud data services that increases system performance and accessibility worldwide for ubiquitous
monitoring of vital signs.
Keywords: Electrocardiography (ECG), Heartbeat, IOIO-OTG, Cloud Computing, Wearable
Device, Android

1. Introduction
Cardiovascular diseases are a major cause of mortality with over 37%of all deaths [1]. The high
mortality rate and the high rate of disabilities in survivors are a social and economic burden [1].
Furthermore, the average life expectancy is continuously increasing in many countries [1], for
example, the average life expectancy is over 80 in Canada according to Statistics Canada. The cost
of health care to sustain the well-being of the elderly population in the west has also increased
dramatically [1]. This requires continuous monitoring of patients and the elderly in or out of
hospital, as well as an alerting system in the case of sudden changes in the state of the a patient's
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health or a follow-up of the monitoring of patient vital signs. Early information could improve the
care cycles and lower the side effects and timely therapy may prevent or reduce disabilities. These
social and health issues can be diminished by developing a real-time ubiquitous patient monitoring
system and introducing a smart way of monitoring patients and the elderly.
The third phase of the internet after World Wide Web and the mobile Internet is Internet of
things technologies. Internet of things (IoT) is a new paradigm that makes daily object (equipped
with sensors) to be low-power, low-cost and fully internet connected via sensors and
microprocessor chips. IoT sensors and affordable IoT devices link physical and virtual objects
through a newly extended IPv6 architecture in Global Network of Interdisciplinary Internet.
Numerous studies have been published by other authors on remote patient monitoring and the
design of vital sign monitoring devices [2-5]. A Wireless Body Area Networks (WBAN) system for
ambulatory monitoring of physical activity and health status was developed by Jovanov et al. [6].
They developed a standard platform using common off-the-shelf wireless sensor platforms
including ZigBee-compliant radio interface, an ultra-low-power microcontroller, an accelerometer,
an accelerometer circuit and bioamplifier for Electrocardiogram (ECG) monitoring [6]. Anliker et
al. developed a wearable multi-parameter medical monitoring and alert system. The system was a
wrist worn remote monitoring device with a single lead ECG monitoring. Oxygen saturation,
temperature and blood pressure were measured using this device. All the measured data was sent to
an online medical mission control station using a global system for mobile (GSM) communication
protocol [7]. EL-Aty [8] developed a wireless wearable body area network (WWBAN) for elderly
people for long-term health monitoring, and used heart rate and blood oxygen sensors to measure
heartbeat and blood oxygen saturation. The author used an IOIO board as his microcontroller unit to
interface with an Android Smartphone via a Bluetooth connection [8]. However, these devices did
not classify cardiac diseases or display proper ECG features that make sense and are suitable for
extracting ECG features to perform automated disease classification as required by [18] for the
intended patient monitoring outside of hospital.
The aim of this study is to design a cost-effective framework for a wearable device and Cloud
computing to monitor patient vital signs remotely without staff supervision and warn designated
staff automatically using Cloud Application Services. To achieve this, we built a cost-effective,
non-invasive, portable and ubiquitous wearable device and developed software applications to relay
patient vital signs continuously to a designated center through a Smartphone and Cloud application.

2. Methodology
2.1 Overview
A cost-effective framework is designed for ubiquitous patient monitoring and analysis. As shown in
Fig. 1, a portable wearable device accumulates the patient data (vital signs) acquired from sensors
attached to a patient body. These sensors are connected to a specially designed IOIO board, which
collects data and transfers them to a Smartphone. The temperature sensor measures patient body
temperature and pulse sensor acquires heartbeat data. ECG provides the electrical activity of human
heart. The application running on the Smartphone can accumulate the sensor data via a Bluetooth
connection from the board. After accumulating the data, it sends them to the Cloud Data Center
simultaneously to store the data. After this point, the analysis center (Cloud Application Center)
analyzes the data on the database and classifies patient disease to inform clinicians to take an action.
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Figure 1. A generic functionality and procedure for Smartphone and Cloud based patient
monitoring and signal analysis.
CDS stands for Cloud Data Services, and CAS stands for Cloud Application Services.

2.2 Framework Design
The proposed framework in Fig. 2 consists of (i) a portable wearable device placed on a patient’s
body including biomedical sensors, a custom design microcontroller and a power unit, (ii) a
Smartphone that uses internet or wireless connectivity to collect the patient data, (iii) Cloud Data
Service that store patient data, and (iv) Cloud Application Services that analyze patient data and
deliver notification on patient vital sign changes to designated (end) users such as doctors, patients
or designated staff through Cloud.

Figure 2. A framework showing the proposed patient monitoring based on portable wearable device,
Smartphone and Cloud with their operational principles.

The hardware wearable device includes biomedical sensors, a IOIO board (a PIC microcontroller-based board), a power source and a Bluetooth module. While the software section
consists of software programs that operate those sensors, the IOIO board and the Smartphone, as
well as the communication between them and software analyzer to extract or mine features of
patient vital signals.
An Android based patient application is developed for a Smartphone to collect sensor data
from patients located anywhere at the first stage. The collected patient data in Android phone is sent
to a custom web server application through any available internet connection (i.e. 4G or Wi-Fi).
Then, the data server accumulates the patient data through Cloud and analyzes them with the help
of powerful servers to monitor designated (end) users in real-time. These collected data are
packaged properly in HTTP standards, with a known IP address of the PC, when the acquired data is
sent. The developed special web server application helps to access and store data in the database
server on the PC. Cloud offers many different features and pricing opportunities with their powerful
APIs. Using a Simple Object Access Protocol (SOAP), APIs store data in Cloud easily in the mobile
device.
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2.3 Portable wearable device
The portable wearable device consists of IOIO development board, a Bluetooth adaptor, and three
types of biomedical sensors (heart bit, temperature and ECG). These sensors are analog sensors that
have a simplicity in writing programs and establishing a communication between the sensor and
microcontroller. Analog sensors are also cheaper than digital sensors for our project. These sensors
are used to collect raw signals from a human body and send them to the microcontroller unit of the
IOIO board. The microcontroller unit transmits the data through a Bluetooth dongle to the
Smartphone, which displays the output values graphically and numerically. The data are stored at
the Cloud Data Services, but they can be saved to an SD card of the Smartphone.
IOIO-OTG board: IOIO-OTG [9] is a PIC microcontroller-based board designed for Android
devices with the capability of interfacing with external hardware (sensors) using various common
protocols (i.e. Bluetooth). The IOIO contains a single PIC24FJ256GB210 family microcontroller
[9] that acts as a USB host and interprets commands from an Android application [10]. The IOIO
board also supports both USB cable and Bluetooth module. In order to acquire sensor readings, I/O
capability of sensors and its compatibility with IOIO is required because different sensors have a
number of output protocols. The developed Android application runs on a Smartphone, after the
program is installed to the IOIO board by connecting it to the Smartphone via a USB cable or
Bluetooth dongle.

Figure 3. The hardware architecture of the portable device for patient data acquisition, and server
communication for data collection and processing via a Smartphone.

Bluetooth adaptor: The Bluetooth adaptor (PL-5824) was used to establish wireless
communication between the microcontroller and the Smartphone. The operating range (100 M),
frequency band (2.4 GHz), maximum data rate transfer (1 MB) and sensitivity of the Bluetooth
were found suitable for this study.
Power source: The power source consists of a lithium battery with a capacity of 300 mAh and
a normal voltage of 3.7 V. We connected two of them in series to produce a total of 7.4 V. The IOIO
board has input voltage ranges from 5–15 V, and output voltages of 3.3 V and 5 V. The expected
battery life is 18 hours. Nokia charge adapters also can be directly connected to the board as an
external extra power source during a test analysis, although it is not suitable for a mobile patient.
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Electrocardiogram (ECG) sensor: ECG sensors are analog sensors used to monitor the
electrical activity of the heart. To measure the electrical activity, we used three electrodes such as a
positive, a negative and ground (GND) in order to form an electrical circuit. To produce the most
useful information, we followed the optimized lead placements proposed by [11], who showed the
points where each lead is arranged and measured. The three-lead ECG system based on three
bipolar leads form the Einthoven’s Triangle. The three leads consisted of two “active” and one
“inactive” (earth). Lead I was used to measure the electrical potential between right arm (-) and left
arm (+), while lead II was used measure the electrical potential between right arm (-) and left leg
(+) [8]. Lead III was for electrical potential between left arm (-) and left leg (+) [12,13]. The two
active leads were connected to in/out pins of 40 and 38 on the IOIO board. The inactive lead can be
arranged anywhere suitable on the body [14] and was connected to GND on the IOIO board.
Pulse sensor: Pulse (heartbeat) sensor was used to measure heart rate in a simplistic way by
monitoring the flow of blood through the earlobe or a fingertip. The acquired signal is amplified,
inverted and filtered using a designated circuit on this sensor. The connections to the IOIO board are
as follows: red wire to 3.3 Vin, black wire to GND and purple wire to pin 36.
Temperature sensor: The temperature sensor is an integrated circuit sensor that can be used to
measure temperature with an electrical output proportional to the temperature. It is a low voltage
precision centigrade temperature sensor [9]. TMP36 has 3 pins. The left pin ( ) is the input
voltage connected to 5 V pin on the IOIO board. The middle pin (
) is the analog output voltage
that is connected to pin 36 of the IOIO board. The right pin (GND) is the ground pin of the IOIO
board. The process of converting the voltage to temperature is based in the formula:
, where voltage is in mV.
Customized Package design: a portable package was designed according to ergonomic design
principles and guidelines to practically monitor elderly people and patient status periodically
without impeding their normal activities. The customized package that contains the hardware device
was made from special hard plastics that are placed on the upper arm (biceps) with an adjustable
belt that looks like a blood pressure monitor, as shown in Fig. 4. The upper arm is close to all
sensors connecting interested points on the body so patients can lay down, walk, stand or sit without
their movement affected by the wearable device. The customized package has an aesthetic style that
resists hand shaking and is comfortable and adjustable.

Figure 4. A customized package and the interface between the wearable device and a patient body.
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2.4 Android Software Design
Android APIs provide powerful functionality on application development and support Java
language features. Thus, we exploited the capabilities of the Android platform software [15]. An
AndroidManifest.xml file provides information for the device to run the application in Android as
shown in Fig. 5B with an example of activity and configurations. Fig. 5B shows the GUI of the
Android application that patient data are collected from sensors using the developed Android based
patient application. The software tools are Android Developer Tools (ADT) Bundle with Eclipse
IDE [15] on a computer and Git server (Gitlab.com) to deploy the project which provides a
collaborative working environment on the project and stores the history of changes in the project.
The ADT Bundle includes Eclipse (plus ADT plugin) Android SDK Tools, Android Platform tools,
the latest Android platform and the latest Android system image for the emulator.
The SensorMain.java in Fig. 5B includes the main sensor activity window (Fig. 5A) that
collect all the sensor data, show graphs and texts, and set a time interval for sensor data collection.
The Android application code was written in java language to collect and monitor sensor data. The
developed application monitors and controls all the components and peripherals (sensors) connected
within the portable wearable system. The patient data are collected with the help of some third party
libraries including IOIOLibBT [19], which is an official library for the IOIO board to communicate
and transfer data from the IOIO board to the Android device. To acquire sensor data from any
analog input, analoginput.getVoltage() function [19] was used that returns a float number between
0-5.5 V. This library was used to develop functionality on the IOIO board via a Bluetooth protocol.
The Android application was also designed to have additional email functionality.

(A)

(B)

Figure 5. (A) A graphical user interface (GUI) of the Android application and various functionalities
used for patient data acquisition and monitoring.
Figure 5. (B) AndroidManifest.xml file that provides information for a device to run the application in
Android - an example of activity and configurations.
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2.5 Storing and Analyzing patient data through Cloud
The fundamental principles of Cloud idea and one objective of this study are maximizing
effectiveness, minimizing the cost, and accessibility. The growing Cloud industry can provide many
services (i.e. database, web server, machine learning) on different service models (i.e. Software as a
Service, Platform as a Service). Therefore, Cloud was chosen as a solution for storing and analyzing
various data because of cost-effectiveness, worldwide accessibility, high computing capabilities and
scalability against increasing number of patients. Cloud service providers present different web
service APIs via Simple Object Access Protocol (SOAP), which is designed to exchange structured
information. It relies on XML message format and Hypertext Transfer Protocol (HTTP) for message
transmission [16].
In this system, the collected biomedical sensor data in each android device are sent to Cloud
data services periodically (1-10 min) to store in a suitable data structure. The stored data is then
used by big Cloud computing services for analyzing disease features or abnormalities with the help
of developed analysis application. On the other hand, another web application on Cloud uses the
analyzed results of patients to present them to end users.

3. Results
To evaluate the first prototype of the system and measure the vital signs continuously, five healthy
male volunteers (instead of actual patients) were asked to perform different activities as listed in
Table 1.
Table 1. The recorded details of healthy male volunteers.
Age
(years)

Weight (Kg)

Height
(m)

Volunteer 1

30

83

1.74

Volunteer 2

26

84

1.8

Volunteer 3

32

61

1.72

Volunteer 4

32

70

1.71

Volunteer 5

28

69

1.68

To ensure if the device is functioning as required, four different test scenarios (Table 2) were
carried out on these volunteers based on sitting (resting), standing (firm), lying-down (relaxing) and
after running (3 minutes).
Secure authentication was required in order to ensure privacy of the individuals, so a password
is required by the Android application to login when the application is started from the Smartphone
before taking vital sign data from these volunteers. The patient data is securely registered and stored
in this application (Fig. 6A), so only designated users can access them. Due to the common HTTP/S
based Cloud, user communication is secure from any internet connected data server and android
device. The pulse sensor for heartbeat measurement was placed at the fingertip. The temperature
sensor was placed in the armpit. Then the application was open on the Smartphone after powering
the device. The Bluetooth of the Smartphone was switched on so that the connection is established
wirelessly between the two devices. The Bluetooth asked for the IOIO connection password and the
connection is established after the password is entered. Fig. 6B shows measurement data
graphically and numerically acquired from the patient monitoring device based on body temperature
heartbeat.
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(A)

(B)

Figure 6. Screen short while testing temperature and heartbeat on the Android phone:
(A) patient registration; (B) Android application GUI for data acquisition and monitoring.

It can be observed from Table 2 that the heart rate varies depending on the volunteers’ activity.
Each scenario provided its own information to indicate the system response to patient displacement
scene. The normal heart rate for an adult is 60 - 100 bpm. From the results, the test measurements
that we obtained from both ECG and heartbeat sensors fall within the normal ranges. For all those
tests, we conducted data recording and sent them to the data server via Cloud.
Table 2. Heart rate values (bpm-bit per minute) obtained from the pulse sensor.

Scenarios

Sitting

Standing

Lying-down

After run

Volunteer 1

88

93

78

104

Volunteer 2

84

87

80

98

Volunteer 3

73

81

62

84

Volunteer 4

79

80

77

102

Volunteer 5

68

71

61

90

The results of the temperature measurement obtained from the test clearly vary with different
scenarios within the normal body temperature range (
either above or below
). However,
the average normal temperature also changes within the day depending on the activity of that
person.
During the experiments, the data was stored in the volunteer’s Smartphone. We send HTTP
post request from the device to the data server, which worked on 192.168.42.176 and port number
140000 on this example to send the data from the device. The output data from biomedical sensors
are float data type which is 4 bytes in a device memory. ECG and pulse sensors were evaluated at
shorter time intervals with data points acquired continuously from each sensor at 100 milliseconds
intervals, while thermometer data was collected in longer time intervals (every minute). Thus, total
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transferred data was approximately 30-35 Megabytes per day. However, transfer speed is mainly
related to the connection bandwidth of an Android device. When this device is connected to a
wireless with 3 MB of upload and 10 MB of download capacity, the total time for data transfer is
about 2-5 minutes per day depending on data acquisition intervals.
For a scenario where a mobile device may not be able to find a fast internet connection like 3G
or Wi-Fi, the transferring mechanism on the Android application was adapted to wired connection
(USB cable to connect IOIO board to USB-wired internet) which also has a higher bandwidth that
can adjust the uploading period of data accordingly.

4. Discussion and Conclusion
Internet of Things is a promising approach for remote patient monitoring in a healthcare system.
This technology uses the ability of connectivity with low-power and low-cost modern sensor chips.
Commonly used Smartphones can be well-suited to accumulate sensor data and transfer the
acquired data with several interfaces like Bluetooth and 4G. The patient data can be centralized in
the cloud for general operations so that a designated physician can access them, which makes data
collection and processing cost-effective, and can meet the needs of the elderly and patients.
To provide a platform for integrative and ubiquitous patient monitoring, we proposed a
cost-effective framework and designed a prototype of a wearable monitoring system that
continuously measures body vital signs (temperature, heartbeat and ECG). The developed Android
application running on the Smartphone can accumulate vital sign data via the Bluetooth connection
on the IOIO board. The Android Smartphone sends the accumulated data to a designated data
server, which saves the data on the server database and monitors sensor data on the patients’
Smartphone.
The prototype design of the wearable device was tested to monitor vital signs of healthy
individuals including heart rate, temperature, and ECG, ubiquitously. In our experiment, we tested
connection and data transmission between the Smartphone and the standard PC (data server) in the
same network. On the other hand, the monitoring was achieved by adding monitoring functionality
to the server application. Due to the common HTTP/S based Cloud, user communication is secure
from any internet connected data server or Android device, while a password is required by the
Android application to login when the application is started from the Smartphone. The patient data
is securely registered and stored in this application, so only designated users can have access to
them.
This work is mainly about a feasibility study, so we only monitored the vital signs of healthy
individuals including heart rate, temperature, and ECG remotely and ubiquitously, although we
intended to use it on patients and the elderly population. Overall, the user experience on this
wearable device is satisfactory and it did not affect the volunteers’ activities. In terms of power
consumption, since the wearable device has low power consumption, it provided a long battery life.
However, the use of the device is also restricted by power consumption of the Smartphone. Overall
success in test evaluation in terms of connectivity and speed shows that Cloud data services
increase system performance and worldwide accessibility, making patient follow-up easy with
immediate data access.
The system is cost-effective, portable, easy to use, and ubiquitous, since the main component
of the system is a commonly used Smartphone (or tablet). Since the wearable device is expandable
and maintainable, it can be upgraded with different IOIO compatible sensors including Airflow
sensor for breathing, SpO2 sensor for blood oxygenation, Accelerometer to measure patient
position. Those sensors can be added without changing the structure of the software or hardware.
Although testing of the ECG produced similar heartbeat in our study, the ECG signal feature
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was not good enough as it contained too much noise (baseline wander/low frequency noise, power
line interference, noise due to muscle movement and other interference from other equipment), so it
did not produce a proper ECG feature required by [18] even after post-processing. The automatic
classification of myocardial infarction (MI) was not integrated in this study, but automatic cardiac
disease classification was continued as a separate project using publically available off-line clinical
ECG data [17]. An automatic classification of heart diseases on Cloud Application Services is one
of the interesting and the most beneficial aspects of remote patient monitoring. However, according
to our observation/survey on the ECG signal features, majority of the published papers did not show
a proper ECG feature that meets this requirement for disease classification [18].
To classify cardiac diseases (MI), ECG features are selected from pre-determined time and
scale intervals that correspond to Q-pattern, ST elevation / depletion, T inversion which carry the
features / characteristics for the MI. The other examples of contiguous leads in 12-lead ECG are as
follows, where the ST-T changes on those leads reflect Myocardial Infraction (heart attack) on
certain parts of the heart [18]. For example, I, avL, V5 and V6 represent lateral wall of the left
ventricle; II, III and avF are for inferior wall of the left ventricle; V1 and V2 are for septal part of
the left ventricle; V3 and V4 are for anterior wall of the left ventricle; V1, V2, V3 and V4 are for
anterolateral wall. Future developers should consider those facts and the urgent clinical need for
automatic detection and classification of cardiac disease. The acquired ECG signals from wearable
patient monitoring devices should conform to proper ECG features as required from [18] to perform
cardiac disease classification automatically for intended patients or the elderly outside of hospital.
Based on the properly acquired ECG signals, doctors can decide the cardiac status of patients to
take an action during an emergency situation.
The cost of the wearable device (including the IOIO board, 3 sensors and battery) was about
$100 dollars, which is cheaper than other existing products (i.e. QardioCore ECG Monitor: $449,
AliveCor Kardia Mobile ECG). IoT also has been used in many areas in both academia and industry
in a short period of time [20]. In recent years, the latest improvements in e-Health with this new
paradigm makes patient monitoring feasible. The combination of cheap IOT sensors like Bluetooth
and WiFi will allow successfully transferring patient data. Thus, patient monitoring is becoming a
main interest of several global medical companies (i.e. Philips Medical, Apple, AliveCor) and they
are actively working in this area as it is the need of society especially due to elderly aging problems
and increased cost to monitor patient health in many countries. A faster detection of these life
threatening events and an earlier start of therapy could help clinicians better diagnosis and treat
their patients to save many lives and reduce successive disabilities eventually.
In the future, we will apply the disease classification algorithm [17] to ECG signals from the
patient monitoring system after we meet the requirement of [18,12] for ECG disease detection and
classification. We will also increase the reliability of the patient monitoring software as well
runtime registration and deletion of users to deliver notification or warning, quickly and
automatically to the hospital patient monitoring system when vital signs of a patient change
adversely.

~ 25 ~

© 2016 Academic Research Centre of Canada

Acknowledgement
The authors thank Mr. Zahit Gök, Mr. Tuncay Orak and Mr. Abubakar Abdullahi for their
technical assistance and fruitful discussions during this project.

References
[1]. WHO World Health Statistics, 2016. Available online:
http://apps.who.int/iris/bitstream/10665/206498/1/9789241565264_eng.pdf
December 2, 2016).

(accessed

on

[2]. Serhan Dağtaş, Georgiy Pekhteryev, Zafer Sahinoglu, Hasan Cam, Narasimha Challa,
“Real-Time and Secure Wireless Health Monitoring,” Int. J. Telemed. Appl. 2008.
[3]. Amna Abdullah, Asma Ismael, Aisha Rashid, Ali Abou-EINour and Mohammed Tarique, “Real
Time Wireless Health Monitoring Application using Mobile Devices,” IJCNC, Vol.7, No.3,
May, 2015.
[4]. Junaid Mohammed, Chung-Horng Lung, Adrian Ocneanu, Colin Jones, Andy Adler, “Internet
of Things: Remote Patient Monitoring using Web Services and Cloud Computing,” IEEE Int
Conf Internet of Things 2014 (iThings 2014), Taipei, Taiwan, Sept 1−3, 2014.
[5]. Andreas Lorenz, and Reinhard Oppermann, "Mobile Health Monitoring for the Elderly:
Designing for diversity", Pervasive and Mobile Computing, vol. 5 no. 5, pp. 478 – 495, 2009.
[6]. Emil Jovanov, et al. “A WBAN System for Ambulatory Monitoring of Physical Activity and
Health Status,” Conf Proc IEEE Eng Med Biol Soc. 2005.
[7]. Urs Anliker, et al. “A wearable Multiparameter Medical Monitoring and Alert System
(AMON),” Information Technology in Biomedicine, IEEE Transactions, Vol. 415-427, 2004.
[8]. Amr Abd El-Aty, “Wireless Wearable Body Area Network (WWBAN) for Elderly People
Long-Term Health-Monitoring,” Arab Academy for Science, Technology and Maritime
Transport (AASTMT), Egypt, 2013.
[9]. IOIO, Sparkfun Electronic, available online: https://www.sparkfun.com/products/13613.
[10]. Simon Monk "Making Android Accessories with IOIO", Published by O'Reilly Media, Inc.,
1005 Gravenstein Highway North, Sebastopol, CA 95472, United States of America, February,
2012.
[11]. Jason Waechter, “Introduction to ECG’s Rhythm Analysis,” July, 2012.
[12]. Malcolm S. Thaler, “The Only EKG Book You'll Ever Need,” 5th Edition, Lippincott Williams
& Wilkins, 2007.
[13]. Aswini Kumar, “ECG in 100 Steps”
http://www.lifehugger.com/doc/120/ecg-100-steps.

March,

2009,

available

online:

[14]. Univ. of Maryland, School of Medicine, Emergency Medicine “Lead Placement,” June, 2011.
Available
online:
http://web.archive.org/web/20110720090219/http://davidge2.
umaryland.edu/~emig/ekgtu03.html.
[15]. Android Studio (ADT Bundle with Eclipse IDE and Android SDK), available online:
http://developer.android.com/sdk/index.html.
[16]. E.-M. Fong and W.-Y. Chung, “Mobile Cloud-Computing-Based Healthcare Service by

~ 26 ~

Computer Communication & Collaboration (2016) Vol. 4, Issue 4: 16-27
Noncontact ECG Monitoring”, Sensors, 13(12), Dec. 2013, pp. 16451-16473.
[17]. Yasin Yazıcı, Yasin Mamatjan, "A Robust and Realistic Framework for Clinical Classification
of Myocardial Infarction,” IUPESM 2015: World Congress on Medical Physics and
Biomedical Engineering, 2015.
[18]. Kristian Thygesen, Joseph S. Alpert, Allan S. Jaffe, et al. “Third universal definition of
myocardial infarction,” J Am Coll Cardiol. 2012; 60:1581-1598.
[19]. Ytai, GitHub, Inc. Available online: [US]. https://github.com/ytai/ioio/
[20]. Harald Sundmaeker, et al. "Vision and challenges for realising the Internet of Things." Cluster
of European Research Projects on the Internet of Things, European Commission (2010).

~ 27 ~

