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ABSTRACT

Human elephant conflict (HEC) is a severe social issue in several Asian countries. A
possible approach to prevent HEC is to identify the presence of elephants remotely,
thus people can get precautions. This research introduces a method to detect
presence of elephants by acquisition of seismic signals generated by their footfalls.
A seismic sensor — Geophone was used to convert seismic waves to analog signal
and then it is converted to digital domain. Digital signal processing techniques have
been used to develop an algorithm that distinguishingly identifies subsequence

signals due to elephant footfalls.

Developing such an algorithm was a major objective of the research. A novel
algorithm has been developed based relative harmonic contents of the transient
signal generated by elephant footfalls. Machine learning algorithms have been used
to get the intuition and obtain this algorithm. It uses features of transient signal
generated by a single footfall; thus a detection result is generated for every

individual footfall. This makes real-time detection possible.

Data acquisition and recording hardware has been designed. Site recorded data was
processed and analyzed offline in MATLAB environment with a laptop computer.
Development and testing of the algorithm was done entirely in MATLAB. However
algorithm was designed to be implemented with much less computational power in a
microcontroller. Therefore the electronic systems which will use this algorithm can
be fabricated as portable units and they can be used at HEC affected areas to get

elephant intrusion warnings.

Algorithms developed with SVM classification and relative harmonics contents
could successfully detect elephant footfalls below average time period of 6s; even
when high environmental seismic noise is present. This had been lowered to 3s
periods when there is less seismic noise. False detection has average periods of 10s

or more.



To my appachchi and amma, Mr. & Mrs. Jayathunga for teaching me to read.



ACKNOWLEDGEMENT

| could do my research because of the grateful help | got from many great people.
My family farther, mother, sister and brother-in-law are my source of working
aptitude. Inspiration and norm | get from them are the strength to pursue my work. |
could extensively benefit from research experience of my sister, Maheshi. She gave

me the confidence that ’'m working on a worthy research.

| especially thank to my supervisor Dr.Upeka Premarathna for guiding and
correcting me throughout this research. Also without his encouraging words this
research would not cover extent that | expected. | wish | would have work with him

more closely.

| also thank Prof. Rohan Munasinghe for being with our batch and for advises he
gave us on conducting the research. As well I thank Dr. Chamira Edusooriya and Dr.
Shehan Perera for giving me advices in the reviews which broaden the scope and

knowledge.

| acknowledge the Department of Electronic and Telecommunication Engineering of
University of Moratuwa including its entire staff for facilitating to conduct the
Master degree and research. | would like to thank all my batch mates who cheerfully
helped and cooperated in every stage of the research. Lastly I’'m grateful to office
staff in my division for their understanding and leaving me to work on this research.



TABLE OF CONTENTS

LAY Y 272 O L PP UTPTOPRTP ii
ACKNOWLEDGEMENT ...ttt ettt e e e s e e e e s s s e eae e e e e e e e e sannneneeeas iv
TABLE OF CONTENTS ...ttt ettt ettt e e ettt e e e e e e et e e e e e s e smneneeeeeeesesannnnnee v
CHAPTER 1: INTRODUCTION ... e s e e e e e e e e e e e e e e 1
1.1 Asian elephant population in rEJION.........cccevirirererieieieerereseeeee e 2
1.2 Sri Lanka cultural association with elephants ............cceceeverereninencncncnncees 3
1.3 Reasons for extinction of Sri Lankan elephants..........cccccceveiieceveniecieseececeeene 4
1.3.1 L0SS OF NADITAL .....coveiveieieieee e 4
1.3.2 Ranging pattern of elephants...........cccoeevevireceeciceeeceeee e 4
133 Destruction of elephants...........cceeeirerererereeereee s 5

1.4 Status of Human-Elephant conflict (HEC)........cocoverieiiininineneneeeeeeeseeeen 7
1.5  Related Previous FESEAICH........cccvveieieieiirieeteste ettt 8
1.6  Objective 0f the reSEArCH .......cceivieeeeceeee e e 9
CHAPTER 2: BACKGROUND ...ttt ettt e et e e e e s e et e e e e e e ennneeeeaeas 10
2.1 SEISIMIC WAVES .....evietieeiriesiesiesie ettt stestestestesee e e st esessesaessestensenaeneesessesseseennan 10
CHAPTER 3: SIMILARITY SEARCH IN SEQUENCES ........ottiiiiiiiiiiiieeecereetree e, 11
3.1 INtroduCtioN 10 TIME SEIIES ..c..eveuieiieiieieetertesterte ettt 11
3.2 MALrIC ISTANCES......cuerieiiieiiiteieteete et 12
3.3 Similarity MEASUIEMENL..........couiiieieitieeieie sttt e et te et et e et e besre e e beeanenns 13
3.4 VarianCe and COVANANCE. ......ccerveeeereeertestestesie et eestesaestestenseeeeeneesessessessas 14
3.5  Correlation and CrosS-COIElation ..........c.ccverererienieineneneseseseeeeee e 15
CHAPTER 4: DIMENSIONALITY REDUCTION OF DATA ...coiiiiiiiieteeee et 19
4.1 Principle component analysis (PCA)......cccoieieirieerieseee et ee e sreeenens 19
4.2 Discrete Fourier transformation (DFT) .......ccceeeiiieieneniee e 23
4.3  Piecewise Aggregate ApproxXimation (PAA) .....ccoeeereriereeeeee et 25
4.4  Adaptive Piecewise Constant Approximation (APCA) ......cceveririeneneeseneeens 25
45  Piecewise Linear ApproxXimation (PLA) .......ccociiievierenieceseetene e sreeenens 26



CHAPTER 5: SYSTEM DEVELOPIMENT .....eeiiiiiiieee ettt 28

51  Overview of Data acquiSItion SYSTEM........ccervirierierieinieineseseeeeee e 28
5.2 Seismic Sensor — GEOPNONE SM-A.......ccveviiirieiececeee et 29
5.3  Data reCOording SESSIONS ......cceecuiriereertieiertesteeteseeee e sreeeestessessesreesesreessesesanenes 29
CHAPTER 6: DETECTION ALGORITHM ..ottt s 31
6.1 Identification OF CIFCUIL NOISE .......ccevverrerierieieieieee et 31
6.2 Digital fIEIING ..c.eoueieieeieeieeteeee e 31
6.3 Data transSformMation............coeeerieieirinirese s 31
6.4  Determination of features and exXtraCtion ............coeoeveiverineincnneneeeeeeenes 31
6.5  Dimensionality reduction of data ..........ccccceeeeeieiieeereceeeseeee e 36
6.6  Developing an AlgOrithm.......cccooieiiiieieeeee e e e 38
6.6.1 Use of Principal component analysis (PCA).......cccevueeiieeeceeenieecciee e 38
6.6.2 Use of Support vector machine (SVM) ......cccouveeceiiiiieciee e 38
6.6.3 Use of relative harmonics content ........ccccceeeeriiiiiiniienienc e 41

6.7  Parameter OPtiMIZatioN.........ccoiiieiiiieeee et st e 42
CHAPTER 7: RESULTS ...ttt sttt sttt ettt st sttt e b e b e sme e e e e s 43
7.1  Detection of the elephant fOOtfalls ...........ccocerireienieinie e 43
7.2 FalSe UEIECTION.....couiieietieeeeteteetee sttt s 43
CHAPTER 8: CONCLUSION ...ttt sttt sttt sttt sttt sbe e b e sae e b eanes 51
8.1 Detection of ElEPhANTS......coccciiiieeee e e e 51
8.2 Query sequence identification in a timMe SEeries.......cocceeecieeeecciee e, 51
8.3 Portable algorithm ... e e e 51
8.4 Possibility of further developments..........coovciiiiiiiiee e 51
8.4.1 Range of deteCtion ......cccuieiiiiiii e 51
8.4.2 Rate Of deteCtioN ......civiiiieieeiieeee e 52
8.4.3 Effect of SOil CONItION....c.coiiiiieie e 52
8.4.4 Implementation of algorithm on a microcontroller..........cccccoveeeecrieeeennnen. 52
8.4.5 Identify different seisSmic Wave SOUICES.......cccvuiveieciieeeciieee et e 52
8.4.6 Implement with Analog electronics .......ccceevecieeeiiiiiee e, 52
REFERENGCES ...ttt ettt sttt ettt bbbt eat et eat et s bt et e s b e sbe et e sbeeseenbeeneenbesbeeasenteeneens 53
Appendix A: Design of signal amplifier -filter circuit and ADC for data recording................ 58
I, GaIN CAICUIALION. ....ceiiiiiirietet e 58

Vi



1. Circuit CONTIGUIALION .....oveeieieeeieieee ettt eneens 59

I11.  Selection of Operational amplifier IC............cooooereiirinireeeeeee 60
IV. Circuit schematic and SIMUIALION .........cccoeriiiriiiniiccc e 61
V. Verification of design Parameters .........ccevveeereeeereiieeeese sttt 61
V1. ADC and the microCoNtroller..........ccoevieiriiniinieinccec s 61
Appendix B: Extracted feature ValUS ......cc.uuviiiiiii ettt 66
Appendix C: Correlation matrix of fEatUres ......cceeivvciiii i 67
Appendix D: Readings transformed on to orthogonal space by SVD........cccccevvciieeiiiieeeennns 68
AppPendixX E: MATLAB COUB....cciiiiiiiiiiiee ettt ettt e e ette e e e ette e e e e bte e e e sbteeeseastaeeseseaeesennes 69

vii



