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Abstract

Now a days, remote human services frameworks
have gotten expanding consideration in the most
recent decade, clarifying why canny frameworks
with physiology signal checking for e-medicinal
services are a rising zone of improvement. Thusly,
this examination receives a framework which
incorporates consistent assortment and assessment
of different imperative signs, long haul medicinal
services, and a cell association with a clinical focus
in crisis case and it moves all gained crude
information by the web in typical case. The
proposed framework can persistently obtain four
distinctive physiological signs, for instance, ECG,
Sp0O2, temperature, and circulatory strain and
further transferred them to a clever information
examination plan to analyze anomalous heartbeats
for investigating potential interminable sicknesses.

The proposed framework additionally has a
benevolent online interface for clinical staff to
watch prompt heartbeat signals for remote
treatment. When unusual occasion occurred or the
solicitation to continuous presentation fundamental
signs is affirmed, every single physiological sign
will be promptly transmitted to remote clinical
server through both cell systems and web.
Additionally information can be transmitted to a
relative's cell phone or specialist's telephone
through GPRS. A model of such framework has
been effectively evolved and executed, which will
offer exclusive expectation of human services with a
significant decrease in cost for our general public.

I. Introduction

A healthcare system in the last decade was made
possible due to the recent advances in wireless and
network technologies, linked with recent advances in
nanotechnologies and ubiquitous computing systems.
The term telemedicine refers to the utilization of
telecommunication technology for medical diagnosis,

treatment, and patient care [1]. The aim of
telemedicine is to provide expert-based healthcare to
understaffed  remote  sites through  modern
telecommunication (wireless communications) and
information technologies. One of the benefits of
telemedicine is cost savings, because information is
less expensive to transport than are people. Advances
in medical technologies have led to accelerated
growth of the elderly population in many countries,
resulting in an increasing requirement for home
health monitoring to ensure that elderly patients can
lead independent lives [2].

Many physiological signals can be measured from
individuals in their living environments during daily
activities and are potentially applied to observe the
deviations of health status in the early phase or to
alert paramedics automatically in emergency cases
[3]. Especially for remote monitoring of
physiological parameters, all the studies developed
and currently used in this area can be categorized by
several aspects: type of sensors, type of data
communication, monitoring device, and signal
processing/medical algorithms [4]. So these aspects
along with recent studies will be discussed in this
section. As shown in Figure 1 the main telemedicine
system components in recent years include bio signal
sensors, processing units, data communication
networks, and medical service center.

The bio signal sensors are responsible for acquiring
the physiological data (patient’s vital signs) and
transmitting it to the signal processing unit. Several
studies are made focusing only on designing these
sensors to be tiny in size [5], maintain patient
mobility [6], and consume low operating power to
reduce battery size which can last for longer
durations [7].A collection of wearable medical
sensors could communicate using personal area
network or body network [8], which can be even
integrated into user’s clothes [9].At the next stage,
sensor layer of every remote monitoring system is
typically connected to the processing device for

162


http://www.ijasem.org/

(L..um INTERNATIONAL JOURNAL OF APPLIED
) SCIENCE ENGINEERING AND MANAGEMENT

28
Patient’s side Cellular ..
A ek <. HTTE Doctor
Bosignd sensos 7 ™

Processing unit (ﬂ
\E
l K

Communication GPRS [
unit S y
3 g 4
- Internet Doctor

TCpIp

l | |
T

! Home care unit Data communication [ Medical
server

Management unit
networks
Figure 1: Main components of telemedicine system.

Signal acquisition, processing, analysis, and
formatting data to be sent to the communication
layer. The processing unit may evaluate patient status
and trends in patient’s medical condition. Processing
unit can be PC [10], mobile phone [11], or embedded
system (microcontroller, DSP processor, and FPGA)
[12]. Many medical algorithms were developed in
recent telemedicine studies to help in patient
diagnosis [13] and early detection of cardiovascular
diseases [14]. Among human vital signals, pulse
assessment has long been a research area of interest
in the physiology field, because the pulse reflects a
person’s state of health [15]. Many investigations
have proposed monitoring systems that can measure
various bio signals and provide QRS detection and
arrhythmia classification [14], real-time ECG
classification algorithm [13], and heart rate
variability measurement [14]. Also recent advances
in wireless and network technologies make it possible
to develop a wireless telemedicine system which
offers an effective means of bringing healthcare
services to patients.

Telemedicine systems can be divided into two modes
of operations: real-time mode, in which patient data
are available at the server end immediately after
acquisition, and store-and-forward mode, which
involves accessing the data at a later time. In both
modes, the vital signs are transmitted via computer
networks [16], cellular networks [17], public
telephone networks [18], or cable TV networks [19]
to the server. In these system models, an expert is
expected at places where he/she can use a PC to
access the server for analyzing the vital signs data,
and the patient is bounded at a fixed place like home
or healthcare center where a PC is equipped for
transmitting these data. The use of wired network
connected PCs limits the degree of freedom of both
doctors and patients to move around. To improve the
mobility of the doctor, the global system for mobile
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(GSM) communication mobile telephony network
was used for connecting the server [20]. In [21],
Hung and Zhang implemented a wireless application
protocol (WAP) based telemonitoring system. It
utilized WAP devices as mobile access terminals and
allowed doctors to browse the monitored data on
WAP devices in store-and-forward mode [22]. In
such systems the improvement on the mobility of the
patient is much less, compared to the doctor.

1I. Literature review

In many previous telemedicine systems, the sensor
unit consisted of an ECG data acquisition circuit, an
A/D converter, and a storage unit. To provide a very
limited mobility of the patient, this unit was equipped
with an indoor, wireless transmitter for feeding the
monitored data to a network connected PC [18, 21].
A GSM modem was equipped with a PC for real-time
transmission of ECG data from a moving ambulance
vehicle in [23]. In [24], Rasid and Woodward
suggested a mobile tele monitoring system using a
Bluetooth enabled processor unit, which transmits the
monitored data to a Bluetooth mobile phone and
subsequently via the GSM/GPRS (general packet
radio services) network to the server. On the other
hand, Engin et al. [25] used a mobile phone to
transmit the measured ECG signal in real-time mode.
In these designs [24, 25], the mobility of the patients
improved. However, the analysis of ECG is not
performed in the place where the ECG is acquired;
for example, the ECG is analyzed at the server end.
In fact, there is a loss of efficiency in the use of the
GSM/GPRS network because normal ECGs are also
transferred, which implies a high cost. Lin et al. [26]
developed a mobile patient monitoring system that
integrates PDA technology and wireless local area
network (WLAN) technology to transmit a patient’s
vital signs in real-time to a remote central
management unit. The system was based on a small-
sized mobile ECG recording device which sends
measurement data wirelessly to the mobile phone
[27]. In the mobile phone, the received data is
analyzed and in cases of any abnormalities found
among parts of the measurement data, it will be sent
to a server. However, because of the limits of
processing units within the mobile phone, the overall
performance was hardly operated in an ideal
condition [28]. Delay in the data transmission might
also disrupt the data analysis and measurement.
According to the discussed components of the
telemedicine system, all systems developed can be
categorized by several.

Table 1: Set of telemedicine studies along with
aspects which each study concerns.
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C ication technology - "
Communication techadloBY vt slgorithm — Comments

ECG. BP HR

HR. SPO2,
TEMP, RESP.

Weight, activity
BP
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ECG v \ heart lity, im
PDA and GPS.

ECG

Pulse signal

ECG, HR,
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ECG,BR.HR
TEMP.

aspects: type of sensors, type of connection between
sensors,  monitoring/processing  device, data
communication technology, and signal processing
algorithms. Table 1 summarizes a set of telemedicine
studies in the last decades along with aspects which
each study concern.

I Proposed system

In this paper, we propose a wireless telemedicine
system which integrates sensor unit, processing unit,
and communication unit in one chip bounded to
patient’s body called

mobile-care unit. This will improve patient’s mobility
and will not affect active daily life during monitoring.
To lower the cost of using GPRS network, only
abnormal readings are transmitted so the proposed
system operates in two modes, store-and-forward
mode and real-time mode. In store-and forward mode
the care unit records and transmits patient’s vital
signs to the server through the internet. When an
abnormal heartbeat that the doctor concerns is
detected, the care unit transmits it to the server via
GPRS network in real-time.

The doctor at the server side could communicate with
the patient also by using SMS if necessary. The
proposed system also has a friendly web-based
interface for medical staff to observe immediate vital
signs for remote treatment which will give more
mobility for medical staff. The remainder of this
paper is organized as follows. The system is
described in Section 2. The proposed system consists
of a mobile-care unit and a server. The hardware and
software designs of the mobile-care unit are
described in Section 2.2. The system has been
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implemented and tested. Finally, Section 3 contains
some discussions and conclusions.

2. System Design

This section describes in detail the system design
based on physiological sensor, signal processing,
embedded system, and wireless communication and
World Wide Web technologies. Figure 2 illustrates
the architecture of the proposed system. Section 2.1
presents an overview of the system architecture.
Section 2.2 describes the system components and the
detail of the system operation. 2.1. System
Architecture. The aim of this study is to design and
implement a telemedicine system with intelligent
data analysis based on physiological sensors,
embedded system,
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Wireless communication, and World Wide Web for
vital signs monitoring, patient diagnosis, and home
care. Architecture of the proposed system is shown in
Figure 2. It mainly comprises the following parts.

(1) Mobile-care unit: it could be bound to patient’s
body and could acquire real-time or periodical vital
signs information without affecting their normal
activities. Then an intelligent data analysis scheme is
applied to identify abnormal pulses and transmits
these data to the remote server by wireless
communication through either internet in store-and-
forward mode for normal case or cellular networks in
real-time mode for abnormal case. The transmission
of patient data in real-time mode can also be operated
manually. Whenever the user feels uncomfortable, he
can transfer his current vital signs to the management
unit for advice or a checkup. By this way, the cost for
using the GPRS network is lowered because only
abnormal signals are transmitted. For possible long-
term store and- forward mode, the raw data can be
stored in the extended secure digital flash memory
contained in the mobile-care unit.
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(2) The remote server: it stores the received vital
signs in a human physiology database and displays
the physiology signals to the medical personnel
through application program for diagnosis. Also, it
enables remote access for caregivers and physicians
to obtain vital signs through web-based interface over
internet to monitor these data on their pervasive
devices. After examining the vital signs data, the
doctor can send a feedback MMS message to the
user. The message may contain medical advice
and/or a list of control commands to the mobile-care
device for resending the abnormal case’s vital signs
data. Also remote server may alarm family member
in abnormal case and call emergency service to
transport patient to nearest medical center.

(L..u :) INTERNATIONAL JOURNAL OF APPLIED
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(3) Pervasive devices: pervasive devices include
laptop, personal digital assistant (PDA), and mobile
phone. Through these terminal devices family
members or doctors can acquire abundant
information about the healthcare recipients anywhere
and at any time. 2.2. System Components. This
section details the system components of the
proposed emergency telemedicine system for patient
monitoring and diagnosis. 2.2.1. Mobile-Care Unit.
In the proposed system the mobile care unit was
designed to be portable and lightweight which means
it is easy to carry and easy to use making patients do
nothing. The mobile-care unit consists mainly of
three modules. These are mainly vital-sign signals
acquisition module, data control and processing
module (MCU), and data communication module.
Thus it can collect critical bio signals, including
three-lead ECG, HR, blood pressure, and SpO2
which are vital signs. Also, it may evaluate patient
status and trends in patient’s medical condition and it
may generate emergency alert if the patient’s
condition is critical. Moreover, it should support
wireless communication and be compatible with
global positioning information system to locate the
patient position for emergency help. Figure 3

ECG electrodes 1 . . Processing 1 GPRS \r
.A(q:‘ml.‘k}\‘ll module) module (MCU) module
shield V2.0 =N -
— [Filtering. amplification]| | ADC, processing,
Lemp. sensor controllingand || | Ethernet T
storing module [
BP. sensor 1=

Flash
Power supply unit memory

FIGURE 3: Mobile-care unit

N, e ) T, S
Figure 4: Block diagram of ECG acquisition
hardware.
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illustrates a block diagram of mobile-care unit. Also
mobile care unit includes local data storage which is
used for raw data recording together with signals
processing results.

(1) Vital-Sign Signals Acquisition Module. Vital-sign
signals acquisition module is responsible for
collecting vital signs and then sends it to processing
module for ADC, processing, and abnormal
detection. E-health sensor shield V2.0 is selected to
work as vital-sign signals acquisition module. This
module can continuously acquire physiological signs
like ECG, SpO2, body temperature, and blood
pressure as shown in Figure 3. All of vital signs
measurements will be noninvasive measurement.
Noninvasive measurement of vital signs certainly has
an advantage over its invasive counterpart due to the
ease of use and lack of risks involved in such
measurements.

ECG Sensor. An ECG is a bioelectric signal which
records the heart’s electrical activity versus time. The
electrocardiogram is obtained by measuring electrical
potential between two points of the body using
specific conditioning circuit. In the proposed mobile-
care unit ECG signals from the electrodes are
amplified with a gain of 300 and filtered with the cut-
off frequencies of 0.5Hz in the high pass filter and
100Hz in the low pass filter. The ECG signals are
typically ImV peak-to-peak; an amplification of 300
is necessary to render this signal usable for heart rate
detection and realizing a clean morphological
reproduction. A differential amplifier with gain of 20
avoids the noises overriding the ECG signals; this is
achieved by an instrumentation amplifier
(INA321EA), CMRR of 100 dB, and at the end an
operational amplifier (Analog AD8625) is used to
amplify the signal with a gain of 15.The ECG signals
are restricted in bandwidth of 0.5-100Hz using
second order Butterworth high pass and low pass
filters after the first stages of amplification. The
power line interference in the ECG signal is filtered
by a 50 Hz notch filter, which is user selectable to
avoid loss of 50Hz component of the ECG signals.
Then the ECG signal is fed to the analog input of
processing unit for digitizing and analysis. Figure 4
illustrates the block diagram

of ECG signal acquisition hardware.

Temperature Sensor. The temperature of a healthy
person is about 370C; it may slightly or temporarily
increase in hot environment or in physical activity; in
extreme effort, the increase may be very high. It is of
great medical importance to measure body
temperature. The reason is that a number of diseases
are accompanied by characteristic changes in body
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temperature. Likewise, the course of certain diseases
can be monitored by measuring body temperature,
and the efficiency of a treatment initiated can be
evaluated by the physician. An industrial CMOS
integrated-circuit temperature sensor shown in Figure
5(a) was chosen and connected to signal conditioning
circuit shown in Figure 5(b) to calibrate and amplify
the signal before feeding it to processing unit.

(‘., ,) INTERNATIONAL JOURNAL OF APPLIED
S

Blood Oxygenation Measurement (SpO2) and Heart
Rate. SpO2 or pulse oximetry is the measure of
oxygen saturation in the blood, which is related to the
heart pulse when the blood is pumped from the heart
to other parts of the human body. When the heart
pumps and relaxes, there will be a differential in
absorption of light at a thin point of a human body.
Oxygenated hemoglobin absorbs more infrared light
waves and allows more red light waves to pass
through. However, deoxygenated (or reduced)
hemoglobin absorbs more red light waves and allows
more infrared light waves to pass through. This
unique property of hemoglobin with respect to red
and infrared light wave allows oxygen saturation to
be detected noninvasively. Pulse oximetry is a simple
yet reliable method to measure oxygen saturation that
otherwise would have to be measured by invasive
methods. Red (660 nm) and
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b

SEMEOT circuit gain 100
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Figure 5: (a) Temperature sensor. (b) Signal conditioning

circuit.
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2) Data Control and Processing Module. Data
control and processing module is the heart of the
medical care unit. The main function of this module
can be divided into two parts: in the first part the
developed algorithm synchronizes, controls, and
maintains the accurate operation and communication
of all the other modules. In the second part the
developed algorithm digitizes and processes the
acquired vital-sign signals to determine if their
respective values are above the preset limit or not. If
any or all of these values are above their respective
critical values then triggering alarm is made. After
that all processed data is transmitted to
communication layer.

Processor : EEPROM Timer
core SRAM Jlash module
|
1}:?,{1;31  Serial Analo Interrupt
module l]n_;grdti]tg module controller
T T

Ll

We can summarize the main functions of MCU in the
proposed system as follows.

(1) It receives and digitizes the signals acquired from
vital sign sensors.

(2) It controls the operation of all connected modules
as shown in Figure 8.

(3) It processes the received signals using different
sorts of processing techniques and algorithms.

(4) It sets up a connection with the remote server and
transmits to it the analysis results and raw data using
communication techniques.

(3) It stores analysis results and raw data to flash
memory. Software Components of the Processing
Unit. The MCU

controls and coordinates all activities of mobile-care
unit. Figure 9 shows the workflow about the mobile-
care unit. Software has been written in C language to
simulate MCU and its components. It is based on the
following concepts.

(1) Sensor and module initialization component: it is
in charge of starting, initializing, and configuring the
medical care unit.

(2) Vital signs perception component: it acquires the
values of vital signs from sensor nodes.

(3) Vital signs processing component: it realizes data
conversion and processing and carries out patient
diagnosis by determining the health status of patient.
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(4) Information transmission component: data
exchange between mobile-care unit and server is
realized with the help of this component.

Table 2: Specification of various
physiological parameters monitored.
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Dhysological parameter Specifications Typice valuesforaverage healthy person

Frequency: 03 HZ-00HZ RWAVE ampliude 543 my
Amplitude 05-100my QRS complex: (0.04-0.2) msec

Heart rate (HR) 40-220beats per minute 610-100 beats/minute

Body temperafure Ne-40C About 75°C

Systolic: 0-300 mmH Systolc lss than 120 mmHg

Diastolc:40-140 mmHg Disstli:ess han $0 mmHg

Meastrement range: T0-100% Around 94% o 99%
Adults 12-24 breaths per minute

ECG

Blood pressure

Blood oxygenation (5p02)
Respiraory rae 1-50 bregth/min.

Vital signs acquisition circuit

GSM/GPRS module
I 3
MCU
Flash memary (PIC18f458)
Fthernet module
LCD/keypad module

Figure 8: Functions of MCU.

(1) Presentation Tier. The presentation tier allows the
authorized user to interact with the received patient’s
data through application program developed using C#
language. The interface design provides most of the
general as well as functional requirements as follows.

(1) Access constraints are applied all the time based
on the authorized user registered in the database.

(i) It includes lists of patients and personal
information about patients.

(i) It displays patients’ vital signals and sets
thresholds for each measurable parameter.

(iv) It alerts healthcare providers in abnormal cases.
(v) It adds new patient, new consultation, and drug
prescription.

(vi) It shows past medical records for all patients
including diseases, past surgeries, clinical findings,
past medication,

allergies, and images.

(vii) It provides search for all registered patients by
patient’s ID or patient’s name.

(viii) It shows notations (patient experience) while
taking measurements.

(ix) It sends messages including instructions for
patients and drug prescription.
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Figure 9:Work flow about mobile-care unit.

(1) store, retrieve, and update patient’s record
including his/her medical personnel’s contact
information and other details;

(i) store and retrieve the received physiological
sensor data transmitted by medical care unit;

(iii) store, retrieve, and update patient’s consultations
and drug prescriptions;

(iv) store and retrieve patient’s notation during
sessions;

(v) store, retrieve, and update registered doctors,
physicians, and nurses;

(vi) store, retrieve, and update the ECG data, record
time, location of the R wave, and estimated ECG beat
type. Figure 16 shows screen shot for how to search.

2.2.3. Monitoring Units. Web tier in the remote
server is designed to allow remote user to acquire
abundant information about the healthcare recipients
anywhere and at any time using pervasive devices
such as laptop, PDA, and mobile phone. Finally we
can say that the proposed system can operate in the
following three situations.

(1) Time-based connection: all data needed by the
remote caregivers or specialists should be uploaded.
Data compression is essential to limit the upload
time. In this situation the remote caregiver should
determine time schedule for uploading all patient data
to remote server. The time schedule is stored in the
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mobile care unit so it will upload data according to
this time schedule.

(2) Emergency connection: to lower the cost of using
GSM/GPRS network we develop algorithm which
detects abnormal heartbeats. So during sensor
monitoring, if the mobile-care unit detects an
abnormal condition it sends the collected data to the
remote server in order to receive clinical assessment
and treatment planning.

(3) (Event awareness) connection on demand: the
mobile-care unit uploads the amount of data
requested by the remote caregivers or specialists to
monitor the health status of the patient.

Iv. Conclusion and Future Scope

This paper proposes the plan and usage of a remote
telemedicine framework, in which all physiological
crucial signs are transmitted to remote clinical server
through both cell organizes in crisis case and web in
ordinary case for long haul checking. By this, the
expense of utilizing GSM/GPRS arrange is decreased
as just unusual cases will be transmitted through cell
organize. Likewise the proposed framework exhibits
well disposed electronic interface for clinical staff to
watch prompt imperative signs for remote treatment.
Contrasting this framework and different frameworks
which are referenced in the presentation [18-28], the
proposed framework coordinates sensor unit,
handling unit, and correspondence The ebb and flow
exercises in what is named as the 4G versatile
systems guarantee universal access to varying radio
system innovations, accordingly offering, past
broadened inclusion, additionally the best association
mode at the purpose of contact, in any event, utilizing
all the while more than one remote access
advancements and flawlessly moving between them.

The utilization of finding frameworks, for example,
the worldwide situating framework (GPS), the
geological data frameworks (GIS), and shrewd traffic
control frameworks likewise can possibly improve
social insurance administrations, for instance, when a
moving rescue vehicle is attempting to arrive at a
patient utilizing the quickest course or when an
emergency vehicle conveying a patient is attempting
to find a workable pace medical clinic. Irreconcilable
circumstance
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