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Abstract- This proposed system explains the wireless body
sensor network based on ZigBee technology and GSM Platform.
It is mainly used for collection and transmitting the various
monitoring information or physiological parameters using
Temperature Sensor, Heart Beat Sensor, Blood Presser, and
ECG about the patients in hospitals or in their homes to an
assigned medical doctor or practitioner. Here the physiological
parameters or conditions of the subjects or the patients are
monitored by sensors and the output of these sensors is
transmitted via Zigbee-GSM communication medium and the
same has to be sent to the remote wireless monitor for acquiring
the observed patient’s physiological signal. The measured signal
is sent to a PC, or mobile phone through the wireless
transmission. The first procedure of the system is that the
wireless sensors are used to measure Heart rate, temperature,
blood pressure, and ECG waveform monitoring from human
body using Zigbee. The measured signal is sent to the PC or
mobile phone via the RS-232 serial port communication
interface.

Index Terms- ECG; GSM-ZigBee Platform, Mobile phone;
Telemedicine
I. INTRODUCTION

T

echnology has brought a lot of transformation to the medical
field. Thus Wireless sensors and sensor networks have
become a powerful tool to research, scientific and technological
world. Though sensor networks have been with us or in existing
for more than a few decades now, the wireless domain has
opened up a whole new application space of sensors [1].
Wireless sensing units combines or integrate wireless
communications and mobile computing with transducers to
deliver a sensor platform which is cost effective to install in
many applications. Indeed, integrating computational power and
radio frequency (RF) communication within the sensor unit itself
is a distinct feature of wireless sensing. In this contemporary
world, the progress in science and technology provides portable,
miniaturization, speed, intelligence, sophistication, and new
materials at lower cost, giving development of various highperformance smart sensing system. Many new research is going
on that are geared towards improving accessibility and quality of
human life in terms of health by designing, developing and
fabricating sensors which are either in direct contact with the
human body (invasive) or indirectly(non-invasive) [2]. This leads
in a requirement for medical care,[3] which is expensive for
long-term monitoring and long waiting lists for consultations
with health professionals. The cost of hospital care is ever going
up, so is the cost of rehabilitation after a major illness or
operation. Hospitals are considering sending patients back home

as soon as they recover. During this recovery period or time,
many physiological parameters need to be continuously
monitored and measured. Hence, telemedicine and remote
monitoring of patients is becoming added importance and urgency
[4]-[6]. Patients are being monitored using a network of wireless
sensors [7]. Many old age people anticipate with great
apprehension of the idea of being forced to live with their adult
children, or in a rest home or in other sheltered living
environment. They want to live independently and keep managing
their own lives. Yet at the same time they know there is a high
tendency of injury or even death because of a fall, strange disease
or stroke. Such people need to be monitored continuously and
provided with immediate medical care and attention when the
need arises. A system to monitor the overall health of resident’s
patients who need constant health- care, have been designed. [5],
this system has been designed with wireless sensors, wireless
repeaters and a host computer [8]. The system consists of sensors,
Zigbee–GSM platform, a microcontroller, and a low power
transceiver. It records respiration activity and indicators of other
parameters as being configured. These data are transmitted to the
wireless repeater by the transceiver. The wireless repeaters, which
are installed throughout the welfare facility, send data, including
the repeater's ID, to the host computer. The ID is used to detect
the resident's patient in that home [4].The host computer stores
the data, which can be used to analyze the resident's patient
overall health condition [12]. When the patient is in an emergency
situation, such as falling or in an inactive state for more than the
allotted time, the host computer automatically alerts the situation
to the care physician by an alarm sound and also by mobile phone
[13] and action is now taken to save the patient due to the
responses of patient monitoring system [16]. Moreover, almost all
the existing systems are relatively expensive and the cost depends
on the number of sensors used and this has led to the development
of home based monitoring system with, optimum number of
sensors [15].These facts show an increasing demand for long-term
health monitoring and measurement which is affordable,
continuous, and effective which will have strong impact on
healthcare management system. [10], [14]. Wearable systems for
continuous health monitoring are a key technology in helping the
transition to more practical, effective, high quality and affordable
healthcare. [11] This does not only allows the user or the patient,
subject to closely monitor changes in his or her physiological
parameters but also gives feedback to help monitor and maintain
an optimal health-care status. This is the novel design goal of the
work presented in this system.
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II. SYSTEM’S OVERVIEW
A. Zigbee Technology
The diagram of a Transmitter/Receiver of a ZigBee module is
shown in Figure 1. This is redolent of the invisible webs of
connections existing in a fully wireless environment [33]. ZigBee
is the name of a specification for a suite of high level
communication protocol using small, low-power digital radios
based on the IEEE 802.15.4 standard for wireless personal area
networks (WPANs), such as cell phones via short-range
radio[33]. The technology is intended to be simpler and cheaper
than other WPANs, such as Bluetooth. ZigBee is targeted at
radio- frequency (RF) applications which require a low data rate,
long battery life, and secure networking. In the present work
point to point communication between 40 to 120 meters. The
power of ZigBee module is about 2mW when running operation
and lower than 1 micro-watt when is in sleep operation modes
[34].

FIGURE 1 Zigbee Technology
B. Body Temperature Measurement
Thermistor (bead type) is used for the measurement of body
temperature and respiratory temperature. Thermistor is a passive
transducer, resistance of which varies inversely with temperature.
In the present work thermistors are mounted on the surface of the
body (on hand) and near the nose as compliment to LM35and are
connected in a potential divider circuits with an excitation
voltage. Resistance of the thermistors varies with body
temperature which leads change in the output voltage. The output
voltage is conditioned, processed, transmitted, displayed and
recorded over a distant PC. If the body temperature exceeds the
normal temperature and if it is found to be of risk for the
wellbeing of a patient, an alarm will be triggered by the system
to give a caution to doctors. Measurement of airway temperature
may help in the respiratory gas concentration monitoring. The
change in the composition of respiratory gas stream may give
rise to significant alteration in the thermal conductivity of the
stream, and lead to rise or fall in temperature of the element in
the path. The thermistor placed at the nostrils will detect the
changes in temperature, which enable the system to monitor the
changes the composition of the respiratory gases, in particularly
the changes in the concentration of CO2.
C. Software Implementation
The designed and developed multi-parametric patient monitoring
system requires appropriate software to provide useful diagnostic
information and display of important parameters. After
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initialization of PIC microcontroller and COM port, the data
about ECG, pulse rate, temperature and blood pressure are
acquired through signal conditioning unit and their outputs are
displayed. An extra feature is also incorporated for patient’s
advantage such as information about the availability of skilled
person / nurse with name and other details.
D. Design Software
National Instrument Multisim
Multisim is the schematic capture and simulation application of
National Instruments Circuit Design Suite, a suite of EDA
(Electronic Design Automation) tools that assists you in carrying
out the major steps in the circuit design flow. Multisim is
designed for schematic entry, simulation, and feeding to
downstage steps, such as PCB layout.
E. Simulator Software Used
MPLAB
MPLAB simulator is debugging software designed to stimulate
the operation of the PIC microcontroller families. This
microcontroller is the main heart of the system. It’s a
reprogrammable flash memory device, which has been
programmed for such application. The patient body temperature,
blood pressure, ECG, heart beat results are display in LCD
display using wireless Zigbee communication. Should there be
any problem, this activated the alarm circuit to make audible
sound.
The system has already been stored on normal body level
condition to microcontroller, there are four sensors that will aid
in obtaining the signal from the patient body and send the signal
to PIC via amplifier and signal conditioned unit. Then
microcontroller sends the signals to PIC microcontroller via
Zigbee wireless one transmitter and one receiver. Then this
controller sends the signals to LCD and alarm circuit. Driver
circuit is used to activate the alarm circuit .
F. System Hardware Design.

Circuit Operation
The circuit is made of four sensors, namely Temperature sensor,
Heart beat sensor, Blood pressure sensor, ECG sensor. All
sensors are attached to Zigbee via 8051 microcontroller. These
sensed data go to microcontroller for further processing before
transmitting through Wireless Zigbee network. After the
initialization of all the sensors, each of the sensors will
continuously check for the data. Each node after obtaining the
real time data will send the data to Zigbee via microcontroller.
Zigbee is used here in RF module configuration [30]. In receiver
part, the sensed real time data will be received by another Zigbee
for analysis purpose. The Data received is sent to microcontroller
for control action. Here limits are defined for each of the sensor
node according to the requirements and can be change with the
progress in patient. After checking for the limits, status of the
patient under supervision will be known. If the data is more than
the limits defined, status is Abnormal and if less than or equal to
the limits defined, status is Normal depending on the
configuration limit input.
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After this comparison of the values, Alert system comes into
action. Alert system includes LCD display, and PC display. The
data from microcontroller will be sent to LCD HDD44780 which
is a 14 pin display, PC display through serial communication
modem. For serial communication through RS232 standard,
MAX232 IC is used. This IC is used to make RS232 voltage
levels compatible with microcontroller levels. To receive the data
serially and for capturing the real time data on PC,
HyperTerminal is used. Either the abnormal or Normal data will
be sent to PC and LCD unit. The receiver section is placed at the
staff level so that they can check for the status of the patient and
can take appropriate action. Buzzer alarm is used to alert the
staff.
E. Hardware Design
The system hardware design is classified into two categories: the
Transmitter and Receiver sections. The Transmitter will be
placed near the patient. The receiver section is placed at the staff
level so that they can check for the status of the patient and can
take appropriate action.
In the transmitter section, the following sensors are used;
1. Body Temperature sensor.
2. Heart Beat sensor.
3. Blood pressure sensor.
4. ECG Reading.
These sensors and wireless technology with the help of
Microcontroller are used continuously to monitor the vital signs
until an abnormal condition is detected. After the initialization of
all the sensors, each node after obtaining the real time data will
send the data to Zigbee via microcontroller.

III. TRANSMITTER SECTION DESIGN
All the Transmitter section sensors are attached to Zigbee via
8051 microcontroller as the brain of the system. Temperature
sensors used is LM35 which is a precise integrated-circuit sensor
which output voltage is linearly proportional to Celsius
temperature.
The LM35 generates a higher output voltage than thermocouples
and may not require that the output voltage be amplified. The
blood pressure sensor uses the MPX2010 pressure transducer.
This element has a membrane that flexes as pressure changes. It
is arranged to measure differential pressure. Essentially, the
action potentials from different nodes in the heart are what make
up electrocardiograph (ECG) signals. ECG signals are comprised
of the superposition of the different action potentials from the
heart beating. Lastly, to measure Heart beat in Beats per Minute
(BPM) rate, Heart beat sensor by Sunrom Technologies is
incorporated here [29]. It is a digital heart rate monitor and is
compact in size. All these sensors are the basic requirements of
general ward patients so as to provide healthy environment and
care to them in hospitals. Then, the sensed data will go to
microcontroller for further processing before it is transmitted
through Wireless Zigbee network. The combination of the
following (A/D converter, microcontroller and Zigbee) being
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considered as Transmitter parts and will be placed near the
patient.
IV. RECEIVER SECTION DESIGN
After the initialization of all the sensors, each of the sensors will
continuously check for the data. Each node after obtaining the
real time data will send the data to Zigbee via microcontroller.
Zigbee is used here in RF module configuration [30]. In receiver
part, the sensed real time data will be received by another Zigbee
for analysis purpose. The Data received is sent to microcontroller
for control action. Here limits are defined for each of the sensor
node according to the requirements and can be changed with the
progress in patient. After checking for the limits, status of the
patient under supervision will be known. If the data is more than
the limits defined, status is Abnormal and if less than or equal to
the limits defined, status is Normal.
After this comparison of the values, Alert system comes into
action. Alert system includes LCD display, and PC display. The
data from microcontroller will be sent to LCD HDD44780 which
is a 14 pin display, PC display through serial communication
modem. For serial communication through RS232 standard,
MAX232 IC is used. This IC is used to make RS232 voltage
levels compatible with microcontroller levels. To receive the data
serially and for capturing the real time data on PC,
HyperTerminal is used. Both the abnormal or Normal data will
be sending to PC and LCD unit. The receiver section is placed at
the staff level so that they can check for the status of the patient
and can take appropriate action. To ensure that there is an
emergency, Buzzer alarm is used to alert the staff. Therefore,
Zigbee, microcontroller and Alert system acknowledge as
Receiver section and are placed at the staff corner.

A. Signal Conditioner Unit
The signal conditioning unit accepts input signal from the analog
sensors and gives conditioned output of 0-5V DC corresponding
to the entire range of each parameter.
B. Circuit Alarm
An alarm gives audible with visual LED blinks about a problem
or condition. An amplifier can also be considered the driver for
buzzer, or a constant voltage circuit that keeps an attached
component operating within a broad range of input voltages. The
circuit is designed for possible control of the buzzer. The buzzer
ON and OFF is controlled by the transistor. When high pulse
signal is given to the base of the transistor, the transistor is
conducting and closes the collector and emitter terminal via
buzzer, hence the buzzer is ON. When high pulse signal is given
to base of the transistor, the transistor is conducting. There will
be no current flowing through the transistor so the buzzer will be
OFF.
C. LCD Display
Liquid Crystal Display (LCDs) displays information about the
patient’s status. This helps to actually understand the condition of
the patients when the alarm sounds. The interpretation of the
alarm is given meaning by the LCD. LCD display is shown in
figure 2.
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Figure 4. Heart Rate Waveform

Figure 2. LCD Display
V. RESULTS AND DISCUSSION
Firstly, blood pressure of the subject was taken. When the blood
pressure go variance with the threshold (120mmhg/80mmhg)
then the condition is identified as abnormal and an alarm will
sound indicating the critical condition of the patient. Also, sensed
signals were observed through Personal Computer (PC) and
Liquid Crystal Display (LCD) for thorough understanding of the
alarm.

Figure 5. ECG Waveform

Secondly, heart rate of the subject was taken. When the heart rate
goes out of the 72 beats per second threshold, the condition was
identified as abnormal. Also sensed signals were observed
through Personal Computer (PC) and Liquid Crystal Display
(LCD), to correspond with the sounding of the alarm through
simulation.
Thirdly, temperature measurements of the subject were taken,
should the temperature goes below or above the normal
condition, and this indicates that the patient is in abnormal
condition. The following simulation waveform figures show the
blood pressure, heart beat rate, the ECG and temperature
respectively. Hence, research is considered successful.

Figure 6.Temperature Waveform

VI. CONCLUSION

Simulation Waveforms

Figure 3. Blood Pressure Waveform

The work presented reveals that, a wireless health monitoring
system is achievable to transmit and receive data for an
immediate action to be taken according to the simulation results
been obtained. This system provides effective solution to
upgrade the existing health system by using different kind of
sensors mounted on a single system. Besides, this system is
based upon wireless technology, Zigbee IEEE 801.15.4
providing low cost effective solution. The system consisting of
8051 microcontroller support and one can set values according to
the requirement of the patient under consideration. The
parameters can be modified as the patient’s condition improves
with time of recovery and meaningful monitoring of patients
health can be assured in a remote distance. As the parameters
can be modified, this system will be unique for multiple
applications, thus the system is convenient and efficient in nature
and will improve interaction between patient and doctor and
ultimately to avoid unexpected tragedy. The unique combination
of sensors, wireless standard and microcontroller will eliminates
www.ijsrp.org
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the barriers in patient health monitoring to enhance practical
health delivery
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