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Abstract - In most of the cases it is not possible to monitor
the patient conditions manually by the surgeon, due to that
treatment to the patient may delay. In this paper presents a
solution by designing a system, which monitors the patient
conditions automatically and send the information to the
doctor through GSM. The main modules in the system are
microcontroller, GSM, sensors, displays and alarm. Patient
monitoring system measures physical characteristics of the
patient continuously or at regular intervals over time.

In this method, the system having different sensors likes
temperature sensor, BP sensor and ECG sensor. The outputs
from these sensors are given to the ADC, its output processed
by the MCU (LPC2148). According the conditions the MCU
sends the information to the desired persons through GSM in
form of text message.

Keywords - Microcontroller, LPC 2148, ECG sensor, BP
sensor GSM.

I. INTRODUCTION

The objective of Patient Monitoring system is to have a
quantitative assessment of the important physiological
variables of patients during critical periods of biological
functions. This system is used for measuring continuously
automatically the values of the patient's important
physiological parameters such as blood pressure, body
temperature, heart activity, various bodily substances (e.g.
cholesterol, glucose, etc.), pulse rate, respiration rate and
other health-related criteria.

This system continuously monitors the patient
conditions and when the parameters reaches the critical
values then it sends the information to the doctor through
GSM according the parameters the surgeon responds
immediately and provides service to the patient. With this
system, the risk that surgery involves has been
considerably reduced since it is possible to detect the
complications before they prone dangerous as suitable
measures can be taken in time [1].

II. SYSTEM DESIGN

The system is designed with microcontroller, different
types of sensors like body temperature, blood pressure,
heart rate, GSM modem and display. The overall structure
of the system is shown below figure1.1

Various physiological signals such as body
temperature, blood pressure, heart rate, and respiration rate
are continuously monitored as well as controlled remotely
with this system.

Fig.2.1 Block diagram of wireless patient monitoring
system.

Various types of transducers are used to sense these
bioelectrical signals. The signals obtained from the
transducers are weak signals, which are then amplified and
converted into digital form using Analog to Digital
Converter (ADC). ADC output is fed to the
microcontroller .microcontroller receives digital form of
variables then compares with desired hard coded values
stored in the controller. The received information is send
to the surgeon using GSM module.

III. MICROCONTROLLER

Microcontroller is used in most of embedded system
design because it having high reliability, accuracy, less
power consumption, on-chip peripherals, memory and
dynamic instruction set. In this project microcontroller
plays major role in designing of the system.

The digital data received by the different sensors are
compared with predefined values stored in the memory
and if the values in the critical range then it sends the
information to the surgeon through GSM modem using
AT&T commands [2].

There are different types of microcontrollers are
available in the market like 8, 16,or 32 bit controllers.
Base up on the requirement of the project we selecting the
microcontroller, in this project we are using ARM
controller LPC 2148[3] because it having features like
RISC architecture, two UART ports, timers, etc.

In this project we require one UART for connecting the
GSM modem, ports to connect the sensors, alarm.
The block diagram is shown above fig.2.1
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IV. GSM MODEM

GSM (Global System for Mobile Communications,
originally Groupe Spécial Mobile), is a standard set
developed by the European Telecommunications
Standards Institute (ETSI) to describe technologies for
second generation (2G) digital cellular networks.
Developed as a replacement for first generation (1G)
analog cellular networks, the GSM standard originally
described a digital, circuit switched network optimized for
full duplex voice telephony.

The standard was expanded over time to include first
circuit switched data transport, then packet data transport
via GPRS (General Packet Radio Services). Packet data
transmission speeds were later increased via EDGE
(Enhanced Data rates for GSM Evolution) referred as
EGPRS.

The GSM standard is more improved after the
development of third generation (3G) UMTS standard
developed by the 3GPP. GSM networks will evolve
further as they begin to incorporate fourth generation (4G)
LTE Advanced standards. "GSM" is a trademark owned
by the GSM Association [4,5].

The GSM network architecture is shown in fig. 3.1.

Fig.3.1 GSM Network

V. ECG SENSOR AND PRINCIPLE

This work focuses on enhancing the previous work of
the original TRG wireless ECG sensor system so that the
system can be tested on real human heartbeat instead of
getting the input to the system using a simulator.

This topic generally consists of two parts, which are
hardware and software development. For the hardware
development, ECG Sensor Board is presented and for the
software development, microcontroller programming was
implemented in ECG Sensor Board. This project also
involved in transmitting data from the ECG Sensor Board
to an intermediate node and a display unit. The captured
ECG signal only concentrates on normal sinus rhythm
strip (normal heart beat).

Fig.5.1 shows the overview the concept of the ongoing
work.

Fig.5.1 The detail architecture

Here, the ECG sensors of electrode are placed on the
body to detect heartbeat and the goal is to improve the
quality of the ECG signal that display in GUI through
wireless communication. This work focuses on the
development of a system that can provide real time heart
care for cardiac patients who are in normal life setting
such as at home. The following subsections describe the ac
main interference reduction that used in the construction
of the ECG Sensor hardware, and software that used in
transmission medium.
a. Ac Main Interference Reduction

The 60 Hz mains power line frequency and its harmonic
components are a common type of interference that occurs
in biomedical signal [6]. These AC potentials are always
present additive to the ECG signal and are in the order of
tens of volts. North filter is the suitable filter that provide
high signal to noise (SNR) ratio that can be used to
eliminate this noise. Figure 3 is the example of the 60 Hz
main interference in the ECG signal.

Fig. 5.2 ECG tracing with 60Hz interference

b. ECG Sensor Design Specification
The cardiac signals measured by the ECG sensors

should undergo a signal conditioning and preprocessing
session to gain a suitable voltage level and signal to noise
ratio (SNR). The main difficulty is that the voltage levels
are very low, in order of 0.5-5Mv. The front end of the
ECG sensor must be able to deal with the extremely weak
nature of this signal in it measuring. This is the
specification in design front end of the ECG Sensors [7]:
• Capability to sense low amplitude signals in the range of

0.05 – 10mV
• Very high input impedance, > 5 Mega-ohms (MΩ)
• Very low input leakage current, < 1 micro-Amp (μA)
• Flat frequency response of 0.05 – 150 Hz
• High Common Mode Rejection Ratio
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c. Wireless Transmission Module
XBEE Module is the wireless transmission module that

was used in this project. IEEE 802.15.4 Protocol was used
in this module. The features of IBEE are 2.4GHz operating
frequency, 1Mw output power, can achieved up to 100m
range,  advanced networking and operates with supply
voltage between 2.8V to 3.4V [8].

VI. BP SENSOR AND PRINCIPLE

The cuff pressure is sensed by free scales integrated
pressure X-ducer. The output of the sensor is split into two
paths for two different purposes. One is used as the cuff
pressure while the other is further processed by a circuit.
Since MPXV5050GP is signal-conditioned by its internal
op amp, the cuff pressure can be directly interfaced with
an analog-to-digital (A/D) converter for digitization. The
other path will filter and amplify the raw CP signal to
extract an amplified version of the CP oscillations, which
are caused by the expansion of the subject’s arm each time
pressure in the arm increases during cardiac systole.

The output of the sensor consists of two signals; the
oscillation signal ( ≈ 1 Hz) ri
ding on the CP signal ( ≤ 0.04 Hz). Hence, a 2-pole high
pass filter is designed to block the CP signal before the
amplification of the oscillation signal. If the CP signal is
not properly attenuated, the baseline of the oscillation will
not be constant and the amplitude of each oscillation will
not have the same reference for comparison. Figure9
shows the oscillation signal amplifier together with the
filter.

Fig.6.1 Oscillation Signal Amplifier

The filter consists of two RC networks which
determine two cut-off frequencies. These two poles are
carefully chosen to ensure that the oscillation signal is not
distorted or lost. The two cut-off frequencies can be
approximated by the following equations. The oscillation
signal varies from person to person.

In general, it varies from less than 1 mm Hg to 3 mm
Hg. From the transfer function of MPXV5050GP, this will
translate to a voltage output of 12 mV to 36 mV signal.
Since the filter gives an attenuation of 10 dB to the 1 Hz
signal, the oscillation signal becomes 3.8 mV to 11.4 mV
respectively. Experiments indicate that, the amplification
factor of the amplifier is chosen to be 150 so that the
amplified oscillation signal is within the output limit of the
amplifier (5.0 mV to 3.5 V).

VII. IMPLEMENTATION

In this system, the patient information is collected by
mobile phones. Variables are sensed by different types of
sensors and converted into digital form. These variables
are compared with desired values stored in the processor.
If these are not within the safe limit then message is send
to the surgeon through GSM mobile phone. This number
is stored in the controller. Thus proper treatment can be
given to the patient remotely by the surgeon. When the
Micro-controller receives a message from a person
requesting the current status, it retrieves the data regarding
the present condition of the patient's body. In serious
condition, system informs the doctor about the patient's
body by sending an SMS to a hard coded number of doctor
in the microcontroller. Surgeons can give the appropriate
treatment remotely through mobile by sending an
acknowledgement message to the user.

The message is received by the dedicated GSM mobile
unit, which is permanently attached to the system. The
messages are read by the micro-controller through a serial
interface with the mobile by using a data cable. Micro-
controller interprets the received message from the slave
mobile and initiates the required action. An
acknowledgement signal is then generated by the Micro-
controller, which is sent back to the master mobile as a
regular SMS. Using an alarm circuitry can do the
controlling at local place. The particular alarms are
switched depending on the condition of the patient. AT
commands are used for the interfacing the mobile with the
MCU circuitry through a GSM.

In this method, the sensors are first interfaced with the
controller LPC2148. Sensors output in the form of analog
signal but microcontroller reads only digital data, the
digital data is obtained by using A/D converter s [9].
These sensors are connected to the GPIO pins of the LPC
2148 controller, based on the values present on the pins
the controller performs the operation. The interfacing of
sensors with MCU is shown in fig 7.1.

Fig.7.1 Interfacing of sensors with LPC 2148

GSM modem is used in this project for sending the
information to the doctor in the form of text message.
GSM is interfaced with the controller through UART
serial port. To active this port first configures the serial
port register, which contains buad rate, clock frequency,
parity bit. After placing the desired values in this register
then it activates the port for communication. The
interfacing diagram is shown in fig 7.2.
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To send the message through GSM we have follow the
AT&T [10] commands those are international standards
followed by the all GSM networks.

Fig. 7.2: Interfacing of GSM modem with LPC 2148.

After completion of Hardware connections, we have to
dump the program Hex file to the controller LPC 2148
using Flash programmer. The program to this project is
implementing on the KEIL platform in Embedded C
language. If the program is successfully executed then
automatically generates the Hex file. The main logic in the
program part is that, it will compare the sensors data with
predefined values and executes the corresponding
operation.

When compared to the other techniques like RF,
Bluetooth, Zigbee this system provides high efficiency,
best results. If we develop the project by using the other
techniques those limited up to some distances only. But
GSM communicate to person if he/she present within the
network area.

VIII. COMPARISON

When compared the present system with the other
techniques like RF, Bluetooth, Zigbee this system provides
high efficiency, best results. If we develop the project by
using the other techniques those limited up to some
distances only. For example RF range up to meter where
as GSM communicates to person if he/she present within
the network area. So, that the message is send to the
person without loss of information. GSM provides
effective communication compared to other technologies.

IX. RESULTS

The different physiological variables to e monitored &
controlled remotely are sensed & converted into analogous
form i.e. the digital form. We have partially implemented
the project to monitor & control the temperature of the
patient remotely.

X. CONCLUSION

We have described the application of Embedded
systems  in medical field for the wireless patient
Monitoring system .The results obtained for the wireless
patient monitoring system proves the better solution over
manual technique due to its advantages such as better

accuracy, design security, productivity, speed and
flexibility . We concluded that by using this system proper
treatment can be given to the patient.
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