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Abstract— There is a tremendous growth in VLSI 

technology and GSM communication now a day. This 

project mainly deals about an implementation of GSM 

technology in Medical field with the help of embedded 

system. Wireless communications used here would not only 

provide remote monitoring but also safe and accurate 

monitoring. In this project, ECG, Heart beat rate, Body 

temperature and Content of Oxygen in body of patient are 

measured by using various medical sensors as analog signal, 

then it is converted into digital signal using inbuilt ADC of 

LPC2138 ARM7TDMI-S controller which is then further 

processed for suitable wireless communication using paging 

messages with the help GSM modem. At healthcare 

monitoring center on a dedicated PC we will get ECG graph 

along with Heart beat rate, Body temperature and percentage 

of Oxygen. System is developed for patients that are not in a 

critical condition but need to be constant or periodically 

monitored by clinician or family member. During 

monitoring condition the SMS will be sent to the doctor and 

family member, so that patient should get monitored at a far 

distance. 
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I. INTRODUCTION 

In this system, we are using ARM 7 Controller based system 

having various sensors to continuously taking the 

measurement of the patient’s body temperature, ECG and 

percentage of oxygen in body and displaying continuously 

the same on the LCD screen. In this system the information 

about patient’s health is provided within every prescribed 

interval of time to the Doctor. This data is provided to 

doctor and family member of patient via Wireless GSM 

modem. This system can automatically monitor the patient 

health 24x7 whereas this facility is not available in the 

conventional system. This proposed system is portable & 

can be used at the home. Arm controller used in this system 

is LPC2138 which is very cheap in cost so system cost is 

automatically reduced. For transmission of the data Wireless 

GSM technique is used which will use SMS service of 

service provider for transmission. 

II. PROBLEM FORMULATION 

Lack number of doctors is the major problem in most of the 

hospitals. This significant difference between the doctor and 

patient ratio specifically in India is quite high. So managing 

valuable time for each hospitalized patient is difficult for 

doctors. Also in terms of money and time it is not beneficial 

for patient to be hospitalized. So there must be some system 

which will monitor the patient remotely and inform the 

doctor periodically about the health status of patient. [1] 

Although present systems allow continuous 

monitoring of patient, but these systems require the sensors 

to be placed bedside monitors or PCs, and limit the patient 

to the hospital only. But now, there is solution for that, so 

that patient will be at home and can be wirelessly monitored 

at health care center. Also these systems do not require the 

dedicated monitoring person like nurse for patient at home, 

any family member can do this job with the help of this 

smart wireless healthcare monitoring system. 

III. PROPOSED SYSTEM 

In last few years progress in the field of medical health care 

is rapidly increasing, especially in the fields like cardiology. 

A main reason for this growth is because of two major 

disciplines i.e. medical and engineering. During the last few 

decades, combination of Engineering, Science and 

Technology, along with the Computers are applied to 

Medical fields, has made revolution in the delivery of health 

care systems. 

Backbone of this project is to develop the hardware 

and software with the wireless connection that is GSM along 

with processing unit which plays important role. The Block 

diagram of whole system is shown in Fig 1. The system 

design begins with a construction of circuit concept 

including data acquisition from ECG sensor, Body 

Temperature sensor and Oximetry sensor. In this 

architecture ARM 7 controller and GSM modems are used 

as the tools for processing and transmitting the data from 

transmitter to the receiver. [1] 

Fig. 1 Block Diagram 

IV. SYSTEM HARDWARE & WORKING PRINCIPLE 

System majorly divided into three partitions, i.e. Sensing 

system, Processing system & Communication system. 

A. Sensing System 

Sensing system is used to sense the essential parameters of 

the body of patient. It consists of Medical sensors like ECG 

sensor, Body Temp sensor, & Oximetry sensor along with 

their respective signal conditioning circuits. Each sensor 

senses the parameters from the body of patient and converts 

it to analog signal and gives it to the processing system. 
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B. ECG Sensor 

Normally ECG (electrocardiogram) systems are designed to 

provide ease of operation and to give higher accuracy to 

doctors. For achieving these requirements a sensors are 

playing an important role in these systems. Because of the 

use of good quality sensors, it is possible to obtain a good 

quality of ECG waveform which can provide rate and 

regularity of heart beats. 

ECG is primarily a tool for examination of cardiac 

diseases. The ECG is the electrical indication of the 

contractile activity of the heart, and can be recorded easily 

by placing surface electrodes on the limbs or chest. The 

heart muscle possesses the property of automatic rhythmic 

contraction and expansion. The impulses that arise due to 

contraction and expansion results in the excitation of the 

muscle fibers. This results in weak electric current signal, 

which runs throughout the whole body. An ECG sensing 

device commonly consists of a group of electrodes to detect 

electrical events of a heart. ECG sensor detects and 

amplifier amplifies the tiny changes on skin of patient due to 

weak electric currents from 3 electrodes which are 

connected to the patient. These can be recorded by placing 

clamp type sensor at various positions on the body of patient 

and connecting them to an electro-cardio graphic apparatus 

or CRO.[2] 

The ECG signal sensed by the clamp type sensor is 

very low which will be in micro-volts. Hence the signal is 

given to the instrumentation amplifier for the faithful 

amplification and S/N level improvement. The required gain 

of the amplifier is decided by the circuit designed using 

resistances and it should be in a range of 1000. The 

amplified signal is then fed to low pass filter (LPF) for the 

faithful nature of ECG signal.  The LPF is designed for the 

cut off frequency of 150 Hz to pass the all ECG signal 

elements. The signal is then given to notch filter to filter out 

the noise of supply frequency which is 50Hz. Here one more 

amplifier stage is added for signal conditioning requirement 

of ARM 7 controller. Before applying signal to ADC of 

ARM 7 one zener diode is used for protection of controller   

[3] 

C. Heartbeat Monitor 

The rhythm of the heart in terms of beats per minute (bpm) 

may be easily estimated by counting the readily available 

waves from signal conditioning block of ECG sensor. One 

comparator stage is inserted after amplifier stage of ECG 

system before feeding signal to controller for the detection 

of R wave of ECG signal. After detection of the R pulses the 

signal is applied to astable multivibrator and to the ADC of 

ARM controller. Controller detects the number of pulses 

coming from the comparator and measures as beats per 

minute. The output of astable multivibrator is the sharp 

spike having very short on time with respect to off time. 

These pulses are regularly generated as the ECG signal is 

coming from the ECG sensor part. The duration between 

two conjugative pulses is inversely proportional to the heart 

bit rate. As the duration is long the heart bit rate will be 

slow. And if the duration is low then the heart bit rate will 

be high. The normal heart bit rate is varying from 70-120 

bpm. The 555 timer is working in astable multivibrtor mode. 

It is enabled by the output of the pulses coming from 

comparator. The continuous sequence of these pulses is 

given to beep generator circuit, which generates a beep 

sound after reception of each pulse. The number of beeps 

will be equal to the R pulses detected which in turn indicate 

the heartbeat rate of patient. The required regulated power 

supply for signal conditioning is developed using 78XX and 

79XX series ICs. [5] 

D. Body Temperature 

The body temperature is sensed by the sensor thermister, 

thermister is used because it is one of the most popular 

sensors in the field of temperature sensing. The rate of 

change in resistance of thermister w.r.t. temperature is more 

and response is good as compared to semiconductor 

temperature sensor ICs like LM35. It can be used to measure 

temp ranging from 0
o 

C to 100
o 

C. It has a resolution of 4.6 

ohm/
o
C. Here we are using a thermister that is having a 

resistance value of 12Kohm at 0
o 
C.  

V. DESIGN OF SIGNAL CONDITIONING CARD FOR 

TEMPERATURE MEASUREMENT 

The input section for the signal conditioning card for 

temperature consists of the voltage regulator using 7805, 

output of which is given to Whetstone Bridge. The 

whetstone bridge consists of four resistive arms. The 

thermistor, which is a temperature sensor, is connected in 

one arm of the bridge and resistors of rest of the arms are 

selected in such a way that at 0˚C the bridge is in balanced 

condition and 0V appear at the output of the bridge circuit. 

As temperature changes, resistance of the sensor changes 

with respect to temperature. Thermister is having NTC, the 

temperature increases so the resistance of the sensor 

decreases and vice – versa. 

Now depending on the application of temperature 

the resistance of thermister changes which gives further 

changes in the output voltage of the bridge circuit. At 0˚C 

the bridge will be in balanced condition but as the resistance 

of the thermister changes due to change in temperature, then 

the bridge circuit becomes unbalanced. This unbalance 

results in small voltage across the bridge output. This small 

voltage is given to the differential amplifier for the 

amplification purpose. Buffer amplifier stage is inserted 

between bridge and differential amplifier for improving 

driving capability and to avoid loading effect. [3] 

Signal form differential amplifier is given as input 

to the ADC of the ARM 7 Controller. Before applying to 

ARM one zener diode is used for protection of controller 

and to maintain the voltage level of input signal at 3.3V. 

ARM 7 Controller processes it as per the requirement of 

GSM module. 

A. Oximetry Sensor 

We all know that oxygen is essential for life. Oxygen passes 

into blood through lungs. The blood supplies the oxygen to 

the various organs in the entire body. The main carrier of 

oxygen in our blood is hemoglobin. The hemoglobin 

without oxygen we can call de-oxygenated hemoglobin (de-

oxy Hb). The hemoglobin with oxygen, we can call 

oxygenated hemoglobin (oxy Hb). Saturation of oxygen in 

human body is nothing but the percentage of the available 

hemoglobin in blood that is carrying oxygen. [5] 

Pulse oximetry measures oxygen saturation or in 

other words we can say it measures how much of oxygen is 
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carried by blood with the help of hemoglobin. Pulse 

oximetry uses light to detect oxygen saturation. Pulse 

oximetry sensor works on the property of absorption of 

light. Light is emitted from light sources and reaches to the 

light detector across the pulse oximetry probe. If a finger is 

placed in between the light detector and the light source, the 

light will have to pass through the blood inside the finger to 

reach the light detector. Some part of the light will be get 

absorbed by the oxygenated blood in finger and the part 

which not absorbed will reach to the light detector. The 

amount of light which is absorbed by the blood in finger 

depends on the concentration (percentage) of oxygen in the 

hemoglobin. [5] 

 
Fig. 2: Oximetry Sensor 

The construction of Oximetry sensor is as shown 

above in fig 2. Pulse oximetry consist of two light emitting 

diodes i.e. Red and Infrared, at 660nm and 940nm 

wavelengths respectively placed on topside of sensor. As per 

the property of blood, blood having oxygenated hemoglobin 

(oxy Hb) absorbs light of 660 nm wavelength whereas blood 

having deoxygenated hemoglobin (de-oxy Hb) absorbs light 

of 940 nm. In the finger there is an artery which carries the 

blood and a vein through which the blood leaves the finger 

and goes back. There is light detector at bottom side of 

sensor. When finger is placed inside the sensor lights have 

pass through it, i.e. through the blood. Oxy Hb and de-oxy 

Hb in blood absorb light having different wavelengths in a 

specific way. The amount of Red light absorbed by oxy Hb 

in blood is proportional to the concentration of oxygen in 

Hb, whereas amount of Infrared light absorbed by de-oxy 

Hb is inversely proportional to concentration of oxygen in 

Hb. Depending on the amount of oxy Hb and de-oxy Hb 

present in blood, the pulse oximetry detects ratio of the 

oxygen saturation by comparing how much red light and 

infra-red light is absorbed by the hemoglobin in blood. 

Using this ratio, the pulse oximetry can then detect the 

oxygen saturation. The output of the oximetry sensor is in 

mV and it needs further signal conditioning as per 

requirement of ADC of the ARM controller. One driver 

circuit is also required for switching on and off the red and 

infrared LEDs of oximetry sensor with specific time 

interval. 

B. Processing System 

1) ARM7 

The ARM7TDMI-S is a general purpose 32-bit controller, 

which offers a high performance and very low power 

consumption. ARM architecture is based on a RISC 

(Reduced Instruction Set Computing) principles, instruction 

set and related decode mechanism are simpler than CISC 

(Complex Instruction Set Computing) Pipeline techniques. 

Employed ARM Controller supports both 16-bit as well as 

32-bit instructions via the ARM and Thumb instruction sets. 

The 3 parameters which are to be monitored are sensed 

using respective sensors and after signal conditioning data is 

passed to ARM7 controller. This unit is the heart of the 

complete system. It is actually responsible for all the process 

being executed. It monitors & control all the peripheral 

devices or components connected in the system. In short we 

can say that the complete intelligence of the project resides 

in the software code embedded in the ARM 7. The code is 

written in Embedded C and is burned or programmed into 

the code memory using a programmer. 

 
Fig 3: Pin diagram of LPC2138 

Here we are using LPC2138 a ARM7TDMI-S Core 

Board Microcontroller in a tiny LQFP64 Package that has 

64 Pins from Philips (NXP). Fig 3 shows the pin diagram of 

LPC2138. 

All resources inside LPC2138 are quite perfect, so 

it is the most suitable to learn and study because if user can 

learn and understand the applications of all resources inside 

MCU well, then user can modify, apply and develop many 

excellent applications in the future, because Hardware 

system of LPC2138 includes the necessary devices within 

only one MCU such as USB, ADC, DAC, Timer/Counter, 

PWM, Capture, I2C, SPI, UART, and etc.[7] 

C. Communication System 

1) GSM Modem 

GSM is abbreviation of Global System for Mobile 

Communication. Fig. 4 is showing the GSM SIM900 

Modem manufactured by SIMCOM Company. [6] 

 
Fig 4 GSM modem 

A GSM modem works on GSM network 

technology.. A GSM modem receives and sends data 

through radio wave communication. GSM modem can be 

connected to a microcontroller or a processor through a 
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serial cable. GSM modem requires a SIM (Subscriber 

Identity Module) card from a wireless carrier just like GSM 

mobile in order to operate. It has a slot for inserting SIM. It 

supports set of AT commands. Controller uses set of AT 

commands to control a modem as per requirement. We can 

use a GSM modem like a compatible modem. SIM900 

modem has Quad band GSM/GPRS 

(850/900/1800/1900Mhz), and features GPRS multi-slot 

class 10/8 Operating temperature ranges from -20 oC to +55 

oC. It operates on the 12V DC and 1A Current. It is having a 

RS-232 through 9 pin D-type connector, serial port baud 

rate adjustable from 1200 to 115200 bps (9600 default) for 

communication with the Microcontroller or Processor.  

We require 2 numbers of GSM modem with 2 SIM 

cards, one is connected to ARM controller which will 

receive AT commands and data from it, and sends data to 

another modem. Another modem will receive the data and is 

connected to the GUI based PC. GUI based PC will receive 

that data for further processing. We are using SMS service 

provided by SIM card service provider for communication 

between two modems. As SMS service is being used, low 

cost long distance communication is possible which is 

important factor of project. There are alternatives like 

ZigBee, Wi-Fi or Bluetooth for communication, but using 

this services long distance communication is not possible. 

Hence GSM modems are suitable for this project. 

2) LCD Display 

Here we are using LCD display for displaying the current 

status of Patient, i.e. it will display parameters like body 

temperature, heart beat rate and percentage of oxygen in 

body. We are using 16X2 character display. Fig 5 shows the 

LCD display. 

 
Fig 5 LCD Display 

3) Graphical User Interface 

There is a dedicated PC for monitoring the health of Patient 

on the screen with the help of Graphical User Interface 

(GUI). GUI is the program on the PC that is coded using 

Visual Basic language. It provides the information regarding 

health status of patient under observation. Information of 

ECG is in graphical form similar as like original ECG graph 

and other parameters like body temperature, heart beat rate 

and percentage of oxygen in blood is in a tabular form  

VI. SOFTWARES 

As technologies are rapidly growing, for designing the 

project we need to take help of softwares. Here we are using 

Protel for perfect design and layout of PCB’s, Keil for 

programming and debugging the errors occurred in program 

written for controller. Flash magic for burning the program 

in ARM controller and OrCAD for block and circuit 

diagram. 

VII. ADVANTAGES 

There are many advantages of wireless health care 

monitoring, some are listed below. It is useful to save time 

of Patient as well as of Doctor, as Patient does not need to 

take appointment and spend time or wait in queue for 

number. Doctor can check history as well as current status 

of patient on a tip of figure. It may help to recover patient 

soon on psychological basis as he does not need to 

hospitalize. As patient is not hospitalizing, he may get relief 

from hospitalization bill, so it is helpful for patient in terms 

of financial benefit. Project is user friendly and parameters 

like ECG, body temperature, heartbeat rate and percentage 

of oxygen in body is sensed. As sensors are operating on 

low DC voltage, there is not any chance of shock hazard. As 

we are using GSM modem for data transmission, long 

distance health monitoring is possible. 

VIII. CONCLUSION 

Although wireless medical applications can be successfully 

implemented not only in research papers but in practical 

also, there are still so many challenges for researchers and 

developers. Importance of wireless technology in medical 

field cannot be exploited completely when stated challenges 

are not solved, which requires a long term efforts and hard 

work of researchers. 

We are presenting deeply wireless technology and 

embedded system used in medical field recently. We have 

also identified the standards being used in embedded based 

wireless medical applications and importance of wireless 

network in a healthcare monitoring system. We have 

identified innovative medical application of wireless 

technology used in projects, research and research groups on 

wireless medical applications. 

We have successfully implemented the embedded 

based wireless healthcare monitoring using GSM technique. 

The results obtained at the GUI based PC are as shown in 

fig. 6 The ECG graph obtained at the GUI based PC is 

similar to that of original observed on CRO. And the values 

of heart beat rate, temperature and percentage of oxygen is 

equivalent to the original measured by other instruments.   

 
Fig 6. Screen shot of GUI based PC. 

IX. FUTURE SCOPE 

Advanced patient monitoring systems that provide wireless 

or remote patient monitoring to share data outside to the 

immediate patient care area continues to see future growth. 

Features of these devices can range from basic remote 

patient tracking ability to “face-to-face” interaction between 

doctors and patients, or even data sorting of the large  

amount of data collected in order to put it into the category 

of a patient’s condition. System can transfer this data to an 

electronic medical record system (EMR), which can be 



Embedded based Wireless Healthcare Monitoring 

 (IJSRD/Vol. 3/Issue 04/2015/435) 

 

 All rights reserved by www.ijsrd.com 1874 

further used for analysis and can be available at the tip of 

figure. Emergency condition detection of patient can also be 

implemented in future by this developed system by setting 

the limiting values of the parameters. If any parameter 

crosses the limiting value, system will inform to the doctor 

and to the relative of patient. 
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