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4Mobil robotok, pályakövetés 

4Pneumatikus műizmok modellezése 

4Távelérésű laborok (router, 

szenzorinterfészek) 
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Å &ÅÌÁÄÁÔȡ %ÇÙ ËĘÌÔÓïÇÈÁÔïËÏÎÙ &0'! ÁÌÁÐĭ ÈÕÌÌÜÍÆÒÏÎÔ ÓÚÅÎÚÏÒ 
ÍÅÇÖÁÌĕÓþÔÜÓÁ 
ï ! ÈÕÌÌÜÍÆÒÏÎÔ ÓÚÅÎÚÏÒ Á ÂÅÅÓě ÆïÎÙ ÈÕÌÌÜÍÆÒÏÎÔÊÜÎÁË ÔÏÒÚÕÌÜÓÜÔ ÈÁÔÜÒÏÚÚÁ ÍÅÇȟ 

ï ! ÒÅÆÅÒÅÎÃÉÁ ïÓ ÁÚ ïÐÐÅÎ ÁËÔÕÜÌÉÓ ËïÐ ËĘÚĘÔÔÉ ÅÌÔÏÌĕÄÜÓ ÍïÒïÓïÖÅÌ ɉ3!$ ÅÌÊÜÒÜÓɊȟ 

ï %Ú ÁÌÁÐÊÜÎ ÖÁÌĕÓ ÉÄěÂÅÎ ËÏÍÐÅÎÚÜÌÈÁÔĕ Á ÂÅÅÓě ÆïÎÙ ÈÕÌÌÜÍ ÆÒÏÎÔÊÁȟ 

ï *ÅÌÅÎÔěÓÅÎ ÊÁÖÕÌ Á ËïÐÆÅÌÄÏÌÇÏÚĕ ÒÅÎÄÓÚÅÒ ÔÅÌÊÅÓþÔÍïÎÙÅ 
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Kvantum cipher 
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4Tablets, smartphones 
4Small PCs 

4 credit-card sized  computers 

4Raspberry PI 

4BeagleBone 

4Single-chip computers 

4microcontrollers (8051, ARM) 

4digital signal controllers 

4Industrial? Temperature? Accuracy? 
Reliability? 
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4Intelligent systems (chips) integrate 

4Sensors 

4Analog signal conditioning 

4Digital signal porcessing 

4Networking/storage 

4System-on-a-chip 

4Lab-on-a-chip 



4Noise is the signal 

4Signal processing is rather complex 

4Electronic support: 

4Mixed-signal devices 

4Analog: noise signal conditioning 

4Digital: information extraction (software) 
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14 

RRi SBPi 



4mean 

4standard deviation (sdRR) 

4pNN50 

4variance of variance 

4power spectra  
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ÅSound card interface 
ÅJava + JavaFX software 
Åpeak detection (RR) 
Åmean RR, sd RR, spectrum  
ÅPortable to other platfomrs 



ÅAmplitude: information 

ÅHeadphone out: 1kHz sine 

ÅTransistor ȵchoppingȱ 

ÅMicrophone input 



4Frequency: information 

4V-F converter circuit 

4Microphone input 
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Further external sensors can be 

connected:  

Å physiological signals (e.g.: heart 

rate) 

Å forces in the paddle 

Å velocity 

Åmore inertial signals  

Å optimal dynamic range 

Å sample rate:   

1000 Hz per channel  

Å aliasing and noise reduction 

- passive filters 

Å further digital signal analysis 



Acceleration Angular velocity 

X 

Y 

Z 

Pitch 

Roll 

Yaw 



ÅAlternative parameters:  

Stroke rate; Mechanical impulse [kg*m/s]; Symmetry factor 

Paddler 2 

(Professional) 

Training 
 

ÅDetecting the parameters in x-axis acceleration using: 

o Peak search and level-crossing algorithms  

o Yaw axis gyroscope signal 

 



World Champion 
 

Professional athlete 

(assymetric style) 

 

Beginner  

(13 years old) 

ÅVery difficult for the coaches to analyze the shape of raw signals 

ÅSimple indicators are needed 

ÅUsing  the temporal fluctuation of regular parameters 

 
Stroke impulse   



World Champion 
 

Professional athlete 

(assymetric style) 

 

Beginner  

(13 years old) 

Stroke time   



4 Standard deviation (SD) of stroke impulse decreases  with 

age significantly 

4 Useful indicator of technical skills! 

 
Stroke impulse SD 

 

Stroke time SD 
 

ÅRelationship between age and technical skills? 

 



Stroke  

impulse  

Stroke  

time  

World Champion  
Age: 32 

 

Professional  
Age: 21 

 

Beginner 

Age: 13 
 



4 Many cases the signals are more complex 

4detection is more difficult 
4The relationship between the parameters  fluctuation and 

the technical skills could be understood: 

4steady paddling is required to avoid the suboptimal 
motion  

 
4 Aim: determining indicators from the raw movement signals 
4 Calculating Power spectral density (PSD) of raw movement 

signals 

4using Hanning window,  

4smoothed with a 10 samples long moving average, 

4normalized to the dominant frequencies. 

4 avoids using complex and less reliable detecting algorithms 



World Champion 
 

Professional athlete 

(assymetric style) 

 

Beginner  

(13 years old) 

ÅDominant frequency:  first harmonic  
(belongs for one stroke cycle) 

ÅX-axis acceleration PSD 



World Champion 
 

Professional athlete 

(assymetric style) 

 

Beginner  

(13 years old) 

ÅDominant frequency:  fundamental frequency 

(belongs to the sum of a right and a left hands stroke time) 

ÅRoll-axis angular velocity PSD 



Ådeterministic part: harmonic peaks  

Ånoise: the rest of the spectrum 

Å(SNR) of raw movement signals indicates the quality of 

paddling technique, too 

Roll-axis angular velocity SNR 
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4Resistive gas sensors 

4Multiple gases: array of sensors 

4Selectivity, sensitivity problems 

4More information: resistance fluctuations 

4Magnitude 

4Shape (roughly 1/f) 

4Power spectrum measurement 

4Pattern recognition methods to detect small 

differences in PSD 

4Single sensor  multiple gases? 



4 L.B. Kish et. al.,"Detecting Harmful Gases Using 
Fluctuation-Enhanced Sensing With Taguchi Sensors", 
IEEE Sensors Journal, Vol. 5, No. 4, 2005 



4Á. Kukovecz, D. Molnár, K. Kordás, Z. Gingl et al, 
Carbon nanotube based sensors and fluctuation 

enhanced sensing,  Phys. Status Solidi C, vol. 7, no. 3-4, 
pp. 1217 1221, 2010 
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4 Chang H-C, Kish LB, King MD, Kwan C, Fluctuation-enhanced 
sensing of bacterium odors. SENSORS AND ACTUATORS, B: 
CHEMICAL 142:(2), pp. 429-434. (2009) 
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4Hardware? 

4Signal processing? 

4Power consumption? 

4Battery powered? 

4Energy harvesting? 

4Accuracy? 

4Cost, high volume applicatons? 



4Chang H-C, Kish LB, King MD, Kwan C, Binary 
fingerprints at fluctuation-enhanced sensing. 
SENSORS 10:(1), pp. 361-373. (2010) 
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41,1mW-4,2mW 
analog front end 

4preamplifier 
4 low pass filters 
45pA/Hz½ (1kOhm) TIA 

 4S. Sonkusale, Y. Kim and A. Agarwal, A CMOS front-end IC 
for fluctuation enhanced sensing, IEEE Sensors, 2005, pp. 
1213-1216 

SENSOR 


