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ABSTRACT

Remote health care monitoring system (RHCMS) has drawn considerable attentions for the last decade. As
the aging population are increasing and at the same time the health care cost is skyrocketing there has
been a need to monitor a patient from a remote location. Moreover, many people of the World are out of
the reach of existing healthcare systems. To solve these problems many research and commercial versions
of RHCMS have been proposed and implemented till now. In these systems the performance was the main
issue in order to accurately measure, record, and analyze patients’ data. With the ascent of wireless
network RHCMS can be widely deployed to monitor the health condition of a patient inside and outside of
the hospitals. In this work we present a ZigBee based wireless healthcare monitoring system that can
provide real time online information about the health condition of a patient. The proposed system is able to
send alarming messages to the healthcare professional about the patient’s critical condition. In addition
the proposed system can send reports to a patient monitoring system, which can be used by the healthcare
professionals to make necessary medical advices from anywhere of the World at any time.
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1. INTRODUCTION

Over the recent years remote health care monitoring systems for the elderly people have drawn
considerable attentions. According to UNFPA, the global population is no longer young for the
first time in the history [1]. Population ageing is affecting the entire world and is happening in all
regions. But, it is progressing at a faster rate in the developing countries. Seven out of the fifteen
countries in the developing world have more than 10 million old people. By the year 2050 another
fifteen developing countries are expected to have 10 million old people. It is worthwhile to
mention here that the average life expectancy in the United States was 47.3 years in 1900. But, it
has increased to 68.2 years and 77.3 years in 1950 and 2002 respectively [2,3]. People are living
longer because of better nutrition, sanitation, medical advances, education, economic well-being,
and health care. Population ageing poses challenges to individuals, families, and societies. By
adopting proper policies societies should be prepared for an ageing world. Overall, the older
people should not be considered as a burden for the society. Their wisdom, energy, and
experience are added advantages for us to take care of the challenges of the 21* century. In order
to keep the ageing population healthy we have to deal with some challenges. The major challenge
for us is to keep them healthy with our limited resources. Although numerous groundbreaking
achievements have been noticed in the health care sector for the recent years, the health care
expense is still sky high and it has become an issue that even the developed countries are worry
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about. According to the data provided by the Kaiser Family Foundation [4] the per capita
expenditure of the health care is increasing at an exponential rate in some countries as shown in
Figure 1. With such a high and continuously increasing healthcare expenses, medical care for the
ageing people is becoming progressively challenging. One of the reasons for this high medical
expense is hospitalization cost. The senior citizens are the most frequent visitors to the hospitals.
They visit the hospitals for their medical treatment. Sometimes they have to stay there for a
certain period of time for follow up of their medical treatment. Their staying in a hospital not only
incurs expenses, but also incurs loss of patient’s mobility. Remote Health Care Monitoring
System (RHCMS) has been proposed as a solution to this problem. The main concept is to
monitor a patient from a remote location and to provide her/him with necessary medical advices.
The RHCMS has numerous advantages compared to conventional healthcare systems. Some of
the advantages include (a) monitoring a patient, (b) responding to an emergency, (c) assisting
patient mobility, (d) shortening hospital stay, and (e) reducing medical expenses. By using
RHCMS the physical conditions of the patients can be monitored for twenty hours a day and
seven days a week. The emergency services can be provided to the patients with a minimum
delay. The patients can be served without going to a health care facility and admitting there. The
healthcare professional can perform the follow up from a remote location and hence a patient
needs to stay in a hospital for a short period of time. In a nutshell RHCMS reduces expenses
related to the medical services.
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Figure 1 Per capita health acre expenditure of the World

Most of the proposed RHCMSs are based on wireless technology. The evolution of the wireless
network has experienced a very fast-paced. Since the introduction of the IEEE 802.11 protocol
wireless networks have experienced a huge market demand. Within the four years of the
introduction wireless networks became very popular because of its portability, convenience, ease
of installation, and low cost [5]. In that time period about 7.5 million households in the United
States deployed wireless network. Wireless networks and medical sensors have been combined in
RHCMS. There have been many medical sensors available in the market. Most of the sensors can
measure and display critical health monitoring data such as the pulse rate, blood pressure,
temperature, and blood sugar of a patient. One of the limitations of the proposed RHCMS is its
limited coverage area. The measured data cannot be transmitted beyond a certain distance. Thus,
it is not possible for the healthcare professionals to monitor the medical conditions of a patient
from a distant location. In a hospital either the nurse or the physician has to move from one
patient to another patient for monitoring them. Hence, it may not be possible for them to monitor
a patient’s health conditions all the time. This situation can be even worse when they have to take
care of a large number of patients in a hospital at a given time. In order to overcome the above
mentioned limitations an on-line health monitoring system has been proposed in this work. The
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proposed system can monitor the temperature, pulse, muscle, and ECG data of a patient. The
proposed system has been designed by using the ZigBee technology. A major portion of this
system has been implemented in LabView. Hence, the proposed system is reconfigurable as per
users’ need. The proposed system has been tested and verified in order to ensure its accuracy and
reliability. The system consumes a very low power. The system consumes a very low power
because it transmits signal only if the monitored parameters (i.e., temperature, heart beat rate etc.)
go outside their normal ranges. Otherwise, the system puts the transmitter into a sleep mode to
save energy. Hence the proposed system has a long operating life. The rest of the paper is
organized as follows. Section 2 presents some related work. The system model of the proposed
RHCMS has been presented in section 3. The implementation and results have been presented in
section 4. This paper is concluded with section 5.

2. RELATED WORKS

Numerous prototypes for remote health care system can be found in the literatures. Since this
work is based on the ZigBee technology, we focus only on the remote health care systems that
have been designed based on the ZigBee technology.

One of the early works on health care monitoring system has been proposed in [6]. The proposed
system is suitable for patients, senior citizens, and others who need continuous monitoring of their
health. The proposed system can monitor the ECG signals of a patient based on Session Initiation
Protocol (SIP) and a ZigBee network. The system consists of a wireless ECG sensor, ECG
console, ZigBee module, SIP register, a proxy server, a database server, and wireless devices.
Simultaneous monitoring of the biomedical signals from multiple patients has been addressed in
[7]. The proposed network is based on IEEE 802.15.4 standard and the ZigBee technology. The
authors have proposed an optimized source routing protocol to control the network load. Some
other issues including energy consumption, network lifetime, and delivery ratio have also been
addressed in the same work.

An intelligent remote healthcare system based on power line communication and the ZigBee
network has been proposed in [8]. The system consists of physiological sensors, a ZigBee/PLC
gateway, and some special software. The physiological data are collected by the physiological
sensor and are sent to a controlling center through a ZigBee/PLC gateway. The data are stored
and analysed at the controlling center.

A low power microcontroller based patient bed monitoring system has been presented in [9].
Resistive bend sensor has been used for minimizing the harmful effects of bedsores, which is a
common problem in hospital’s intensive care units and assistive living environments during
rehabilitations. The proposed system is able to replace the current wired system and it supports
continuous patient monitoring by enabling the patient bed mobility.

A Wireless Body Area Sensor network (WBASN) based on the ZigBee technology has been
presented in [10]. All nodes in the WBASN are connected as star topology and central node (i.e.,
access point) is used to control the network. The data collected by the access point is transferred
to a hospital network over mobile communication network. The authors have proposed a novel
“wake-up on-demand” mode of network operation. According to this mode the network “sleeps”
when the most of the circuits are turned off to reduce power consumption. Once the WBASN is
waked up all modules begin to work and all biomedical signals are obtained, stored, and
transmitted.

Reliability of data transmission for healthcare monitoring system has been investigated in [11].
The authors have suggested that there is always a chance for loosing physiological data when a
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number of ZigBee devices operate in a hospital at a given time. Although the medium access
control is taken care of by the MAC layer, the authors have designed and implemented a new
medium access control algorithm to ensure reliable data transmission of the physiological data.

A telemedicine information monitoring system consists of vital sign monitoring devices, a
healthcare gateway, and a health service information platform has been proposed in [12]. Among
these components the healthcare gateway is the most critical component. The ZigBee module is
used to transmit information between the vital sign monitoring devices and the healthcare
gateway. The vital sign monitoring devices include ECG, SPO2, blood pressure, glucose, and
body temperature. The data is then relayed to a healthcare service information platform. The
system is based on Service Oriented Architecture (SOA) concept to provide the healthcare
management for people who are suffering from chronic illness.

A remote patient monitoring system based on the ZigBee wireless sensor network and the Internet
Things has been introduced in [13]. The system generates electronic medical records that are
saved in a database. After analysing the data the proposed system can send feedback about the
diagnosis, medical programs, and proposals to a remote location. The system uses the ZigBee
network for real time transmission of the physical data. The data processing and information
releasing have been implemented by a database program.

A wearable remote healthcare system for assessing hydration status and visceral fat accumulation
by using Bioelectrical Impedance (BI) analysis has been proposed in [14]. The authors have
designed a ZigBee based BI to replace the conventional wired BI. The proposed system consists
of BI measurement circuit integrated with 0.35 pm CMOS technology and a transducer circuit of
the ZigBee module.

Two alternative systems have been proposed for the deployment of the ZigBee based wireless
personal area network (WPANS) for remote patient monitoring in the general wards of a hospital
in [15]. In the first approach a single WPAN is considered for gathering and transmitting
physiological data from the patients in a ward. In the second approach multiple WPANS are
considered. The simulation results show that the multiple WPANS out-perform the single one in
respect of efficiency and reliability for data transmission.

An expandable wireless health monitoring system based on ZigBee has been proposed in [16].
The proposed system can monitor the temperature and pulses of a patient wirelessly. The test
result presented therein shows that the proposed system can monitor the temperature and pulse of
a patient with a high accuracy.

An ambient care system (ACS) framework to provide remote monitoring, emergency detection,
activity logging, and personal notification services has been proposed in [17]. The proposed
system consists of Crossbow MICAZ devices, sensors, and PDA enabled with ZigBee
technology. The authors concluded that the combination of the ZigBee technology together with a
service oriented architecture is the best option for ACS services.

A wireless sensor gateway (WSG) has been proposed in [18] to monitor patients’ health. The
main objective of this project is to monitor the cardiovascular status of a patient. Biological
signals like ECG, pulse wave, and body weight are the important parameters for the
cardiovascular monitoring of a patient. The proposed gateway is deigned to receive data from
wireless sensors through a ZigBee interface and to forward the same to a personal computer via
Bluetooth interface.

A ZigBee based system for remote monitoring of SPO, has been proposed in [19]. The system
consists of SPO, sensor devices, a router, and Personal Area Network (PAN) co-ordinators. All
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the devices are based on MCU and ZigBee chip. The sensor devices measure SPO, data from
patients and transmit the data to the router. The router sets schedule for data transmission to each
device by using a hierarchical routing. The proposed system also contains a web-based
management system so that the patient data can be published in the web.

A real-time rehabilitation platform for patients and aged people has been proposed in [20]. The
proposed system can collect data about the real-time walking acceleration of the patients. By
analysing the gait sequences the computer based rehabilitation system can figure out the normal
gait and abrupt falling of the people. The system also includes an ECG detector to monitor the
health condition of the patients and the aged people.

A prototype of smart sniffing shoes has been designed for monitoring the foot health of a patient
in [21]. The proposed system consists of chemical sensor array installed inside the shoe. The
ZigBee technology has been used for the data communication. A technique called principal
component analysis (PCA) has been used to monitor the foot health of a patient.

Another ZigBee based health monitoring system has been proposed to monitor temperature, heart
rate, blood pressure, and movements of patients in [22]. The main component of the system is an
electronic device worn on the wrist or finger of a high risk patient. The system uses a number of
sensors including an impact sensor to detect the fall of a person. The system can monitor a
medically distressed person and send an alarm to a caretaker system connected to a remote
computer.

A similar work for monitoring the patient’s pulse has been presented in [23]. The proposed
system can monitor the pulses of a patient from a remote location and it can also administer
necessary medical treatment. The proposed system consists of a pulse sensor, ZigBee module, and
ATmega218P microcontroller. The pulse measured by the sensor is sent to a coordinator through
a ZigBee interface. The test results show that the proposed system can cover up to 30 meter
distance.

A prototype model for cardiovascular activity and fitness monitoring system based on IEEE
11073 family has been proposed in [24]. The IEEE 11073-10441 defines the set of protocols for
tele-health environment at application layer and the rest of the communication is taken care of by
the medical grade ZigBee network. The test results show that the proposed system can report
severe cardiovascular malfunctioning without compromising the mobility.

A remote heart sound and lung sound monitoring system has been proposed in [25]. The authors
have solved the problem related to simultaneous transmission of heart and lung sounds. Sensors
have been used to collect the heart and lung sounds and then FastICA is used to separate these
two signals. The sound signals are then sent to a remote location via internet for diagnosis.

A low cost sleep monitoring system based on polysomnography has been proposed in [26]. The
authors have introduced some innovative sensor pillow and bed sheet system that employ the
ZigBee wireless network. To monitor the respiration of the patient a sensor array of force
sensitive resistors (FSR) based on polymer thick film device has been used. The sensor array is
able to classify and verify the respiratory rate during sleep.

A portable ECG monitoring system has been proposed in [27]. The proposed system is controlled
by MSP430 single chip computer, which amplifies and filters the patient’s ECG signals and sends
data to a central controller using a ZigBee wireless transmission module. Another similar
prototype of a ZigBee based ECG signal monitoring system has been proposed in [28]. A PC
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based GUI interface has been developed to provide ECG signal processing task and health care
video tracking and management functions.

In this work we have proposed a remote health monitoring system based on the ZigBee
technology and LabView software. The proposed system can monitor ECG signals, muscle
power, temperature, and heartbeat of a patient from a remote location. In contrast to other related
works we used National Instruments’ LabView software for implementing the project. The
LabView constitutes a graphical programming environment that can acquire data (i.e., biomedical
signals). The LabView relies on graphical symbols rather than textual language to describe
programming actions. The principle of dataflow governs program execution in a straightforward
manner. We chose LabView software because it is easy to program and it has powerful
data acquisition system. In addition the output data generated by the LabView program
can be easily acquired into hardware. The data acquisition is performed by using Data
Acquisition System (DAQ) provided by the National Instrument. The use of DAQ reduces the
complexities of the circuits. Since the major portion of this work is implemented in LabView, the
proposed system can be easily reconfigured and adapted to accommodate more options in future.
The system can send data to a remote location for diagnosis. The system can also publish data in
the internet so that the concerned healthcare professionals can monitor their patients from
anywhere around the World at any time.

3. SYSTEM MODEL

The proposed system consists of a set of biomedical sensors attached with the body of a patient. A
wireless transmitter is used to send the data to a wireless receiver connected to a local monitoring
unit. In this work we used six biomedical sensors to monitor heart beat rate, temperature, changes
in muscles power, and ECG signals of a patient. These sensors convert the physiological changes
of the patient’s body into biomedical signals. The conditioning circuit (i.e., Arduino
microcontroller) reads the data from the sensors and controls the transmission of data to a
monitoring unit. The monitoring unit displays the data that is used by the physicians for necessary
medical advices. The wireless receiver consists of Xbee that receives data and sends it to the local
monitoring unit. The monitoring unit can display, record, and analyze the data. It can send reports
as well as alarming messages to the healthcare professionals. The system block diagram of the
proposed system is shown in Figure 2.
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Figure 2 The system block diagram.
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Based on the customer requirements the system hardware can be easily modified to accommodate
more sensors. The data transmission can also take place via wired or wireless channels. The
proposed system can be connected to the Internet for global communication. In addition, the
proposed system is carefully implemented in hardware and software system so that it can be
adapted to fulfill the user’s requirements. Since accuracy is one of the most important issues in
biomedical signal processing, the proposed system has been field tested extensively to ensure its
accuracy. The system can continuously monitor the health of a patient twenty four hours a day.
The proposed system is also able to inform the healthcare professionals about any unusual health
conditions of a patient. The doctors can also use the publishing system incorporated with the
system. When the measured data exceeds the allowable normal range, the system can send an
alarm message to the concerned healthcare professionals. The system can facilitate healthcare
professionals to perform immediate medical diagnosis and to administer the medical treatment if
needed. The system measures different physical parameters of a patient by using four different
sensors as shown in Figure 3. The microcontroller receives the signals from the sensors and
processes them before sending them to a ZigBee transmitter module. The transmitter module
transmits the signal that is received by the receiving antenna of the ZigBee receiver.

Temperature Heart Beat Muscle ECG
Sensor Sensor Sensor Sensor

l | | l
|

Microcontroller
Unit (Arduino)

ZigBee |

Transmitting
Antenna

Figure 3 System block diagram of transmitter section

The system block diagram for the receiver is shown in Figure 4. The receiver antenna receives the
data sent by the transmitting antenna and then the data are sent to a PC (i.e., Monitoring Unit) for
display. The Monitoring Unit sends report using the internet to the concerned healthcare
professionals.

Receiving
Antenna

v
ZigBee
Unit

¥

Monitoring
unit (PC)
¥
Internet
Publishing

Figure 4 System block diagram receiver section

The temperature sensor used in our system is shown in Figure 5(a) and the associated program
flowchart in shown in Figure 5(b). We used LM35 sensor for our project. The LM35 is a high
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Figure 5 The temperature measurement.

precision integrated temperature sensor. It generates an analog voltage depending on the
temperature of the patient’s body. The sensor output voltage is linearly proportional to the body
temperature. The sensor circuitry is sealed and is not subject to oxidation. The LM35 generates a
higher output voltage than thermocouples. The sensor can measure temperature and generate
signal that is sent to a microcontroller. The data are then transmitted by the ZigBee to the PC. The
sensors are connected to the I/O port of the PIC microcontroller (i.e., Arduino). The output
voltage is converted into temperature by a simple conversion factor. As shown in Figure 6 the
temperature sensor measures the temperature and converts it into electrical signal. The electrical
signal is then processed by a microcontroller and the LabView software. Finally, it is displayed in
the monitoring unit. We set the normal body temperature of a patient in the range of 36°C - 40°C.
If the temperature reading is less than 36°C or more than 40°C degree the alarm will be ON and it
will send an alert message to the concerned healthcare professional.

The heart beat sensor used to measure the heartbeat of the patient is shown in Figure 6(a). This
sensor monitors the flow of blood through a clip that is attached with a fingertip. The sensor has a
laser that emits light through the skin and measures the reflection of the laser due to the flow of
the blood. The heart beat rate of an individual may vary. At rest, an adult man has an average
pulse rate of 72 beats per minute. Athletes normally have a lower pulse rate compared to that of a
less active people. On the other hand children have a higher pulse rate (approx. 90 beats per
minute). We set the critical pulse rate at 120 beats per minute. The flowchart for the heart pulse
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sensor is shown in Figure 6(b). The sensor measures the heart beats and converts them into
electrical signals. Then the receiver antenna sends the data to the Monitoring Unit for displaying
the data. If the pulse rate is less than 120 beats per minute, the alarm will be ON and it will alert
the concerned authority.

(a) Heart beat sensor

Heart Pulse
sensor

¥
“If

Display
& save data

no yes

(b) Flowchart

Figure 6 The measurement of heart beat rates

The muscles sensor used in this project is shown in Figure 7(a). The sensor detects the changes in
the muscle force and converts it into variable resistive readable values. The local monitoring unit
coverts the resistive date from the muscle sensor to a power signal. The main purpose of the
muscle sensor is to measure the power from the muscles. In some cases elderly people who are
unable to move or disabled and their muscles power decreases over a time period, the sensor
sends an alert message to health care service provider. If the patient is moving or standing still or
sleeping, the status of the patient’s movement can also be monitored by our proposed system. The
flowchart of the muscle sensor is shown in Figure 7(b). The transmitter sends the signal which is
received by the receiver. The receiver sends the data to the Monitoring Unit for graphical display.
If the reading is less than 150 or more than 500 the alarm will be ON and it will alert the health
care service provider.
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Figure 7 The measurement of muscle power

ECG is an important biomedical parameter and is used clinically in diagnosing various diseases
and conditions of a patient’s heart. The acquisition of a real time ECG signal requires an
expensive CARDIART machine and only experienced cardiologist can interpret the ECG signal.
However, in developing and under developed countries people cannot make use of this facility
because they live in remote areas. In this proposed system we developed an accurate, low cost,
and user friendly real time ECG acquisition system for monitoring general cardiac abnormalities.
By using the proposed system the ECG data can be monitored and analysed from a remote
location via Web browser. Hence, the system supports long distance diagnosis. The system can
generate a report of the patient's condition by using the ECG data. The hardware ECG is mainly
consisting of an electronic circuit, which uses amplifiers and switches to amplify the readings
from the sensor so that it can be read and displayed. The software ECG monitors the readings
from the sensors and then converts them into the readings based on a defined formula. The
reading of the software ECG has been verified with that of a CARDIART machine in order to
ensure reliability and accuracy. The proposed system measures ECG data from four sensors
placed at four different places of the patient’s body as shown in Figure 8 and provides an output
as shown in Figure 9. The detail operation of the ECG is illustrated in Figure 10. First, the
microcontroller (i.e., Arduino) takes the signals from the sensors and converts them into readable
values using some defined formula. Then the data are transferred from the transmitter to the
receiver (i.e.,Xbee). Then the LabView program combines these readings from the four sensors
and provides one variable output. The ECG signal flow diagram is shown in Figure 10.
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Figure 9 The output of ECG sensors.
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Figure 10 ECG signal flow diagram

4. IMPLEMENTATION AND RESULTS

The proposed system provides a patient with continuous health monitoring service. The signals
generated by the sensors are processed by a built-in microcontroller. The processed data are then
transmitted by ZigBee wireless transmitter. Finally the received data is sent to a PC. The
proposed system works as follows: (a) the user will wear the sensors, (b) the sensors will start
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Figure 11 Labview front panel
reading the temperature, heart beats rate, muscle power, and ECG data, and (c) the program will

send the monitored data wirelessly and interfaces between the LabView software and the
hardware. The front panel of the proposed system is shown in Figure 11.
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Figure 12 Output of the temperature sensor

Figure 12 shows a sample of the temperature sensor data. It shows the variation of the
temperature with respect to time. It is depicted in this figure that the temperature is in the normal
range from 8:35 AM to 9:01 AM which means that the patient’s body temperature is within the
normal range. Since the body temperature is within the set normal range, the system will not send
any alarm message to the healthcare professional.

Figure 13 shows a sample output of the heart pulse sensor. The output shows that there are the
changes in the heart pulse rate from time to time. The figure illustrates that the patient heart pulse
rate varies between 75 beats per minute and 76 beats per minute for the monitored period of time.
Since the heart beat rate is within the normal limit, we assume that the patient is at stand still
condition.
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Figure 13 The output of heart pulse sensor

Figure 14 shows a sample of the output of the muscle sensor attached with the arm. It shows the
percentage usage of the patients’ muscles (Max=1000) with respect to time. The figure shows the
percentage usage of the patients’ muscles is varying between 200 and 310 for the monitored
period of time (i.e., from 8:40 AM to 9:01 AM). This variation indicates that the patient is
moving and hence the muscles power is increasing with respect to time.
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Figure 14 The output of the muscle sensor (Arm)

5. CONCLUSIONS

A reliable wireless healthcare monitoring system has been designed and successfully
implemented in this work. The proposed system has been field tested. The test results show that
the proposed system is able to monitor the body temperature, heart pulse rate, ECG signal, and
muscle power with enough accuracy. Since the proposed system is based on ZigBee, we can
conclude that it is a low power and low cost system. Moreover, major part of the proposed system
has been implemented in using LabView software. Hence, the proposed system is easily
reconfigurable and it can be connected to the Internet easily. The system is also able to store
physiological data of patients for 24 hours a day and seven days a week. In future the proposed
system can be extended to include more sensors that can measure more parameters like diabetes
and blood pressure. The proposed system is flexible enough to include such kind of
modifications.
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