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Abstract—Recently health has been a very important parameter in the mind of people, so a monitoring system is required to 
keep them alert about their health. Monitoring systems are also required in Intensive Care Unit of arious hospitals. Hospital 
staff faces difficulty in handling devices due to their bulkiness and huge number of wires while giving medication to the 
patient. Monitoring system requirement is of very small size and low power operation. A small size, wearable device is 
presented in this paper, which consists of PSoC 4, photo interrupter and a very small size Bluetooth module. The system is 
totally wireless due to the use of Bluetooth module. It is attached on wrist and it can also be attached on the earlobe. Photo 
interrupter is used to read the data in the form of analog signal which is further amplified and converted to digital signal by 
ADC present in PSoC controller. PSoC is used mainly to reduce the system size, as both analog and digital peripherals are 
available inside a single chip. Due to this the discrete analog components such as OpAmp, ADC and Filter are reduced. 
Analog signal obtained from sensor is processed by the controller and the values of Heart Rate (Pulse wave) and 
Temperature are calculated. Temperature is obtained using the LM35 sensor. Total system is mounted on 3 different small 
size PCBs and the size of largest one is 19*15*3 mm. System operates on 3.3V and current requirement is less that 50mA, as 
the deep sleep mode has been used in both PSoC and Bluetooth. The system is powered by a Lithium Ion battery. A wireless 
wearable system is built which gives two different parameters of health i.e. heart rate and body temperature. The problem 
faced by doctors and nurses can be reduced by using this small size and wireless device. 
 
Index Terms—Programmable System on Chip(PSoC), Heart Rate(HR), Blood Pressure(BP), Photoplythesmography(PPG), 
Wireless Sensor Networks, Health Monitoring System(HMS). 
 
I. INTRODUCTION 
 
Health is the most important issue for every person 
and people now-a-days are more kin about their 
physical fitness. Medical field uses different Health 
Monitoring Systems(HMS) to monitor the patient. 
This monitoring systems are now available for 
personal use and they are of small size. But such 
small size system monitors only a single health 
parameter. Some types of wearable health monitoring 
systems are used to monitor the heart rate of the 
person[1]. In this, system is attached on some body 
part and the data is transmitted remotely. Some 
systems are used to monitor the fetal health present 
inside the mother stomach[2]. Mainly they used the 
phonocardiographic method. In some systems blood 
pressure measurement is done by the Secondary 
detection from photoplythesmographic signals[3]. 
The system does not have the traditional cuff method 
but considers the peaks in the pulse wave. In some 
systems the person’s vital health parameters such as 
heart rate, blood pressure, oxygen saturation are 
converted to meaningful information by equating it 
with the threshold values. Here certain adaptive filters 
are used to do this[4]. Mainly in HMS the system 
should not be bulky and should be wirefree so as to 
help the nurses to give proper medication. To do this 
Wireless Sensor networks are used[5]. 
For a small size and wireless system the device 
should be very small hence the PSoC Controller is 
used which is low power device and has both analog 
and digital peripherals on single chip. PSoC is an 
Programmable System on Chip that has analog and 
digital blocks to configure the mixed signal circuits. 

It has internal OpAmps, ADC’s, DAC’s and 
Oscillators. It has SPI, UART modules due to which 
the external discrete devices are reduced and hence 
the size is reduced. The main aim of the proposed 
system is to give two vital health parameters i.e. HR 
and temperature with a very small size and low power 
consuming device. In this paper a system is proposed 
which gives two outputs HR and temperature which 
are tramsmitted from the device to the mobile by a 
Bluetooth Module. 
 
II. PREVIOUS WORK DONE 
 
System was designed previously by undertaking the 
PIC microcontroller which needs some discrete 
analog components to be mounted on seperate PCB 
such as filters, opamps etc. System in Fig.1 has a 
photo interrupter, RF module, PIC microcontroller, 
battery holder, and clip on PCB (35 * 35 mm2). 
Although system was attached on earlobe, system 
was too large to monitor continuously in everyday 
life. This system was much big and bulky in size and 
shape. Therefore some other authors started using 
PSoC controller with small size and both analog as 
well as digital peripherals on single chip. But this 
authors calculated only a single health parameter. In 
order to make system more efficient two different 
health parameters were considered and the latest 
version of PSoC i.e. PSoC 4 was used. Also a very 
small size bluetooth module is used to reduce the size 
further. Bluetooth used is operated in deep sleep 
mode and the device wake’s up when it is required to 
transfer data reducing the current consumption of the 
system. 
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III. SYSTEM SPECIFICATIONS 
 
A. System Architecture 
System Architecture is as shown in Fig 1. PSoC 
based system is implemented in this paper. PSoC 4 
i.e. CY8C04200  
 

 
Fig. 1. Image of System built using PIC controller. 

 

 
Fig. 2. System Architecture  

 
kit (32 bit MCU subsystem) 48MHz ARM Cortex 
M0 CPU with single cycle multiply is used. A 
photointerrupter SG- 105f is used to detect the pulse 
wave from human body. The data received is 
analysed by the PSoC controller and then the data is 
transferred to remote laptop or mobile by the 
bluetooth module. Bluetooth module used is HM-11 
because it is very small in size(18*13.5*2.2mm). The 
earlobe shown in the architecture can be replaced by 
the wrist of the human hand. 
 
B. Hardware Implementation 
HM 11 bluetooth module mounted on a PCB is 
interfaced with the PSoC 4 microcontroller. The 
photointerrupter reads the pulse from the ear lobe. 
The calculation of Heart Rate is given Fig 2. PSoC 
has all analog components present internally i.e. 
Programmable Gain Array (PGA), Low Pass Filter, 
Amplifier, Comparator, Timer etc. The 
photointerrupter and the bluetooth module are 
controlled by the PSoC IC. The pulse wave detected 
by photo interrupter is processed in PSoC i.e. it is 
amplified, filtered and again amplified to make the 
signal strong and noisefree. The processing work is 
done by the PSoC and at its output heart rate count is 
obtained which is transmitted to the bluetooth 
module. Then that data is received on the laptop or 
mobile. 32 bit timer in PSoC finds the time to 
complete the single pulse. The time interval between 
the pulses gives the heart rate. 

C. Software Implementation 
1) Heart Rate: Timer and a counter is used to find HR 
count. The timer is set for the period of 1 min and the 
digital waveform obtained from the ADC is counted 
in this interval. This can be seen in Fig 3. This count 
of the digital pulse will give the HR value. 
 

 
Fig. 3. Heart Rate Calculation 

 
2) Temperature: Second parameter is body 
temperature which is obtained by using the LM35 
sensor. The LM35 
series are precision integrated-circuit temperature 
sensors, whose output voltage is linearly proportional 
to the Celsius (Centigrade) temperature. The LM35’s 
low output impedance, linear output, and precise 
inherent calibration make interfacing to readout or 
control circuitry especially easy. The LM35 is rated 
to operate over a 55 to +150C temperature range. The 
work related to this parameter is not yet done so the 
images of output of temperature is not included in the 
paper. The sensor will be interfaced to PSOC 
controller with the help of inbuilt ADC. 
 
IV. RESULTS 
 

 The setup of Hardware and the Heart Rate 
count received on mobile are as shown in the 
Fig 4 and Fig 5. 

 The results are partial and the value of the 
Temperature needs to be added to it in 
further work. 

 The final PCB’s which are to be embedded 
inside a wrist watch to make a final wearable 
device is shown in Fig 6. 
 

 
Fig. 4. System Hardware 

 

 
Fig. 5. Heart Rate Readings received on Mobile 
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Fig. 6. Final Design of PCB’S containing PSOC 4 IC, Bluetooth 

Module and Photointerrupter. 
 

 
Fig. 7. Existing System to find Heart Rate. 

 
V. DISCUSSION AND FUTURE WORK 
 
The work has not been completed yet. I need to 
reduce the size of the device further and all the small 
size PCB’s are to be Embedded in a wrist watch so as 
to make device wearable. 

 
TABLE I 

LOG TABLE OF HEART RATE READINGS 

 
 
The readings obtained on the wrist are more accurate 
than the earlobe reading. In future work we can find 
different health parameters as blood sugar level, 
oxygen saturation level etc. 
 
CONCLUSION 
 
A PSoC based Wearable Device for health 
monitoring is presented. The PSoC is utilized to 
miniaturize the system size because the discrete 
components are present in PSoC IC. The PCB sizes 
are 19*5*3 mm. The current consumption of the 
system is 50mA. The heart rate data is received on 
the PC or mobile phone through the Bluetooth 
interface. The system is able to detect the pulse wave 
and transmit the data to the Doctor. Due to the use of 
PSoC controller the system size is reduced to a large 
extent. Again we use the Photoplythesmography 
sensor system which is much efficient. Now a days 

the size of the bluetooth is reduced to a great extent 
and it is same as the size of a coin. So use of such 
bluetooth module makes our system much smaller in 
size. Electromagnetic Interference affects the 
performance of system and is also responsible for the 
accuracy of output obtained. But the system uses only 
one wireless technology i.e. Bluetooth and hence the 
Electromagnetic Interference will not be caused as 
total frequency band of 2.4 GHz will be used only by 
Bluetooth. The heart rate parameter can be found by 
this system but the system can be further modified to 
monitor all vital parameters of human body such as 
Blood Pressure,Oxygen Saturation and Blood Sugar 
level. But this parameters makes the system bulky 
and complex. 
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