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Sensing, Processing and Analysis of Low
Frequency Sound and Footfall Vibration for
Detection of Intruding Elephants
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Adstrdci—In this Hlevative veview, discussing seveval wet hoils
L dlelect elephanis belore Lhey are entecinpe (o Bongn vieiondly 1o
prevent the Homan:-Klephant Condliet (11EC7, Hore foenging on
the detection of clephanis peodiucing lower liequency sound nnd
thiele Foet-Tadl vllbsentons, There bave diiTornl fosture eatraeilon
methods such oy Greenwosd Tuncilon Clepstral  Canlliclents
(KOO, MelsFreguency Cepairal Covlickenis nod Fourier Lessel
Copaitrul CocMiclents (FBOCL ete. Alm ol this Neralure meview
I F1 Idunlll}' bBatter lenture sxtroctian mythied Lur dentifving
itlephant rwmiblos anid food-Tall vibeations fiam the procton] naolay
envivonmenl This pape s ilso discassing abasil dilerent cliassiilers
sing Auch ad Aviiicial Mool Sebwarks (AR N, Suppert Yeclor
Muchine (2% 3, Hidden Muoarkey Bladels §FIVIM) wnd ©imear
Fesliviive t“lﬂ“l'l“I (R, T we gan detecd the goasil il
vibintlon of the elephant 11 will e the best acliution for HEC.
Comsliloring the semsor neiwork concepl (e boprove the accarney
and the onverage area of the sysremy, Meve plen eangldoring
the pousilbillity of sell-ilinklog ARFILY Bined Radlis Collivs (o
Irmprovy Lhe 1ile spurn of Q1.

Faday Teramppe—Himmbles, Foani=-Talla, Feptorve exivaotlon, GPOC,
MFPOC, FROC, ANRN, 3VM

I IR RGLUeTioN

Mai aniimal conflict 18 a hugs pieoblem faced in the villages
wnd other ploces bordering the torest, We are focusing on
mn elephant conflict in Wayanad where our eollops din
ated, Flephuant, wilid boar, gaor, soobue decr, spadied e
and bonnet macagque are major ciop raders. Elephants, wild
bowirs il Diper wilcks casing b cposabibies g desih,
Bilephanis wene reapnsible T P3859 of the crop ralding

and huwman death in Wayanad, We cunl prediet the arvival of

clephams] 17]. Frimary need s for an alarm system 1o inform
piaple whion wn clephum is seayine oswands B v Tage, There
are several instances in Wayanod of elephants epuging damage
Ter wrerps ol propwerty andd altacking people. 150 sysiem con
iaise an alar when elephanta are cioasing o particular forea
Hmir, then people cin fake pracaoions, Thera have soveril
fevhniguer for avadding homan elephant condlict bui nowadays
thay ore m working properly or elephanis are destreying
it with their intelligence [14], The Indian ¢lephant (Elephos
Ml e Drlciisp s amm ol three vecopmized subspeoiod ol the
Anian elephant and native to main land Agia, Indian eleplian
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et 2 anad 303 mwers shodlder hedghn und botweon 20000 fiul

S.000Ke weight[21], As bath the hind foor and front fool are
aof the promnd at came time, This pait has been likened o the

Bive! lepgs and drood legd taking s running, They st this
run ot only HKmfhe. Blephonte can neach specds ap to K mdh
all the while using same pait [21].

Ahout 10,000 people living (nside the pockets inside the
wunetuary, There wre different tvpes of existing methods to
awvereome the Human Elephant Confict (HECY, Pagsive aolu
tions llke electie fencing and tenching e mone expensive
didd vivwidiys diamnging by clephiwnts, Acuyye aolubima ik
Pt winrsor Geel TR egrmpms Bgiva lows convarigs sren andd Thay
are uaing only in some pacticular locations where elephants
come Mot alten, Modt elffeient method i the vadis collia
technique; it can provide the location of the elephant fn o

purticulur intervil of tme, But it s the most risky echnigque.
eiclio collor cin wet 1o an elephant only alter capluring it and
ihsey i llieing an elepham may Conse fee D denth ol i S
poverninent needs 10 pive apecial permission for attaching o
pudlio collar to elephints, Becose of these disadvantopes of the
HEC moslutions we are trving o deteet the prosence of alephant
using dhe ewiures o thim, Flephamts o lege mamnnads
and they aie making lower trequency sounds and also have
il sl cormpaonenis swhich cun Inivel sevaeral Eiloamsiars,
umbile is the soand which praducing by eleplants maose alten
Rumble souned fregueney runge is 5-500 Herte, with HS o W)
decibels magnitude, Spectingram [6](9] of the rumble is showi
i O 1o gl swee wim s thain B Bve uocnrve shaped Tesires
of high energy o o Dequeney range of 5-50001 1 wuophly,
My papasrs are based on the feature exiraciion ol Rumble
gouidd produced by the elephanta. Elephanta are also making
wibrtioms on thelr footfinl s becnnse of thelr weighn Detection
of this vibration g very difbcolt, bot o possible o detect it will
b v beiier detceion model, Buch matemal bhas dis owsen naloral
vibruton frequency, Vibritony produces hirmonkes ingd some
bl T wl Toss die o e disiinee ravel g anid e mediam
priipertion,
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Fig, 2, Thne domadn slonal ond cormcsponding farmaie freaueng los

II. RELATED WORKS

Porinant analvais method s malaly ualing o exoiaet fentires
tronm the sound signals produced from voeal truet]4]. Consdder-
i the elephant vambles, voeal conds vileation makes sonnd
andd v vwels through the Covaly ol the skull aid teink of
elephant, ¥, Winyakulnsconya s discuasing about the formait
Fsitura asdration i bis paper, Flepbamt culls can b recognd e
by amalyzing the resonant fiequeney ol voeal tack which s
culled Formants, Figare 20 sl the fime domain signal and
its corresponding fonmant frequencies.

Fromm experiments using elephant colls revealed i the near
Fovrrmaimida wre neutly siadiomiry o They are owverlipping, Thie
Feutured VD oamed 12 can be coleulaed by

et

e ol the mosl commonly masthead Tor vinee Teinme e
tractian is the Mel Fregquency Cepairal Coefhicients (MECC),
In wevernl popers diveusqing shout the MEFCC, aned it s the
extended cepatral coeflicients extraction method by including
the property of bumon ew] Y] A Mel Fregueney hlter bunk is
using te correet the human car pereeiveds sound intensity de-
pendence on fregueney by converiing the I'[ J"i":] b i 10
[ e, which s based on human heaving. The relationslip s

o= 2395 togr (14 o)

Figure 3, showy the behiviour of the function
Mol Fragueney Hhers have Boear scale o i orsnglar
slape with averlapping as showen in figure 4,
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I the MO Tenture extraetion the =gl 1 rTi:IIII'iIIH g
o moving window and Preseimphases it Afer that the signal
paseee throngeh o Mel Fregqueney Filter hank and takes it
logarithm, The Didcrete Cosine Translorm (DT ie vaing 1o
brevge the hagher coergy coelhionenis T the o,

Circenwond Function Cepatral Cocificiens (GFOC)1][2]
o0 owell using feamre extrocdon method for ol s
sipmd rewoprivion, Croomwannd siaes Tl rmgmmals peroeivl
frequency on logarithmie seale along the covhlen, And alsoe
wwlelleal o relabienship by the Tovm ol couation

A (10 = &)

where 0, A and k are species-specitic constaints and ¥ is the
cochlen positbon. For the cise of elephonts the & s tound s
O from experiments ysing o number of rumbles, GIFOC can
b dmmplemenied By oreplucing the Mol Fregoeney Olier bank
with using the Greenwond freguency Blter Bank. Al other
proeksliimes e s Tor che RECC il CiROC

T Seine vinles FeCoEmmion ipphcaions Foamoer Besse ] copes
stral Ceoefhicient (PO method replacing the MBECC, Tensel
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funetion s eondidering M the damping model dignals and
wvirle of sound siginils ure consddered by such damping signils,
In the FHCC the difference barween MECC e, in FBOC
thie Prarmesd wigmuls wre iranslomming o comesponding Fourier
Beasel Cocthicients wnstend of perlorming Discrete Foulier
Triiw lowiie (11

Artiflcial Meural Metwork (ARMMY 15 one of the most come-
miwnly psing elimaifiers] 2] Clawsifiors are uaing for tnining the
ayatem by giving teat data Teanves of rue and Talge samples
of the object, The ANK condiats of wput, sutput and hidden

Inwer newrons. In AMM elossifler orodning time we need o
Al 1 Tor the rumible somred aned O Tor ihe Talae doia, The
FMeuron Metwodll can e constroct using the MATLATR 2003,
i ARNN b v tesl il a0 plises diroigh feed Torward
neural network fior training the network uslng back propagation
wgorithim, Efticieney of ANN inereases with the inereuse in
the number of Sumpled,

Hiddlen Markoy Model (HBMY can be used Tor clusdilying
thie features] 2], Hidden Markoy Boddel 1 o dodbly sumhiaste
premsitss ol Bomommibeer ol dimiie alaies Peil Po Pad o which
can e elmerved theough another dlochadiie process e whicl
minkes M onurmher of abserved dymbods Be(R Ry R/ 0 The
FIBAR (A=(A L7 1) conglsis of thiee probabillty models, Staie
trumsition probability  distribution (AL observation svimbiol
pribalality dhisteibation (B amed mital dtabe probability dis-
Iribnitainn, Supporn Yooty Malhing (SY M) 1 an anddlce ©liss
sifter[2] which is supervised Tearning model with associated
Iu||rn'ir1].: ||.I”n|"||lr||||.-: Pt il yae bt nsindl Tow @hassiligiim
and repression analyais,

For detectng and sennng the Toot-fall vilvations of ele-
phidivts 1A need e acleet o gond geophnne oF YiBFaton aenaog.
MFCE and Envelop shupe features can be considered us the
feabwre exteaction methad for vibmtios detection, Small coa
pesmlectre semsor] 1] and MEMS Bised nccelorometerms] 13]
arg used ol vibrathon detection i soie other applicatois.
Some hpnemvoeies of rhe yiberior sl lose oo fo the distamge
Between senuor and object and due 1o the mediom abaorption,

Curent cadio collin technigques Twing o i challenge off

lesa e mpam o the Collur, Current GPS/GPRES collars can
achve only & unes i n day o get o hie spon of dyvears|22) I
the eallar n only activating when the elephant i near w6 our
vicinily we cun improve the battery lile,
T SUR M ARY G IR RGOS

Mt ol the relered pupers we comsidenng noiaslens sound
signnl and ot applicable w the practical nolsy environment.
Frrom these papers we cnn comelude thial the sensor e s
the maat challenging in the sound and vibeation baged animal
rmeking. B elephant rumble dhdeetion the (FCC 8 e
vseful than using the Mel frequency filter banl. 11 we are
vsing e feafures we onn incrense the peonraey b iy
rwiduee the spead of the sveiem, I we can defect the sound
ur vibruhon of ihe elephunt using o high acnsilive sensor,
there huve 1 lorge possibility w do this system oy practiend. I
Wit BVl e number o sEmplas then AN O Gy sl
claggifier technigquer are most suitable, When congidering a

Fig, =

“tp§

I'I:r. 5} Hlllllhlllltl Sl

Rumible eoviel derectlon system plicaimnent

sensor nelwork the syatem can improve the securey ol the
ClBTect o (s,

IV, CXPERIMEMNTS
Ao LOW FREQUENTY SOUND DETRCTION

Wi have infarmation aliut the o Diegquensy signal in
thee elephonl tumbled which con tavel some Lilomeiers, Al
W sturbing of our cxpériments we collected some sumples
of elephunt mmbling sounds @ verity the higher energy
l'l'g'.;||u'ng'.:,- compimenis of elephani ambles, By using ihe
Fourier trnnslomnm culenltion of eoadh combles we verified that
e Figher wmphlude Deguendy compaments o gaich of e
rumbles i in between 5 o S500HE Becnuse of the |owsr
frogueney dotecion application in the nolsy onyirommen] wae
need {0 adentily the better micraphane, Degired regquency
iange 15 5w SO0HZ which coimbiies Poth the [nfrnsoiie l'EEI,h'Ii'I
undd sudio slgnal reglon,

Chiv ':"'":1”"”":\" "'l‘lh."r':"r'h'“'ﬂ.".-"l e l.1'i."4.H'.'I|'|I.'!H b il e
dquency which s 2000x 10 20 Kilx Bor the desiredd fregquency
e either wo need o0 use both nosene micophone wd
efdinary imierophone parallel of design and moke one for the
PI.'IH]L'I.I]HT g,

For the L‘l.l."-'_ﬂl'.l.l.ﬂ'.l.'l. rllm‘nlmg detevnion rom e Nolay Chivl=
ronment we are uring the Fourier Bessel ceputral coedlicients
EFBROCT ol the soed Trannes, AL Diesd we aree rommge il s
figial o MiSec with 50

For thesg ench TRiines L'I.Ill.'l.lll.:l'uﬂg the Iedrler trnsionm
VUTRI P HEHEE BT B DhRE el OWR B T TRy
companents other than the lower frequency ange,
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Fig, 7, Spectegran of munhles

Mow we are golng for the spectrogrom of the signal to abtain
ihe relution wmmong the enerpy. fequency and fime, Here we
g sz Thul thi mirs WTWTEY l.:unlﬂ'in'inp rrl._':ql,u.,'.m.:y AT R TRTR AT
dre low frequency, and ilso noticeiBle that the rumbling sound
th b U sl a Dol e senke i e SpeCiigra,

Mext step @5 w0 eohance the spectrognom to @lter the
highir energy connpomnents, Here we wre Dnding the gracdivnis
ol the spectiogram and some enhancement processing like
atcithinge, wisorting, and Dwding Figen values il weighiing
these values, The tensor s detlied

Thin enhanced spectragram if passing o the preenwaond 1il-
ter bank, The greenwons] Qler bank 18 designed as the elephan
woil el with spediie coelowns, Creenwood Toumd Ui
eneh mummil has s own difterence in the producing sound
I'ri;l,y,n;nu}l in I:'rgm'iﬂuu'i.; sele alomy their cowhlion, And he
mwdelled the relutivnship with the equation,

ATTOT = B

Iere o A and K are apecies apeciiic conatants and x s the
i b hlair p.;\,..‘i.l'iun, Wil |b'|.'iliH i i |,,l.;|||||1'in|1 i limit i I'ﬂ,gqm‘lnl.:y
wiarping through the following equations for real frequency 1
il pereeived lregqueney 1,

Fu(f) = (Lfadiagld{f/A + &)

IThe constiney e A nnd Koodre the Treguency  coohibear
pasition data which in available, Fere greenwood tells that
the value of K for elephant: is 088, With uring the known
infvrrmatiom ahowl the mammm and mosimuem Fregqueney of
That eliaphant vurmbling soumed e devivdd egquilions o determing
the constanin a and A The heaving range of oo e
cetenmines the o ad A,

A = [imnfl - K

o= logl fl,l"'rrr.u.r.'f.f"l - i/

This Mier bk will Gler oul e signal more seloetively in
less Dregueney region than highen For compotation of cepriral
verlors we o taking the Disereie Cosine Trans (o {007
of the loganthin scaled version of the ealinneed & pectiograii
RUTTIELTEE

The agurepated features of the known mombling sound
anil kmvwn monses wre using for the iomining of il sysiem,
Eumbling soumd is giving as the positive cliss nnd the nolse
AT G eglive oligs, T nimibers ol backgrinmd noise
samiples are misre than the mumber of information saniples, We

R T
T

Fig. ® Tossilull vibrabwn deteciing system plassmenst

hove chosen the Souiae Yecoror Mochine (SVR) as derectog tor
ihe tollowing rensons.

1) SVM is computitionally eflicient for novel dala detec-

tion appllcation and for an neomatle detection.

21 W hove fewor sumples of the elephant pnmbles than the

TR s,
M PO FALL VIBRATION SENSING

There are many leraties wlking about the abiliey of
elephuints 1o communicate using the footfull vibritions. nnd
weniming ol olher elephunis puih by ddentilying the Tootlalls,
There v i speciiicd datic bt the oot lall vibrions other
than it is a low frequency signal. Becavnse of the higher
uttemuation vt af wedl we need foouse g highly sensitive
vilwation sensor at the end,

The hist experiment s to dentily e belter vibiition
gensor Trom the available, We checked plezo clectile sensor,
secelerometer, SWe420 vibraton module switeh and dise type
pesa eleciic senser, We ured the all sensors in the same
wiiarh el surlince wod produced sooe amount ol knock
abzerved the ourpur. Finally we venfied that plezo electic
sensor nsing in #1045 hydrophone is belter sensor mmong them,

Hydrophone Tepe BI05 A sl sphoricul fmmsilueer Tor
making absoluie sound measurements over the  Iregquendy
v (01 Ha to T R He with oo recerving seosilivaly o 2008 i
ie | ¥V/Pa. It is rugged, being capable of withstanding pressures
al ap e LOF Pa (100 won s 1000 m (3280 fey oeean depth),
This hydrophone hus exeellent directionn] charneteristics: ot
10U kHe, 10 ommadireciionul over 360 im0 the sey (rudial}
pline nnd 270 0 the -2 tixinl) pling,

Mow wu g godng e objocr ad posiiion Jdenlifeation

using thie pieze alectric sensor, Belare going o the field
wiwh we are going lor ddeniily the known olgect ome The
vibrutons through test bench, Here we used i wood wble s
the vibreating surfoee and some known objects as froe Talling
vibration sownve, A dest we will use only one olyjest fom
iffercni haight amd thatunee by laking wne ws conslani
clileulite the nmplinide of the vibriton from differént heighty,

Frow the esperimmen observed b, 40 e Bedgghn ol The
abject falling increanes the amplitude of the amplitude of the
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Flge = 8143 hydiophois
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vibintions wcrenses propoitionnlly. When the distanee of the
alyect Falling point inercases, the amplitude of vibrations are
decrensing proportionally,

Mow we collected the ourput data of the sensor by using the
free full of different objects in ditferent helghny amd disimees,
Then comverted thewe pipnale o Mrequenay domain using the
Fas1 Fowrier Treanslomm (FET)L And obscrved that ol e ae-
quency components are in less frequency range. If the distance
s TN e Inltlml-nu:‘.r ST T .;_'I||1|1ginﬂ inil
disappearing, For all material and abject Talling thme, one
requeney component s common in higher amphitude, which
ia i the A9Hz (approximiaely). When the Talling material s
ehurged in the sime woil pible some regueney conmponenis
are changing, 5S¢ owe are assunung thot 300z may e the
malural fregueeney of ihe winsl Jable, Al ooere reguency
components are with respect o the vibrating falling sowice.,
And lgo there hive some fregquency companents shitring
when the wrea of dmpact iz changing, Here we cwme to
o owomelusion thei 10 we can wdersboenl ihe sibrabiem mnse
trequency ind nowreal frequency of vibrng body we cin
Pler those Tregueneios ind there v s chianee ioodennily the
abject infarmation, And alsa with using more than 3 rensors

we can deteriming the direction of the sowrce 1T we pot 1he
correct relatonalip between height, distunes und moss of the
alyjait.

Vibration throvgh one material will puss through the neigh-
boring mpierial in conlaet, Here this materinl oy uel s
frequency converon And also the vibinton will insler 1o
all the area of the second materlal in contact. I a vibrating
material 1w aging unier the sath adtiee vilration thaugh
e paths will pat o ihe fecond material

0 REAL FIRLEY TENY WHTH KLEPHANT FOOT FALL

We dic an initial real feld work o Muthanga Wild Lire
sundtuary Wayanid, wed 10 sense the caplured elephants Toot
inll vibratlons, Here we oie ossuming that 20dike welght of
thie elephant is distriboting to s foor leps and one footfall
weight ot S00Kg. and alis the heaght of the feotiall coniul-
SIS e very leds s below [SOM. Dbed both pleso eleding
senror and water columin based sensor Tor vibratlon SENAMINE.
Hatarg the elephams prrival we checked and veritied beth
of the genuors outputl by preoducing impacts w e prowd,
B wlier somie o e sensiivity ol the wiicr colimn
based] sensor is reduced sipnifcantly and it becime very poor
worimd i ivie 5T sormie haners, € heckesd aned doleniiicd that e sodl
which mitially i contact with the water column became dey
il precloded afe gapes o Between e caril and e wili
columin. That becaimne the meoson for the less transmission of
thay wibrabisen,

When the clephant s walking the pieso electie senan
proclueed very numy nosed which e unkndsn o us, Thia
fose mny b Lronl other uiwaited vibintion sources thiioigh
earih, Here wa wwmig Gy gne conelusian  Thad Polaprhimis down
fall ie less impaet than expected, Sa owe nead o use elther
e sensitive vibration seondor o sdditional sydtem o file
the desired signal from the noise and amplify (1. Piezo elec
irie wemsor coniinisly momitorin g some e virying nise
sompanentys, which are semelime coming i higher vidoes,
These mivde spgnals are relabed e the Dvpes ol strodiore of
the sl of 2orth, 50 1 we peed 1o 481 an sensel or obhaining
the footiull vibritions of the glephiin eyl we nesd o sy
the type and airacwore of the godl and g maodel, Then we
can s it rasddel B concel them own e receiving signal,
And then need o analyze the relationship hetween frequency
wnil alisiumee ol Billimge Iroeres Db misnisinr 08 vhierie Fgivas Trom il
practical situation, And also we can use this vibeation sensing
migthod 10 anulyvee the sl type and s struclure,

V., CONCLUSION

Lovwy frequency rumble sound s deiectable femm the sure-
romrieling nemse 1010 has bigh losdness than somee Tegquenay
fioise. Using FROC makes the aystem more accurate and alan
maore dlow, Blephints never mike vimbling sound often, 5o
we need Dl algerithm, as checking s done every 30my,
Flephumy Tstfall wibrabions wne very less inoamplinede, 10 we
nesd 10 plck up them clenrly we nesd good sensors and i
syt i st ] prndaed il oarrowt peasiUiom Tor seisor amder soil,
In ceder o calibrate the senming sysiem, we need o siudy the
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charactensties of the vibrating materinl (soil). Need 1o make
a model of material o filtee oue the components with respect
1o the falling ohject (elephant Tootlull). Need 1o analyze the
relutionship between frequency and distunce of falling from
the sensor it there s,
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