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Abstract 
 
This paper describes the design of real time patient monitoring system using different types of sensors and very high 
speed hardware description language (VHDL). Patient monitoring system consist of equipment, devices and supplies 
that measure, display and record human body parameter including heart rate and body temperature. Heart rate of the 
patient is measured using infrared sensor that senses the change in blood concentration in finger artery at the time when 
heart pumps the blood. Body temperature of patient is measured using LM35 sensor. We have tried to make a system 
which may give information of patient’s physical situation and help to provide emergency treatment. This design has 
been implemented in Xilinx FPGA board and monitoring and control system has been developed. 
 
Keywords: Heart rate, body temperature, IR sensor, LM35 sensor, FPGA. 

1. Introduction 

Heart rate detection is one of the very important parameter of human cardiovascular system. Heart rate of 
the healthy adult is about 72 beats per minute (bpm). Babies have much higher rate around 120 beats per 
minute. Heart rate is increases gradually during exercise and tends to decrease slowly at normal after 
exercise. The rate on which pulse tends to normal is an indication of fitness of a human being. Heart rate 
can vary according to need of muscles to absorb oxygen and excrete carbon dioxide changes during 
exercise or during rest. It also change based on the individual fitness, age and genetics.  A heart rate 
monitor system is a device that takes sample of heart beats and computes the beats per minute so that the 
information can be easily track hearts position. There are two types of methods to measure heart rate 
electrical and optical. In this paper the design of low powered heart rate measurement is presented that 
provided the accurate measurement of heart rate using optical technology. We use the optical technology 
using IR sensor (infrared LED) and photodiode to measure the heart rate within seconds using finger artery. 
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Temperature is a measure of the degree of heat intensity level. The temperature of a body is deals with its 
molecular excitation. The temperature difference between two points indicates a potential for heat to move 
from the warmer to the colder point. The human body’s temperature varies from day to day, and from time 
to time, but these fluctuations are small, no more than then 1  .It is one of main indicators of normal 
functioning and health. The nature of human body is to keep its temperature within a safe value in spite of 
large variations in temperatures outside the body. Temperature is mostly considered to be a vital sign most 
notably in a hospital. This paper proposed a nonintrusive body temperature measuring system. The system 
estimates the deep temperature non-intrusively only when the patient is at rest, since the sensor is 
embedded in a neck pillow.  

2. System Block Diagram 

Fig.1 shows the block diagram of the real time patient monitoring System using VLSI technology. 
Different body parameters such as heart rate and temperature are continuously monitored as well as 
controlled with this system. Various types of sensors are used to sense these bioelectrical signals. The 
signals obtained from the IR sensors are weak signals which are then amplified and converted into digital 
form using AVR Atmega8. Digital data is fed to the FPGA device. The little change in the amplitude of the 
reflected light can be converted into a pulse with proper signal conditioning circuit. The signal conditioning 
circuit consists of two identical active low pass filters with a cut-off frequency of about 2.34 Hz. This 
means the system is able to measure heart rate is about 150 bpm. The operational amplifier IC used in this 
circuit is LM358. It operates at a single power supply and provides back to-back output swing. The filtering 
is necessary to block any unwanted noises present in the signal. The gain of each filter stage is set to 101, 
giving the total amplification of about 10000. A 1 µF capacitor at the input of each stage is required to 
block the dc component in the signal. The equations for calculating gain and cut-off frequency are given (1) 
 
                             Fc= 1/ 2π Rf Cf                                                                                                 (1)                                          
                             Gain of each stage = 1+ Rf /Ri                                                 
                                                            = 1+ 680 k / 6.8k 
                                                     =101                                                                         (2) 
 

The LED is connected at the output blink every time a heartbeat is detected. ATMEGA8 has been 
programmed to detect signal of both the sensor and FPGA has been programmed to show the measured 
data.  

The LM35 temperature sensor has been used to measure the body temperature. The output pin of the 
LM35 sensor is connected to AVR Atmega8 to convert analog signal into digital form. This digital data is 
fed to the FPGA device. 
  
 

 
Fig. 1 Sensor interface design 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 677- 681 
 

Ms. Sonal Tayade, IJRIT  679 
 

3. Software Design 

The software can be divided into two parts: first one is the data acquisition from sensor with the help of 
Atmega8 the program written in C programming language & dumped into the controller using C compiler. 
The program contains the following: Conversion of analogue signals (heartbeat, body temperature,) to 
digital values and indication when microcontroller detects the pulse.   
Second one is data processing module receiving physiological data from the patient. For data processing 
program written in VHDL & dumped into the FPGA using Xilinx ISE tool. 
 

 
Fig 2. Flow chart 

3. Methodology 

3.1 IR Transmitter and Receiver  

The hemoglobin molecules of blood absorb the infrared light. Each time when heart pumps, the volume of 
oxygen rich blood increases in the finger artery. Each heartbeat increases the concentration of blood in 
finger artery. The IR transmitter transmits an infrared light into the fingertip (placed over the sensor unit), 
and the IR receiver senses some of the portion of the light that is reflected back. The intensity of reflected 
light depends upon the blood concentration inside the finger artery. So, each heart beat slightly alters the 
amount of reflected infrared light that can be detected by the IR receiver. With a proper signal conditioning, 
this little change in the amplitude of the reflected light can be converted into a pulse. The pulses can be 
counted by the Atmega8 to determine the heart rate and also converted that analog signal into digital form 
for further processing. The IR Receiver picks an AC signal with some higher frequency noise. The filtering 
is necessary to block any higher frequency noises present in the signal. A Resistor is connected to the IR 
receiver to reduce the current drawn by the detector. If the intensity, of IR light is too high, then the 
reflected infrared light from the finger artery will be sufficient enough to saturate the transmitter all the 
time, and no signal will exist. So the value of the resistance connected in series with the Infrared transmitter 
is chosen to limit the current and hence the intensity of the transmitted infrared light. 
 
3.2 Filtering and Amplification of Signal 
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The desired signal can be extracted from the noisy signal using a low pass filter with cutoff frequency of 
about 2.34.The signal must be amplified for understanding and counting pulse rate by the AVR Atmega8. 
A two stage filter and amplifier circuit using LM358 Op Amp can be designed for this. This Op Amp is 
operated with 5 volts power supply. In the designed circuit, total gain is 10201. Values of Rf and Ri are 680 
KΩ and 6.8 KΩ. The 1uF capacitors, which are connected in series to the inputs of each filter blocks the 
higher frequency noise from the signal 
 
 
3.2 Body Temperature Sensing Unit 
 
The whole circuit uses 5 V at their positive terminals and negative terminals is connected to 0v (ground) 
.For body temperature monitoring, LM35 sensor has been used. It is a precision integrated circuit 
Temperature Sensor which is small and can be placed anywhere on the body to monitor temperature. LM35 
has an output voltage linearly proportional to the Centigrade temperature. LM35 draws only 60 µA from 
the supply, it has very low self-heating of less than 0.1°C in still air. The LM35 is rated to operate over a 
−55°C to +150°C temperature range. 

4. Actual Hardware Test Result 

  Table 1 
Subject Designed Device Output 

 
Standard Device Output 

Relaxed 
Stage 

Stressed 
Stage 

Relaxed 
Stage 

Stressed 
Stage 

Person1 66 110 64 118 
Person2 61 112 62 114 
Person3 69 122 72 120 
Person4 70 124 70 122 
Person5 72 126 71 126 
Person6 68 118 68 118 
Person7 62 112 64 114 
Person8 71 124 70 122 
Person9 73 126 76 130 
Person10 67 120 66 120 

Mean 67.9 119.4 68.3 120.4 
 

Percentage error (Er1) between mean heart rates in relaxed stage obtained from the designed hear rate and 
the standard heart rate monitor respectively is given by, 
 
Er1 = [(68.3 -67.9) x 100]/68.3 = 0.58 % < 1% 
 
Percentage error (Er2) between mean heart rates in stressed stage obtained from the designed hear rate and 
the standard heart rate monitor respectively is given by, 
 
Er2 = [(120.4 -119.4) x 100]/120.4 = 0.83 % < 1% 
 
Thus, it can clear from above table and the above calculations that the difference between the results of the 
mean values obtained from the designed heart rate monitor and that of standard heart rate monitor is less 
than 1% for both in the relaxed and stressed states respectively. Compared to the standard device, it can be 
seen that the designed is able to function and provide results satisfactorily. 
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5. Future Scope 

The device can be improved in certain areas as listed below 
1. A graphical LCD can be used to display a graph of the change of heart rate. 
2. Sound can be added to the device so that a sound is generated each time a pulse is received.  
3. Parameter data can be saved and record can be generated. 
4. Other body parameters can be added. 
5. We can also send the output to a mobile phone and get it displayed on the mobile screen. 

6. Conclusion 
Patient monitoring system is very useful for senior citizens and physically challenged people who are 
suffering from variation of Heart rate, body temperature and they can be treated from sudden trouble. Using 
this system we can adjust the minimum and maximum level of heart rate and body temperature, if the 
patient’s physical parameters exceed the levels then immediately the indication will be given with the help 
of alarm to the concerned doctor so that we can save the life of the patient. For this System to measure 
Heart Rate and body temperature project we can add sugar test, blood pressure, now-a-days which is a 
common disease for a human being.  
 
Acknowledgment 
 
The author would like to express thanks and gratitude to Prof S. B. Patil, SSGMCE, Shegaon (Maharashtra) 
for helpful discussions and valuable guidance. 
 
References 
 
[1]  P. K. Gaikwad, “Development of FPGA microblaze processor and GSM based heart rate    
      measurement”, IJCSMA, sept-2013 vol.1 issue3, pp.26-29,    
[2]  Johevajille K. N Mazima, Michael Kisangiri, Dina Machuve, “Design of low cost blood pressure and 

body temperature interface ” IJESE , aug2013, vol.1, issue.10. 
[3]   S. Sim, et al., "A nonintrusive temperature measuring system for estimating deep body temperature in 

bed" in Engineering in Medicine and Biology Society (EMBC), 2012 Annual International Conference 
of the IEEE, 2012, pp. 3460-3463.  

[4]  N. Bugtai, et al., "Development of a Portable Heart Monitoring System” in TENCON 2012-2012 IEEE 
Region 10 Conference, 2012, pp. 16. 

[5]   M.M.A. Hashem, Rushdi Shams, Md. Abdul Kader and Abu. Sayed, “Design and development of a  
heart rate measuring device using fingertip” 3rd IEEE International Conference on Computer and 
Communication Engineering (ICCCE'10), Kuala Lumpur, Malaysia, May 11-12, 2010.  

[6]   T.Usui, A. Matsubara, and S. Tanaka, "Unconstrained and noninvasive measurement of heartbeat and 
respiration using an acoustic sensor enclosed in an air pillow," SICE 2004 Annual Conference, 2004, 
vol. 3, pp 2648-2651. 

[7] R.G. Landaeta, O.Casas, and R.P.Areny, “Heart rate detection from plantar bioimpedance         
measurements”, 28th IEEE EMBS Annual International Conference, 2006, pp. 5113-5116    

[8] S.Rhee, B.-H. Yang, and H. H. Asada, "Modeling of finger photoplethysmography for wearable 
sensors”  21st Annual Conference and the 1999 Annual Fall Meeting of the Biomedical Engineering 
Soc. BMES/EMBS Conference, 1999.  

[9] T. Instruments, Datasheet LM35, Recuperado miercoles, vol. 27.  
 
 
 
 
 
 
 
 
 


