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INTRODUCTION

PEAK SIGNAL DETECTOR

By : CLEANTHOUS CONSTANTINOS

The objective of this work was to analyse the electrical
activity of muscle reached at different levels of force.
The electromyographic (EMG) signal was reached, using the
concentric needle electrode, from the biceps branchii muscle
at 10%, 30%, 50%, 70%, and 100% of maximum voluntary
contraction.

The signal is analysed in the time domain by’ extracting
the parameters ; number of zero crosses, and mean amplitude
between peaks. In this project power spectrum analysis is
introduced as a possible way of analysing the EMG signal.



CONTENTS

CHAPTER 1 THE NERVOUS AND MUSCLE SYSTEM
1.1 THE NERVOUS SYSTEM ... etveetencnasnencnns 1
1.1.1 INTRODUCTION ..ttt teeneneonroneeoansoonns 1
Ts1.2 NERVOUS TISSUE ..scsaconsnascavosnsnossses 1
1.1.3 NEURONS . iccceessssoccsnovssnasensssascesas 2
1.1.4 NEURES ciicessvsanmcovoanmnnccosoionssossssa 4
1.1.5 THE NERVOUS SYSTEM ........ siEBsaBE RS o s A
Va2 THE MUSCLE SYSTEM ........00... s m o s -
1:2:1 INTRODUCTION suscnaswssmsmssomsnsamessionss s 7
T1:2:2 SMOOTH MUSCLE .. cscovossoanssonnsasasososson 8
1.2.3 CARDIAC MUSCLE + i et i et veeeoosannsansansse .8
1.2.4 SKELETAL MUSCLE ..t ittt tnnoeroonncensosans 8
1«25 MOTOR UNIES v aecovogosossssesssosssnssas 8
1.2.6 MU ARCHITECTURE . ut%cevsmmmesnmnsssessemns s 9
1.3 ANALYSIS OF THE MU ACTION POTENTIAL ..... 11
1.3.1 INTRODUCTION ccveososvossnooscaconcssnoces 11
1.3.2 CONCENTRIC NEEDLE EMG ........ccicevueenne 12
1.3.3 RECORDING TECHNIQUE .......cc00es.. oo ne 13

CHAPTER 2 INTRODUCTION TO SIGNAL PROCESSING

THE FOURIER SERIES AND TRANSFORM

2.1 THE FOURIER SERIES .....c.cietiiienrcnnenns 14
2.2 NON PERIODIC SIGNALS AND THE DISCRETE FOURIER
TRANSFORM ... ittt it iii et annanenanss 16
2.3 THE ANALYSIS OF RANDOM SIGNALS .......... 19
2.4 WINDOWS .o sccsocmssnnmpsosnmnsnssessnensssss 22
2.5 THE DFT APPLIED TO REAL SIGNALS .......... 24
2.6 TEST SIGNALS e consnsaossoarionsmesssoi 28
2:6.1 INTRODUCTION . ...ttt i renrennconnonsnnns 28
2.6.2 DC LINE ...ttt tieeeensneeescsnsonncnnes 28
2,6.2,1 MATLAB COMMANDE ..ovavssomssmnsensmnennesn 28
2:6.:2.2 THE SICNALE ..cssissscasspasassnsnsacsensn 28
2:6.3 SQUARE PULSE ...t ittt veteernnonnssoonnons 29
2.6.3.7T MATLAB COMMANDS . ... .ictitieennennnnnconnnas 29
2:6,3:.2 THE SIGHALE civsnrssvsnnnonnnmnusossesssss 30
2.6.4 SAWTOOTH .ivevssevsvsvsvsosnssvusessssnean 31
2.6.4.1 MATLAB COMMANDS . .¢ttetevceoennccooncsoass 31
2.6.4.2 THE SIGNALS .. ... teeteenoececnnconnsnnss .31
2,645 SINEWAVE . osssovssssosaosnsiscnssoonoosssss 32
2.6.5.17 MATLAB COMMANDS ....to0veos ve e e s w e caesea 32
2.6.5.2 THE SIGNALS ...c.:0045 TR R LY « 632
2.6.6 MULTIPLE FREQUENCY SIGNAL .....cceeoeeses ..33
2.6.6.1 MATLAB COMMANDS ....:covveevonnnsas wnwwn wDD
2+6:6.,2 THE SIGNALS :i.svswsnvasnsissss ceecsenesas 34
2.6.7 SIGNAL WITH NOISE ....¢ciceeeeeocconccas ..34
2.6.7.1 MATLAB COMMANDS . ....citivcrreonnacsonns : » 35
2.6.7.2 THE SIGNALS ...ttt veneccenononannnans — 1



CHAPTER 3 SIGNAL ANALYSIS

3.1 INTRODUCTION ..o swanwwsoneassomsnsssnmessio 37
3.2 ANALYSIS IN THE TIME DOMAIN ......ccccee0a. 37
3.3 ANALYSIS IN THE FREQUENCY DOMAIN .......... 39
3.4 RESULMS ososoecmosomsmamommansamnnss sy vionsyss 40

CHAPTER 4 CONCLUSIONS

4.1 CONCLUSIONS ...ttt entoanosesnetcoosocaasnssns 69



