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Introduction 
   

Application of computer systems has been growing 
greatly in medicine over the last few decades. There are 
developed physiological parameter monitoring and clinical 
decision support systems, which help to take clinical 
decisions for medical personnel [1]. 

Possibilities of application of system for human 
physiological parameter monitoring are growing in other 
application areas. The reason is minimization of physical 
space and power consumption of electronic components 
and novel inventions in material sciences. The 
manufacturers of electronic components offer low power 
consumption components integrated into a small packages. 
So, physiological parameter monitoring systems could be 
designed as mobile systems. There are some possibilities 
of application of conductive threads for electrocardiogram 
electrodes and for respiration sensor design [2]. Better 
comfort characteristics of the human physiological 
parameter monitoring system could be reached. It gives 
possibility to integrate the system into the clothes as well. 
Application of the system could be extended from 
medicine to industrial safety, sports and other areas. 

Pulse is one of the key of physiological parameters for 
human state evaluation [3]. The goal of work was to design 
pulse sensor, which meets main requirements for 
physiological parameter monitoring system sensors: 
robustness to motion artifacts, comfort and low power 
consumption. We will take into account in sensor design 
that monitored people could intensively move (walk, 
climb, flex).  

 
Structural scheme of the sensor 

 
The main heart rate sensor principles are: 
• Heart rate detection from electrocardiogram; 
• Photoplethysmography; 
• Inductance plethysmography; 
• Doppler effect; 

• Phonocardiography; 
• Shock sensors. 
The method of heart rate detection from 

electrocardiogram was chosen because of its robustness to 
motion artifacts, low power consumption and possibility to 
analyze electrocardiogram of monitored man [4].  

Signal gathering, amplification, analog processing and 
analog to digital conversion is handled in a mobile system 
part, digital processing and visualization – in a personal 
computer. These two system parts are connected by 
wireless connection. Structure of the pulse measurement 
system and arrangement of functions is presented in Fig. 1.   

 

 
 

Fig. 1. Structure of pulse meter 
 

Scheme of signal amplification and analog processing 
 
Specifics of electrocardiogram (ECG) measurement is 

small amplitude (about 1mV) signal extraction from much 
higher amplitude noises. The main noise sources are: 
potential of electrode polarization, noises generated by 
changes of electrode to skin contact, 50 Hz line 
interference, high frequency noises, generated from other 
electronic devices, noises generated by muscles. 

Two stage single supply scheme with instrumentation 
amplifier was applied (Fig. 2). Single supply Texas 
Instruments instrumentation amplifier INA326 has good 
common mode voltage (50 Hz and electrode polarization, 
which could reach 500 mV), rejection characteristics – 
CMR>94 dB. Electrode polarization potential has 
differential part as well, which could also reach few 
hundreds of mV, while electrocardiogram signal is about 1 
mV amplitude peak to peak. To avoid saturation logic was 
applied:  



 68

• Chosen low first stage gain (instrumentation 
amplifier gain=5); 

• Low pass filter (integrator A2) was applied in 
feedback for direct signal component decrement; 

• Operational amplifier A1 amplifies alternating 
signal (gain=100) and acts as a lowpass filter (3 
dB cutoff frequency 100 Hz). 

 
 

Fig. 2. Scheme of electrocardiogram signal amplification and 
analog processing  
 

Electrocardiogram signal bandwidth is 0.05 to 100 
Hz. Integrator 3 dB cutoff frequency is: 
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This cutoff frequency could be increased, if 
electrocardiogram is not signal of interest and pulse is. 
Filter with 3 dB cutoff frequency at 8 Hz showed much 
better reliability characteristics of sensor, because of 
increased robustness to motion artifacts. But the 
electrocardiogram signal became unacceptable for analysis 
because of most P, T and other wave suppression.   

Operational amplifiers A3 and A4 were used for 
additional 50 Hz noise suppression.  

 
Analog to digital conversion and data transmission 
 

Low power microcontroller MSP430F169 is used for 
analog to digital conversion and for control of data 
transmission. The microcontroller supports five sleep 
modes. Processor of microcontroller is off and it is waked 
up just by interrupts. So, power consumption of 
microcontroller is reduced. Analog to digital conversion is 
implemented by 12 bit successive approximation register 
(SAR) analog to digital converter integrated into the 
microcontroller. Sample frequency is 512 samples per 
second. Voltage reference integrated in the microcontroller 
is used for pedestal voltage generation for a single supply 
measurement and analog processing scheme. 

Wireless data transmission system was chosen 
according to parameters of the system: power 
consumption, operation range, speed, and compatibility 
with other devices, which could be used in a future for 
system expanding. Comparison of common, short range 
data transfer wireless systems is presented in Table 1. 

Wireless data transfer systems, operating on IEEE 
802.11 (Wi – Fi) standard has high data transfer rate, but 
high power consumption as well. Systems operating on the 

basis of IEEE 802.15.4 (ZigBee) and IEEE 802.15.1 
(Bluetooth) standards have much lower power 
consumption in comparison with IEEE 802.11, and speed 
is sufficient if such parameters as heart rate, respiration 
rate, movements are monitored. ZigBee standard was 
chosen. The reason was better operating range and power 
consumption characteristics. 

 
Table 1. Comparison of common short range wireless systems 

 ZigBee Bluetooth Wi - Fi 
           Application 

 
 Parameters 

Monito-
ring and 
control 

Cable 
replace-

ment 

Video, 
internet 

Net size 32000 7 32 

Transfer rate (kb/s) 20 – 250 Above 
1000 54000 

Operation range (m) 100 10 100 
Power consum-ption 

(TX mode) 
25 – 45 

mA 40 mA Above 
400mA 

Power consum-ption 
(Sleep mode) 3-10 µA 200 µA 20 mA 
 

Operation of XBee data transmission module is 
controlled by microcontroller MSP430F169 logic signals 
and USART module of microcontroller. Data is received 
by the same XBee module and is transferred by RS232 
cable to the ComPort of personal computer.    

 
Data processing  
 

QRS complex emphasis and detection was used for 
heart beat detection and heart rate calculation. Relative 
power spectra of ECG, QRS complexes, P and T waves, 
motion artifact, and muscle noise are presented in Fig. 3 
[5]. 

 
 

Fig. 3. Relative power spectra of ECG, QRS complex, P and T 
waves, motion artifacts and muscle noise 
 

Scheme of digital signal processing used for QRS 
complex resolution is presented in Fig. 4. 
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Fig. 4. Structure of algorithm for QRS resolution 
 
where BPF – band pass filter with a corner frequencies 8 
and 20 Hz; dx/dt – derivative; x2 – square function; and 
1/nΣx – moving window integral.  

Sensor application specific is heart rate monitoring in 
a daily life. So, robustness to human movement artifacts is 
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essential for the sensor. The main QRS complex energy is 
concentrated in a frequency range from 3 to 20 Hz, while 
main energy of noises generated by motion artifacts, by P 
and T waves are concentrated up to 5 Hz. So, sufficient 
signal suppression up to 5 Hz is essential. Eighth order 
infinite impulse response high pass filter which 3dB corner 
frequency is 8 Hz was designed for this goal. Second order 
cascade realization was used for filter implementation 
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There each filter section is 
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Low pass eight order filter is used for 50 Hz, high 
frequency noise and noise generated from muscles, 
filtering. 3 dB cutoff frequency of the filter is 20 Hz.   

14–th order derivative was used for further QRS 
emphasis. Transfer function of the derivative is  
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Value squaring is next signal processing stage  
 

2)]([)( nTxnTh = .                                                      (5) 
 

This is not linear signal amplification, where higher 
frequencies, which are mainly due to QRS complex, are 
emphasized [5].  

 

 
 

 

Fig. 5. Electrocardiogram signal (above) and processed signal 
(below) 
 

Many abnormal QRS complexes that have large 
amplitude and long duration might not be detected if 
output of the square block would be used. The 
improvement is made by applying moving window 
integral: 
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where N – number of measurements involved into the 
mowing window integral. N is chosen according to 

maximal duration of QRS – 150 ms. N=76 for 512 Hz 
sampling frequency.  

Results of signal processing are presented in Fig. 5. 
 
QRS complex detection and pulse calculation 

 
Adaptive threshold (Fig. 6), used for QRS detection is 

composed of two parts: steep slope threshold – M, and beat 
expectation threshold – R [6].  

First value of steep slope threshold is obtained from 
maximal 5 second value of the processed signal: 
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QRS complex is detected if such condition is met:  
 

RMYi +≥ .                                                                 (8) 
 

Permission to detect next QRS complex is denied for 
230 ms after each QRS complex is detected. Newest 
threshold buffer value is calculated in a period QRS – QRS 
+230 ms: 
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 The estimated value can become quite high, if steep 
slope premature ventricular contraction or artifact 
appeared, so it has to be limited [6]: 

 

55 1.1 MnewM ⋅= ,                                                    (10) 
 

if 55 5.1 MnewM ⋅> .                                                (11)  
     

Steep slope threshold buffer is refreshed excluding 
oldest component and including newest: 

 

55 newMM = .                                                          (12) 
 

New steep slope threshold value is calculated: 
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M is linearly decreased in an interval 230 to 1200 ms 
after last QRS detection, reaching 60 % of its refreshed 
value at 1200ms. After 1200 ms M remains unchanged. 

 

 
 

Fig. 6. Beat detection with adaptive thresholds 
 
Beat expectation threshold – R is useful for detection 

of the beat with small amplitude which comes after normal 
amplitude beats. Fast amplitude decrease could appear in 
cases of electrode artifacts. Buffer of five R – R time 
interval values is refreshed after new QRS detection. Rm is 
the mean value of the buffer. R=0 in the time interval QRS 
– QRS+2/3Rm. R decreases 2 times faster then the steep 
slope threshold (M in time interval QRS+230 ms – 
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QRS+1200ms) does in the time interval QRS+2/3Rm – 
QRS+Rm. After time QRS+ Rm R value becomes constant.  

Pulse value is calculated: 
 

 ∑
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where P – pulse value; L – length of buffer of pulse values 
(L=5); 1−−= kkk ttτ , where tk and tk+1 – time when k – th 
and k-1–th beats were detected.  
 

 
 

Fig. 7.  Pulse sensor 
 

Possibilities of power consumption minimization 
 

Sensor (Fig. 7) uses 45 mA current (supply voltage – 
8V). Transceiver uses the main part of the current. 
Measurement circuit and microcontroller uses just about 8 
mA. Such possibilities of power consumption 
minimization must be investigated:  

• Reduction of the sample rate; 
• Application of transceiver sleep modes; 
• Implementation of digital signal processing, pulse 

detection and calculation in the microcontroller. 
Thus just pulse values or emergency signals could 
be transferred; 

• Shutdown of measurement circuit between sample 
periods.  

Conclusions 
 

Pulse sensor hardware was designed and software was 
written. One lead of ECG is transferred to computer by 
wireless connection to personal computer. ECG data is 
processed, pulse is calculated and visualization is made in 
a personal computer.   

There is a need for further research for sensor power 
consumption minimization. 
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