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Dr. Lolomichn, Vioiting Profcosor f£rom
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Dr, 8,k,Upcihoyoyy Doclcw, Dopde ofF Cuology ol
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po00iblo vighout Cho co=dporction of tho otof? ot ¢ho

Cooputor Conmter, Roorizco and Instituto of Potrolovn

Lrplorotion, 041 ol [atupal Goo Commioolion, Dchro Duny

£t vill Do uncrcodcus not ¢o Comiion tho nemoo of
Ur, VeCollthnn, 12D P00, 10,01,C44005001 omd U9, 0,00y,
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Toin cro Guo S0 1y frdondn DpyR,C,Dolon,
Dp, TDonpczodon, Lo, VA jayaiumar, 102, Py K, Gupto,
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o tho pact odz o ooven yeorp Copotrol
Deain Desoovolution hao boon given pora chtonte
fon oo on nltopnstivo nothod for colemie dosons
volution problcio, Thio toeshniquo voo pricsrily
Acvolopcd by Opponhaoin, Schafer apd Otesihon®®,
Ulpyeh®® opplicd thio tcshniquo ¢o colcaslony
for ¢tho ceporction of convoiveld nictnlo, Tho
pecticnd oprlicotion of ¢thio tcechniquo &n tho
24014 of poirnie proopesting won diccunncd by
D1, Ctoffo,Pe cud Droyon P20, g4 enes
dipcertotion thios tcahindguo hop beon tpniicd ¢o
peooUCR tho mowPeo vavelot ard prouni troociie
polcn x’océamo.p Tho ocpowetion of tho csuren
wvovelats and tho ground Srancmiocoion poth POOpO=
aco 1o eceeicd ouwt by vinSouvinsg in tho ¢opotrnl
demadn, Uo vero oblo €0 oopepolo courco wovolol
2 Cho troncRoclion poth pocponco cnld Cho Poculto
obtalnsd cro diconcocd in tho fourth cheptcr,
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Pcponlto of petroloun ond maturcl pon oro leccded in
rocorvalers Geop bolcy thoe surfoeo of tho oopth, In cxder to
{inmd Choco rocdurccd coaphyoleol nothodo of caplcerction ocvo
uced, Tho otPuatures of tho cortha 'o orunt, ond tho prooomso
6% ororny 011, conl ond otheor ninceolo oon bo infcrrcd £ron
studico of tho veriouo phyoiceol placnsoonn Sclins plrozo vith-
in ¢ho corth ond on 480 CWrlrgO.

Doicnio propocating 40 ono of $ho st doportont noth-
odo of peoophyoical procpeating, Tho cbjcstive of ccdcmic
progpesting 8p to fmvoctinoto t€ho pgeologicnl citrusture of
tho c:#th ' crust boocd on tho ciudy 0f tho propeg:tion
of olegtic vavos cpeifiodolly epocted 4o i¢, Tho olnctis
ovon ecuccd by on onplopion rrroponotd &n pll dircations
penctzcto AmBo tho obuct to proctor dcpthio thcro thoy gt
peflooted ool pofeeatcd of Cho imscexfooed Lotucen tho loyezo
of roslin, OSGCr poflcotion oF rofrcotion vithin tho corth
¢ho voveo rciurn $o Cho oupfcoo tacro Choy ovo peeordcd
by cpcelold inatpurcato 4a ¢ho forn of 0 oolcoegecn. Dy
Govcroining Cho $4D0 of tholp €ransit (md 4Ewoctigcling
tho ehcreater 0f tho pround vibp:£iono, Oho dopth cnd chapo
ef ¢ho peolegicnl bounlo ploo ot vafehr roflcstion o

sofrration hovoe eseuwrscd con Do AsPerpcl. An 1deo con consiroo

bo foumd o ¢0 tho eomopition of tho rorlio ecarpriping theco

loyeso,



Tho €igficenltios vhieh Dooct tho coicaie proecon aro
duo f;é tho imscpforonso ont nodoo. Dvorythian Shot &0
genorotcd by tho colchle coureo troveolling over otheoy thon
tho deodecd patho (Lo, tho poth follovcd by tho peicopy
roficetions) enn bo Lormed imdorforomo ond ovorything
that 10 cddcd to tho codcnie cipgnn) duping tho dotcating,
rceordingy ond proecooing of tho soicnie doto &0 arico,
Madno 40 ovorything in tho poiomie doto thot 4o 2t rolotcd
0 tho ouhourfeso otrveturc, %Tho dcolrcd poflcetion pipnalpo,
vith noico puporirpsoci, onld dcterted ond pesordcd, Tho
prodica 40 o onzify tho oingnol ia ¢ho progonso of Chwo
ndioo, Operctionn Choveforo miuct noninigs tho oipnnleiow
Dyloo potio,

thoro oro tus priesipol voyo $0 4o thios

(0) 7o eonflust tho £10)4 operctionn co that o ninicun
of maico 4o gonorctcd, oF tho offcotso of meioo cro nininiocd
durins tho pceopding procono,

(b) %o procooo th o rceoxd Aata co ao $o vciugo op
olininsto tho msipo thot 16 pecordct,

Tho vord ‘cirnndt o o gonsric Sovn that oy deacko tho
tino verickion of ooy hyoleol quomtity. Ve omerslo, corth
stion ia colcnie oxplorction pay bo 2o o8cd co o pinnal,
tho voltero weaordo tho  ocpth rotion 4o olco o oipgaci, ond
ca 10 ¢ho catual rpeaosding on, popey oF on coagnctie Copo,



Doforce wo ma ncko ony annlyoisn o docdgn ogquipnons,
vo pudt firot ogPco on hoy to chorcatobico tho signoln.
In thio vopl vo oro Amorestcd 4n digiteh oquipmont,
Thorofero vo choll coowmo thet oll the sipnnlo hovo boen
diesticed, omd thea cosh ofonol 4o coolilcblo in tho form
of o tino pcRico,

in ooicotle vors ¢hero 40 cluoyo o 8iptinstion rodo
botvoon o wvaveleR o an oEbitoPy ooicoie popoiding,
Cualitctivoly o vovcict 1o o gipmal vhoco voluo 10 noplie
gibly cooll czeopt 4n cono £4nite $iro intorvol, Thuo o
vovolot &0 oposhel 4n tho chercstors 4 uvavolcot can bDo
roproconicd Dy o coquenso of crpldtulcs ho, Dyy Ney wes o
Tho ouBcepipto dcansto tho t4c0 vith ocoopling dntepvel
zoFooliced Co unity, It ip oooumed thet hy @ o, 1<0 ond
Shet o wovolct hoo o Rinito oncrye

Hezo vo avo Lcrootcd o oeperato Cho coureo vovolct
£ron Cho pcoordcd ool roageehe

Doen colonie ¢reso 1o o tico ccrics pzdo up oF £Cflm
catced ovodlo toacthics vith vorioun imdcefering v.vop ond
as’ico, %Tho doodecd rcflcstion ovemio oro tho poicqgy rofld
catdono, thet 40, veveo thot t2ovol doun Co o glven peficote
o o then beelz vp €0 tho curfoeo vhero thay oo pesosicd,

An fcportos Sypo of umicoirchlo inScrfcriom vevo 40 Cho
ultinlo Poficntion,



mo O AUE KB b T

PROMCIPAL SUBSURFACE REFLECTOR

SURFACE REFLECTOR
SHUT

“TER FACE

SR AL SURSURFACE REF. P "0k

SURFACE REF.ECTOR
SHOT

\ |

o
INTERFACE ‘-/ ;

_ v

PRNOPAL SUBSURFACE REFLECTOR

FIG t I

MULTIPLE REFLECTION

T,/p, 1
ryvt 2
TYPE -3




A adGiplo peflication hoo o roy poth thet 50{:3
dova to o glvon peflcator, thon wp to casther peflcstor
ord then doun agodn $o otill another poflcetor cnl oo on
~ doforo 4t roschoo ¢o Cho purfreo ac chovn 4o tho Pig,l.i.

In ony loycecd oyoteny theso oro many pooodblo
culitiplo poflcetions, Tho proccnso of nultiplo reficate
loza polizo tho idendificotion of privcyy roflcations G0
cult €8 Cho reyovlcd cofcnie trcooco, ond thopefopo 46 4o
Reacoocky Lo precops tho teczoo o no o otteancto ¢ho
cultiploo ao oush co pog oibdice

4 ppceiol Bied of culeiplo pofleotion in tho co-ealldd
voverberctions op che=per'od pultiplo, Dnorpy Ceoapped
in tho roor cwefeso loyoro Beopo octbing poficetcd bool ond
Lozth, cel ¢hio omcrgy beaences cbteosheld ¢o tho pricery
pef€lcetionn oo they (povel Shrowrn Cho ooop curfoeo layero.
fp o roculf, Lootcok of hcﬁ&ng caorp elocy pefications with
gead ¢iro reoolution, vo hovo poflcstions follcucd by loma
roveeberd_tdon ¢rodn, Fhooo trodbs ovezlop with ¢ho: trotno
of cvscccling princey roflcetions, ord th:p tho vholo coloe
Dic treso c2¢uiron o 2imaing oF Acnpcd odrucsidol ehoprater,
8o © Pcoull &0 40 G40f1i0ult Co piol: cul ¢ho onoct of tho
pRin: ey pelicationd, Tho colution (o Chio problch conoicio
of ccmaolidng Cho onspay ia oreh poverbepction ¢holnos bud
looving 4s3cot tho prinopy poflcetionn, thuo imepcacting tho
rocalution of oll Chc woflicetcd ovondo,

O |



For tho oinplicity of caplonation tho oicnols oro
osourcd €0 bo combimucup. Hovewer,oll the proccosiny 4o
dons for cowlcd ciparls ond tho roquizrcd changos vill bo
Gocaribed ot tho cppsoprioto plecos ia tho thoois,

Befero vo procced, wo acell potp conccpte £roen  Lincor
oyoten thoory,

Lot uoc firct (ofino raco of Sho irportont Scroos

1.3, BefAntsdont

1.1,1. 8imnale~ In tho contont of thio wirl, tho oipgnal 45 ony
;m?.l behovef sagucneo of scrplo voluoes.

1.,1.0, Synhrnt~- & oyotes 10 o eollcetion of phycicol dovicen
thot gencecten ono 62 mpe oignnlo,oollcd tho output
04ranlo, 0oy Y4 (8) 4 3 = 1,0y seey 37 § YICD chiruloted

. DY como othiop cica lo, eollced tho impat pigaslo, 6oy
z4(2)y § © 148,83 sae iy Tho input cicnulo cro cleo
eolled tho cticull, cnd tho outoiut olgmalo czo clco
ecllcd tho rorponpoo of Sha Dyotcs,

Hcthometiccldy, tho syoten ecn bo pepresented by o
cct of polctlons

vet, o Ba{ay(t) , 2y(8) y eany upe) 3
e 4 B 1,0,4.4, L (1.1)

oz o cinslo imput oimglo-output ¢ooc, tho
caustion (1.1) toio0 o ompley forn
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vie; = B{z@)] (1,2)
0o 0o pulfined o nocdcd,
Tho gunztionnl Il 40 oold €o Do o oycicn opcyetor onfd
dcfinet Sho oyclel ceaplotoly,
0 pingle-input sinslo-output oyoten 4o choum in Pig.1.8,
BelsBe XA ‘ s & gyctcn 1o ondd €0 bo
ﬁim-imwiaﬁﬁ 42 o tico mhifRed fanut nignmnl
vill yiold o corrosponiingly Cicowrchiftcd cute
put olganl, Op on oncaplo, £00 0 LinoWAnuchSs

oS opoicy
nfa(e)} = y() soplico
n{z(e+T)) o y{teT) (2.9)
for all T

A oyohen 40 oold o Do Sicosvcpying othorvico,

10108y | ¥ 4 pyotea 40 oodd $o Do
horagcesous 4€ tho peononso of tho oyctca €0 o
okeaod az{t) 40 oquol ¢o ‘af ticon tho reoponco
of tho oycsca Co tho sigmal n(t) £cr oy consbond
‘a'y Thot o
n{entt)) = caafne)] (e}

1,1,58, / A T o A oyosen 4o coid €0 bo cldisivoe
48 {ho perpeaco of Cho oyoten €0 o plganl
7, (8) #mp(0) 40 quol to tho oun of tho rocpences
02 Sho oyctcn ¢o tho oigeol my(S) omd nall).




nfne) o 2] = Bfmte] s ofsed G
' , ~ A gyoten 4o 0oid %0 Do linoowk
42 4¢ 4o Doth haooponcsun ond clditivo, For
cgomplo, 42 B1(6) oot z.(C) cro ony AmHude
oigaoio cod 0y, o OFO 0RY gonstont thon
n{om{t) ¢ cong(e))
™ ggn(§1(t33~@ aﬁﬂ{?ﬂlt)a (1.0)

16 fcns Ualt ctop Comtcd by Uy (0)

40 ¢ soimug $ico fumntien ths veoleo of
whéch 20 0 far £<0 omd 49 1 for $20, oo
ghoun 8o mg.a..a,

1a1,0.

!

Lo definoheo unit icpulco

to Bo tho dopivctivo 0Ff Cho umt otep, dendtcd
by U_(8)e Gpcphicolly vo uco oa cysov GO
deazto ¢ho ums ivpulco, ¢o chcva o ¢ho

Fige 1:0,

L'llﬁﬁ

, TOLB0mRRNCOM  Tho Peoponco 6f o ilaoop,
Sinceloveriont oyccm 60 tho unit dnpulco
U,(t) 20 kooun oo tho fmpulco rosponco OF
¢ho cycicn onfl vwill bo Comsted oo hit).
Thot 40 4%

o{s) o U, (%) (1,7)
thoa 7(8) = B{U.(%)] = h(e) (1.5)
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onnlyco tho oipgnnl not dipcaCly but ofScep
cadteblo iinose tponoferpotion, Tho
Sronoforpow-donnin docapiption of tho nignnl
hoo oo Lo ono corpocponionto o tho LANow
Gonnin doceription 1f tho treopcforn 0
invortiblos Ono pguch linccy Sroncforn vhich
comitueto tho exthorornol dcgompooition of tho
ndgral An Cczno of tho oimicoldol ozl soginu-
coidod componcnio,. Tho fouricy tronsforn of
tho oinmnl 40 rcfopecd Go oo tho Pouricr
ocpeatetT OF piroly cpcatrus of Tho odpnnl,
Tho Peuricy Cronofern polctioncains cvo

O
54w) ng () oiETEL g0 (3.0)
ol \ <
ond '
j ®  ieees -
2(8) © Jitw) o ag (2.10)

- Q0
vhacee U o Orf, Tho Andcpeadond vepichlo

£ o v oro roforpcd S0 oo tho £rcquonsy
ord polion frogquoney reopcativoly.
Bg.€2.0) peprocento tho ¢Panofornictlion £ren
tho C4mo Gomaidn o Cho focgueomy dencln 0
ol 0Qe{3.10) reprocezto tho Anverco G0
Lorpation fren tho Leogucmy donoin ¢o eho
tico domnin,

TNo Gcfinmﬂggn of DQpe(1e)) ond (1,30)
accrs thet Jlﬁ’(t‘.}l G <€ oo (1,11)
1,09 SRCD cno-gggml Ap OHhealstoly 4te peblo,
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In cddigion, thoro oro othor comlitions Chat thoe f.ucstion
£(t) hoo %0 octiofy 4a ordce o bo Fourice ¢ranoforcacblo,
but wo vill nooune Chot all thoco confdtions ere ootioficd,
in cﬂas.eam& 2t vil olco bo soouncd thot

12¢e)1° ae < oo (1.12)
2404y thot Oi?ho pignnd hos £ialto oncrpy.

thoncuce tho oinasl 4o ooxmled o tho oyotes £0 o bo
annlyced axi tho dipitol eomputcry tho comkimwous Pourdcr
tronofoin ecr 19 2o bo uocd, Tho didcarcto forn of tho
Pourdor tronoforn 20 uocd ¢o no €0 vacl om o €4pital
comutcr, Dub vialdlo vorking on o d&pltol comuer the
dennin 0led 89 varo ecaoling 4nfinilto Dub conwcrto Co fimito,

Tho dicercto Poupdcr Cronoforn (DIR) paip, Shel
cpplioo €0 Cho ocodicd verolea of tho combimiouo oigenlo,
ip pivcn by tho Lol cuinn Leo,

=1 ~iov i/
M = L o) o .jm (1.12)
Ra0
7y ) b L2 cod HE A
a3) =1 §5§ 2(g) o' T IV (1,10)

gor § © 0pl¢lpscvcecenrcsnnse 3 cid
70 024Dy sesasessnsegns =3 003
Z(3) omd 2(R) cro 4n goncral ecoolcgs Bone (1,10) 40 o
formala yicdding a pericdie coguonco of nwrdero uith
peried 0,
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1.,2.1%, % re Poanstiiont= Tho teanofor Lunstion
tolls up hov tho Pourdcr cpcetoun B{v) of
tho iamt oiganl u{C) 40 codificd by ¢ho
Poooogo theough tho 14moowy tinostavcrion
wmc:s, Uopo cpesifically, ¥{u), tho
Tourd-cz cpeattun of tho outpit oicank y(t)
io pniven oo

¥(v) © B(v) K(v) (1.16)
vhoro I{u) 4o boova Gp ¢ho ¢Ponnfer funstion
ord 4¢ complctoly dofinco tho lisonpd oo
favcrdod oyoscn,  IC con bo choun thot Cho
traenfoy funstion H{v) omd tho iopulco
zocporoo h(t) of tho Macre, tiro=invoriond
cyosca form o Pousrdor tronsforn poir,

pikon A Poy Inpdops- X2 h(¢) 4o tho
icmuico pocoeonso for oty lomoie-Ripc-inveriocs
oychca, thon tho output 1o plvon by tho convolum
$203 0f thie i:z;;m‘; oigaclo 'c,nwia tho iopulco PoCcOORC0.
%hio 4o ‘d:mvm in tho Pige.leB,

Thio con Do nothonetisolly onprogoscd oo

v{s) o n(e) » n{s) {1.10)
o0
a[ﬂ('f.) h{t = T) 7T (1=17)

- 00



Cuppoco vo c2o pgiven h(t) amd y(€)e Thon 8¢ &0
poacoidlo €0 colvo Cho fnvorco prodlcy il £ied nit),
¥hio prezoos Ao collal tho inveroo £1l8cring or dow
convolution, %Tho cycton nccoopory €0 porforn ¢hip
portievicy cporctica 40 onllicd tho Smwerco £4ltce
omd heo Vi(u) s 0(v) oo tho tronofor fumtion,
Thio con bo mathcantienlly uupecoocd oo

i) = /v) , ¥(v) (1,73)
oF #{t) o g{S)%y(e) § vhceo g(t) 4o ¢ho 4mvorco
Poupdce tronsfern 6f 3/41(uv),

Cabciituting for y(8) £pcn Dan.(3,17) &n Cgn.(1,18)
GO gots
u{t) o gle)wh(t)sn(t) (1,19)
thag gle)#n(e) o U (0) (1.20)
vhoro Uy (%) do undS &opulco, '

o rezosdcd polcmagpon &o tho convolution of tho
initlol couToo uoVclct,y tho ground irpulco pesponso ol
tho Anoteeors peondnros A tecro 0f poflicotion colorow
gron 40 eCDorcd OF o pront verdoty oF uvoves thab cerdve
ot tho ceefeoo bBul 20 ©9t polatced Co tho ovort of oup
iicreote 2ho of-nol of indcrest &0 thoa peoicd by ol
theoco wEuCadcl wavese

I 1o cos st hoppono 0 Sho Dopdnd colomaprenge

13
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) 1Y CRrifennte  In poring oolcoie opciliond,
tho votarain imcofere 40 o £ict, chpong pofleocter with
reficetion coofficions elono L0 =1,

Connlder tho cplitudon of tho roflcstcd cad ipsidond
veveo nocP tho fatopfeco By Lok a, bo tho coplitvic of
tho imalders Yonsdtullanl wovo Py o ap tho cmplisude of tho
poflcotcd longitydinnl vovo P 33 ® Byg tho coplitudo of
tho roflcatcl trongverco vove Py0;. Then

App o ow,/ o, ond Ay, © am/np (1.01)

Theco cpo Gconed op poficetion aocffiedento onld Qufino

¢ho copliituico of Sho peflcatcd vovoo cororcd to tho
coplisude of tho fnzfdomt wovee %R0 Pcfication ecoffisicato
dopond 4n o compliccvcd nomey o0a tho cigle of 428dcs30
cel tho volcaitico (md éconoitioo fa Cho refio cdiceead €0
tho inScefrzo N, En morpol dmsddomao, o 2oy 10 pooponide
culee G0 tho dmdcrfoso R o thet o Oy tho peflcetion
coo2fi~4cmto Solieo tho forn oo

P@PL“ PQ_ Y PL (1.22)
b ﬁ}‘%’ﬁ' f Opa
%g o G, (2.,27)

vhceo 6 4o tho Ac2oity cnlBpdn Sho volesity of Cho
flpot ©oddun ced f 30 o donoity ol Uplo £ho volesity
of tho cc20xl modin,



$ho poedust Pv o 2 4o callcd tho wovo iopcderso
of tho oliuwn, I8 4o cloar Lron DQ.(1.22) ¢hnt tho
roficetcd wvave forno only vhon
FYp £ RCP2 (L.2a)
Thuoy Foflcatcd voves form ot tho bounderico thot
cepeeto loyows wAth difforons wovo inpofomsons CSush
bouderlceo cpo oolicd soflcoting bounllcpico,

In coany orFeco tho vatomsboticn dimtorfreo 40 oloo
o pteong roflestor, Uo thom hovo on cRoppy C2ap, O Bon
cttomnting rediuv bouanicd by tus strong poficeting
Ae3coPeacly A pulco pomareted 4n Cho CPopy OF OcRing
tho tecp fren bolewr, will bo ouscocoivoly roflcatcd
Detuoca thy tus intorfeeco, tAth o tino Smtcrvel cquol
0o tho Svo=wray TRcVOl tioo, ol ony copYitudo desay doponle
cts on tho roflceCion eocfficdcnlo, Deacuco of ¢hig, valid
pPinepy poficaticno fron Qoptho cro obrcourcd by provicusly
octablichcd rovceberotionn,

Tho vctor revorberction pmbiem voo £irct pcsopnioed
on tho beolo of Cho pcrot porlodicity of 0 ruito of
coderagecs £ron tho Porotan Ouie®® ond ¢rooted fop onoe
loycy oo Oinzo Chom pinplop rocowdo Bovo bech perone
niccd oo o copfen ol vado gprocd linitctien Co tho cogue
dccbien €2 volid cudbowleso cbpuveturol dnfornction,
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\

1.0e BArreEy of Dofo-de Drtn Prosnnninaees Tho £icld of
coionie dofo proconcing hoo ocom %o ot fopert ot doves
lopmesio 4n tho look 86 yooros lojor cdvcmscs hovo bdeca
codo in tho corplogity el »oolion of tho wadoplying
n-theaotieod nedolo of geaphyoieol dotoy 4n tho offinionay |
ond cophaiotionticn of tho 4ipltal dota presogoing olgowithes
uccd, ond tho fmrcdustion cnd fnnovotivo vido uco of
Qicitol eoiputorn,

Sho £iwot oigaifiecnt cvenro in geophyoieod Gcto
prozocodng 80 accocicted wath tho NI2 G20 Gpoup crd tho
roloted warl of R@an:nn“, ‘Ercitolg',&, Cloczbous!?  cte.
Thoip dnpastoas comeibutionn oro fud £old (1) thoy
providcd foinly cophdctiectcd radolo £o° colomie dcta
possoooing 4n tceno of poriden ¢iro oerico, ond
{11) ¢thoy utiliocd for colcrde doto prezogoing tho thon
vocey cde m2ed otciicticol £410cping cnd cooothing
oigorfithon of Ulcnsell ctey Tho compibutions of tho
CAG Group cowplcd uith tho maﬂmmaﬁ of ¢ho digital
comutc? 4D tho cPly ond oitenintios eolpletoly PCVO=
it londiccd colcnlds poasoncings Follsuins ¢tho vorls of
tho QM0 Cooup, thcro hovo beonm pony othop eontzibutlions,
[=omg theeo cro thoco of Goupdilocmild, Tpotu:1%® (ot

on tho £220lldng cnd oloocpithnie ncpcato of colpmds
dcto eacocing o
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In ¢ho dd=-0iatlan othor pnjos Govoleprondc 4 [Com
phayofeol defa prescooing nothad ¢oslt plcoos  Acong Shed
vzo tho dovolepness of tho ecpczyal Gornin deeonvolul ton

» , 3R ' | ,
by Oppoicin GBe 0de™" | ingah hino boon applicd %0 gcoe

phyoseal dcto presceoing by Ulsyeh®® cmd Stoofo Co2e20,

2.8, Bxt A e Tho proocst otuly cupocos tho
theorotionl eonscnto and forral.Glon of tho prescos and
crantnon tho appliochiidty of ccpoteol denonin desosvolve
tiom far Cho cotfr-tion of tho cowao wovelct ol Cho Cpwe
erndaoiea funetion for Cho renl popin duto pogamdcd o
Cowrachten eezsinesel daclf by tho 0421 omld Dagural @05
Colpoica Offciceo Colomic Dmplerction povtys ALY Cho
coryabc? ppasrersoo ¢ G0 tho waelo prezcco om o GAnAGoR
ecHWICT uoro dovoloped celd Soctcd vith Cho cbovo ocdd
reol 4780 o

o ccoond ehicptor doolo vith tho thovecdisn) copoeto
of tho prcoos peoblcse Bho third choptop doolo with tho
acopuletlonal eoncldcpctionn, peoeciero cnd tho dotollo
ponerddng Gho peod Grto cote  Tho fourth chopicr deolo
wvith tho ccoulto ol @iceuoocion cad tho £4£%h ehopler
consiuvlco tho w2l
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Ve

Hany wavo fortg of intorost eon Do roprogented in
Corpo of o convolution of corponant pipmanl, Tho troneoe
ndooion cyoten 4n tho procont comtont, con bHo onovmsd
o bo linsop prd C8rp fmveriont with cortoln Quolificoe
tlono, To cotchliph Rimcopity vo hisvo to chov Chot &t 2o
heoogoncows crd cdcitive, Sho ot 2o otietly cpoolting
nat hozopcnosuc 4a Sho oonco ¢f cosbion ==, Doucuc?,
within tho olagtis 1iniG 8¢ bchovep oo hormsgoncoun, TFow
vibpotions Grokssdtecd by o vovo theoua o refivny Sho
capezpeoition pednadolo way Do formaleScel oo £ollcuog
1,0, Cho vibrcticn & on aooignad poiot eouocd by Cho
ceohincd c3tien ¢ ¢ mrden sf woveo 4o cguol to tho ocun
o¢ tho vibrctieno ccuocd by Andividucd vcveds licthenctic
olly, for o itnoc? Aieforoptial ogu $ion, tho oun of
inddvidunl polutions vill clco Do o colution of tho
oguction,

$00 cycten undcr connddepction 4o not Gimow-dnvepiont
oloo 4n ¢ho otpist ochco, 4F Sho 4y c3plo of Arcroct
dc doogce Dut onn choiller $4po 200, Cho 1itholopy
omd tho otecticoporly of tho popion witdce otudy eon o
cocuncd €0 Do conotord omd tho oyotca cca bo ooouccd to
Do CACoeinycricnle
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™o uoligisctions ukdes vhish tho pyotcn unlcy ctuly
40 Foprocomtcd by eomvolution polotionchip mot Do kopd in
ded, But thoro 40 mothing umasuol ia ¢ho nocd to pud
gualifying elcuoco 14lko theoo, ILdnocriCy omd ¢icnine
verdonso 0f oyotcas ofo eomsoptunl abotrestions onrd oo
phyolend oyotca vouild hovo thooo otiributos in tho ciriet
ConsOy |

£o viart vo ot oo tho eusput c£Scy blactint cca BO
geprocoscd no ohoum dn tho PineS, ts

Thug Sho ooicoacpen valch vo gob con bo peppeceatcd
oo tbp coroludon 02 o couveo ¢iro Lfumation opld Lho
troammiocion path rocponco co cxploiecd cbovo. Xa erder
$9 popapcto coural $4mn Sumotion cuml Cocprfonion poll
£ron tho comvolvcd SPC20 vo mocd tb hovo dcgonvelution

tcshnigeo, Copoteal doonin dosonvolution 20 o of ctho
¢cshniques vhtch hoo very pcrontly boon tpicd (Cooffo
ote 01 0,0,10) Lo tho purpeco, Tho thole proscop ins
volvcd 4n this ccpciyral domnin decorwolution con B
onplofncd up chovm oo 4n tho Pig,8.2,

PigeB.,8 indicctco tho otops involvcd 4n tho ecpotrol
donain dcooswolution, Lot wo oxandng clocoly hou ccsh otop
in tho Pig.0.2 verlio,. It oon Bo elozsly poon thot thoro oro
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7\

padnly Sheco opcelions toldny pleso,

e

€o

3

Tho ocspacsion 6f the Peuwrlce opcateun J{W; of
tho tiro ceplico 3(G), tadeh £p cocuncd o Do
gldven by ¢ convolusionnl 4ntorrold

(o»]
n{g) wm Sa(r) « P(0=8) Q6 (2e3)

Dich an tho Qﬂc;u?;zay dcrdn besenen

o) = Jlw) , Rlw) (2.8)
aczo B{0),0(e) ol W) veo Fowrlcs gpestro of
2(t)y0(t) ool 2(8) Pocpcstivoly,
Cle {2e£) con oloo Do witton co

s e el . ot @0
thozo 1X()) omd P(e9 ovo tho cplitulo omd

[acoo 0F Mo Peulicy cpcatov,

Tz tho dchemninstion of tho n-tupal logerithn
0f tho oeoHlon opcstpun gives tho cdddtive
ceoCrpocition of tho 4ndividuol perto, thich
occh bo Cenatch by

W) vhich con Do vedtten oo
W) o 1o J(W) o in B(W ¢ in RW) o)
o B(W o 1P (246)

¥ho eosopatction of tho inverco Fourdcr ¢rcunforn
of tho logerithn of tho eoomlon opcsteen pgiven tho



cooplaon acpripun of ¢ho fummtion n(t), Tho
indoponicny vorichlo 4a tho ecpotral dennin

0 collcd guofroney, q, cof hoo tho dicomnions
of S4no,

Q) o 2 {2(W) = Ble) ¢ F(q) (2.0)

ficpo tho ciddtivity of tho oinglo porto
fcasing 4o tho olnplificd froo,

Tho 2of¢ Drrld 0ido of tho PipeSsd indiscico tho
operrSics adel oo DO copepclioly chsvr o
40 Pine(£.0)

Sho pecultems of tho heco opcz:Sienn
Garaupcc? chavgé:és c:.‘;é.clg eécpo%mz: tateh eyxxtrdas ko
thoco sefcorstion clooe 2n Cho ¢uelfroxay Geonln
vepiouo oCooonsat o oo copleetcd by culdtehlo
visdeuing, |

o PArnt homd pido of tho Pige.2.2 ovenduol'y
v tho povorco pun of Chio oo tlonn, Thio
ocn bo acun ocpclstoly on clasun dn tho Pig.Sede

SR Pouczeo pan checurh tho £Apct Chpco opop:tiom
20 00 sva Ao Cho 24730 hopd oddo of Cho Fig.d.0
DEoviden o £Amnl pocull ¢f Cho presceco in tho
£coa 08 tho 246cecd tonso yit)e
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1

In this chapter we have sesn the realizastion of
cepstral domain deconvolution using Fourier transfors,
For the computational purposes we have to take into
sccount of many factors, The naxt cheapter sctually
deals with ths computastional considerstions, the
procedures of the work and also describes the datas set used,



Thio cheptor Adcsuncon tho computctionnl copceto of

copotrol donoin dczonvolution, 1¢o proscduwro ond tho
pool noping dotooct,.

Deforo wo presced, wo rocd 0000 coasopto £ren
0 = toRoforn theory.

Yt iionafomt- Considcr o coquonto of rdCPo
2(o)y 2(8)p 2Dy wesseronssss o D(ER)y ases » Thio
occquenzo conid, im perticulcr, bo o Pocult of urdfcroly
ocopling o eontimmong wevefero n{t)e Fho o - troocfern
of the soguemse {(e2)] definsd oo

oo i3
X{o} = 3} s{=f) p (3,1)
=0

whc?0 O 20 o eoiplom verdoblo ond 4¢ 4o acounzd thed
a{rR) © O for nogotivo veluco of n, %Tho corfoo in
£q.{3,1) comvergao for |ol > B and ddvorgen for

Jol < R vicro D 40 Bmsun oo tho refluc of eonvorgcnso
epd 4o tho wpper 144t of tho cogucnao ln(n?)!uu,

(o) 4o on coolytie furstion of o for {ol > R,
1u1¢4plysng both 0idco of [g,(3.,1) dy o=t omd
comdustbing combour intcorotion ovey o poth vithin ¢ho
pogions 0F CONICT(LOR0 VO O



. 6 i Sel
‘@Ms) gt as °‘¢ So a(a®) o 5 ém
=9
oy
o 3 x(ﬂ)‘fﬁa“"““l an (5.2)
o}

Uhoro tho copodiont of chonsdng tho order of intoprotion
ond curmntdon hoo boon coployed, AZccesding to Couvshyo
theoarcas o

¢deﬁ - (% 5 (5,2)

12 tho origin 40 curroundcd Dy tho poth of intorpction,

Thepoforo

el
2{lF) o Aézm) s 4o (3.9)
av

e (3.4) &0 tho 48vcrco § » tronnforn polotion,
Henolly tho cozlouww Amdoge:-tion 4p porforncd nlonn Ctho
it cdrelo,

Lot '21(3) oxd B{s) bo tho b - twronoforns of ¢ho
coquenses (#(20) ot (B(s)]. Fhon 2% con bo choun
thot

o) = XK{o) H(s) ' (5.5)
| 10 ¢ho 0 - Sponofosn of tho coquenso y(E)
vhc?o
$(2) © 5 o) DIO<R) (3.0)

ned . Zlc“T'“f) h(wT)
$hi0 pooult 4o hmovn OB tho comvolution thoorc,

Thio 1o of funicrcoriol ivporteoneo in tho otuly of Cinsw

26
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2]

inverdcnt limock dicepcto oyoRcap, Tho coquomo
fh(22)] could bo compidercd tho unit corplo rospeaso
of tho tingeimvcpiont linsoe dicorcto oyeben ond
G(2)} omt {y(R)] could bo conptdorcd imput ond
output coguonecy Foopeetively. Thom, {h(sE))
roprogonto the coguomso gonesratcfl by o limooe diceroto
pyobcn ot Oho owdipud vhon A¢ 4o ormeltcd by o uniG
ocaplo 0pplicd ob ¢oo,

Iot u0 otort £Co ¢ho O » tronoforn Gofinition,
1,0, Da. (3,.1)

Ig tho & « tocacforn 40 cvolucted ot I cquicpezcd
patnto on tho unit ofrelo, £,0, of |

javi/d
soo

LRcso h o 09 1’ ﬂg svsseesasee ¢ m“'lo
Bge(Ded) Lesomen

57t/ el -528un/1
%€ o ) © g@u(rﬁ’) o (0.7}
Sova/a
fov & o ) ean bo vepitton oo X{§) ociozo oll

other aueesitico in tho cuprepoion cro conptonl,

Fherefero
K(a) o 83(5‘?) O (G*ﬂ)
Bee
Thio ip tho disepcto Fourdcy Crunoforn dofincd &n
L3e(1413); 4n ALfCcpont notehion, Thob coono cvolustion
of tho 0 = trapaforn ot I oquicpoecd poimdo
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sevis/:

8o ¢ 220 B 8 0y Iy osooscesacee ¢ [ole
¢n tho unit edpalo, ¢nn dbo cehicved by tokdny an
= corplo DFE of tho oogucnso {m(r)), Fherefaro,
thourh tho thesrcticel Sroctoony 10 onSiroly in
tosas 6Ff O e trcEoforn, £or eooputc? vorl €ho
comutotion 4o domn in tceno of BIFY uvith tho wio of
Poct Peurdcr Tronafer (WPR) olgortem® ¢ tho lottce
aon bo donoy very cffCativoly,

848 Comuirdionald ponnideertdonnses Doy o given
furalion of $imo coy n{t), 4to Pourdcy tronofern
CIE{v) econslotp of o pcal port uw(w) ool oo dnepglospy
port viv)e [Dv vo Scbo tho ecaplen poturol
logroithn,

1ot uo Scko on cocopio, () Socaofarrs to K{v)
thero Z(w) = u(w) ¢ ju(v) (J.0)
$hio eca clco bo vedtton in Sorno of coplitedo omd
thoco ¢o givon by [, (0.10)

R(7) o [P(v) ¢ vﬂ(m]z(f

o =1 ylu |
e 3 Som [ﬁ%t?g'] (2,20)

o o) o caplibiv)) (S.31)
o ecnlon ntural logerdthn of ¢tho cupreosica 1o

Zw) o wlamn] ¢ 36 @ (2,12)



Ono of tho GAfficultico vhish wo £oeo 4n
gocpueing Cho sotplcn copoteun 40 computing
tho propce phooo eux*vm &) mm uw(v) ond viy)
oro comiinoun, een M o in gonosol ot

gommm., Ginyo Sho invesco Conpent funstion
40 oultivolucd, wo havo te chospo tho beonshioo
thieh oclio 5t conuimaous, If ¢ho perlosipol
volug 40 docterninsldy the rpooulting phoco ocurvo
40 peotrictcd €0 -~ UK G K W,

Pop thio Stoffo ob, 01.893910 cungeotcd on
nppéomh g£op eenpuilng o condicasus phoco cwrvo
taich eoazidcre Cho derdvctivo of ¢ho phaco vith
roopeet €0 Sroquoniy,

Uo Lgsw Qhﬂg C_ J
".M N
‘a"‘

' wl
I 5 o v(v)/ulu), omd O{v) © ¢onn 1,

R S By T
B oy oo [Uwd (830
ufw)
ond U?tua)]u [E_.clob) L ERTYIO: (7] k. 109
dw | ued» =755 w13,

Oubobituting Bqe(3,16) in L£.(3.14), vo gR
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d 1 Elw} dol)_ e du(w
= Y =S )

Intopgrotion of [g.(0,10) yioldo o conbimasuo phaco
CUFYO,

$ho dcrdvotivoo av(u)Ady opd  aa(udAiv eon Bo
gourd to Geoodsrcd cocupray by £imiins Sho Pourice
teoncforn of ©,a(0)s Tho inZcropcbdon ecm alce
porforncd to the Condrcd oegupcay by wiiemn QP
(quctroturo Sinpoon's Porcula)®§ In c2ditien to
eomputing a eoxirmusus phooo errve, Chip devivctivo
cppPoceh oLfor0 o mothoed of scoovin $ho Lincoy
paoco ohifl, thot L0 tho mocm volvo of al/iu,
Dctormining thio rocn volue, pcooving 18 £ro0
ad/dv ozl thon inlozpoting gives tho oot imisun
pcope-£2co phoro etwvo 4n thich vo oro dboresicd,

i v} x::mso w:mapping olgerithn hoo bc:,n
cungootcd by Jﬁ'w’”mbolot da Aprid 1077.%9

Heee 40 on cdontivo mupopiecl irogection
cahicoo thet combimno tho informotion ecomiolncd in
Both Cho phoed dopdvitivo dt:ﬂ tho [>imedplo veleo
cf tho phceog oo follovos 8 coeh feoiucmy, o
cct of porniooiblo gtiano voluog io defincd by cidcinmm
intopc? cultiplon of 8v ¢o tho prinipol velus of tho
phocee Eho coleztion of oro ©f theoco voluco oo tho
voluo of ¢ho ureopcd pheco ot €hio froyuciey 4o
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dono vith tho holp ef o phooo cctinato Lorpcd by
mneriend dmoppctien of tho phorco dozivetive uith
o givom otop imtcrval, 3hio otop intosvol 4o clow
pocl urbil ¢ho opo octinnGo Deeoned cEbiGrorily
cloco, T2ibolcl s cothed hoo beon wocd 4n copovecd
dozoin decoawolulion of colcndo doto vAth onacurple
ing Pooulso®®,

Lut 4o thin Qdccerttien vo ucd tho Czoffo ¢Be
%
cla 3 BRACSy umweoning ololrithin thiel bhos boon
docapibeld in oo3tion 3.8,

An dratt S phyolec) eonzopt oftcn omrounicrcd
in tho otvldy of coicale voveo 4o tho gomcpt of
cdndrumeheco,

U\ G g A pigenl 2(0) cvsh
thet 2d8) ¢ 0 fo» €40 (0.17)

40 zmevn oo tho counnl oigeoi. IE RB(w) 4o tho
Pourlcz teonaforn, ho noyuipcnont OF oruoolily

80 thet o) ¢ho oingulopdtico of f{o), tacyo

D oY $ Jeio o copion verdchlo, cionid Do 4o tho
winc? Bolf 0 « pleed,

Tho pigeale cush thut Chofy cpcstrun hovo both Cho
paleo el ocroco An tho uppey holf ¢ o plano cpo RESUR
oo ofdnirm phagso oiganlo. If tho £iltor vith Srenofop
fumation H{v), tho imveroco £altor vith tponofes fueiion

1/2(w) coo both $o Do ccuocl, tho comiition 4p ¢het Doth

O Al am Al arssmn AP Bfas Desanialen amabdan TIFAY Tam O -
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tho uwppcr holf o « plonn, X con do noted thot
ninicun phoco pigns) 4o by definiCion o egtiood
oignol, but ot oll couvcol olipgnnlo cro nisdoun
phooce Tho deseapocition of o ¢ronofcy fumtion
in ¢uwo porto cush ¢hel ono boo ol) ¢ho polon ond
soroct 40 tho upper half 2 « plono ond tho othen
hoo oll ¢ho poloo ord sorocg ir tho loucr holf

0 « ploi 40 Booun co opcoteal Locterin-tien,

Tho furstion vheco cacetewn hop oll tho polco

cnd ooroco 4o tho iover holf S e ploms 4o callcd

o nosdcen phoco furebien, Thuo 40 o vy, cocetrol
Leetorinetion 4o o voy of ocplitiing ¢ho fumstion
in tvo portionsg ouo fo0 o Cindmun sheoo fuseion
omd tho o'her o oonlrmn pheco fumition, Thio
opliteing &0 cehicved by veiting tho eeplen
ppcetiun oo o pradusts Shercforo cay fumstion 4o o -
corvolution of ito oimioun phoco eoapInomt and o
ranirys pheco aj.‘m:nz.

Alscenctivoly, oinicun phooo funstions Rve £xo
intcroctiny propcrtico vhich can bo obeted 4n toeno
of [I81DCoS Srancferns,

[ 3
oho Dilbeat tocnoforn  nlt) of

nls) 4o Acfind oo

A .l\ (t .
se) o =7 QXed ac (%10)

TACTO ¢Gcm’soo tho inseorction in Cho Couchy coon

PO PR PR
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That &n
5 t.e'x(ft
DAy, [ c vy
2 LT u%&% I T
o - :
+ f i(? d ‘S’} (a9
Ure =

ho integrol in Dge(2,18) connot do ovolunted
| in tho nrool gono oo tho iotogrand hing o
oinqulority «t Te €, Thoreforo tho dinition
opcrotion imdlectcd 4n Dge (5,10) hoo ¢o bo
corfusted $o avold tho difficully,

Tho fnvereo BAiboet tponcforn 40 definsd oo

36) o o O-HL an (2420)
-

Tho 2eol ond innainopy pares of tho Foupdcep
opcatEen of o ecucol pigeal forn o HAibert
teonogern podrd?, ot 4o,

Tho ofgaol n(t) con bo writton oo
2(s) o ofS) ¢+ xnfe) (3,23)

ACPo ng‘;} ond nge) oro ovon ond efid porto of
a2({t) rcopcativoly.

AD 2{8) S R(v), uchovo
Bv) o Roz(v) ¢ JInR(w)  (3,82)

But ¢olidnn Pouricr Cranofosiy of both 0idch 4a
B‘Bi(&tﬂl) vo oo
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qv) © L) & I,(v) (3,23)

acso :zgm Somd Rf) o8 pft) Seeed Kfo) ¢

Corporing Lo, (B.00) and (3,£3) im tho comgont of
tho feet thot tho Pourder tramoforp of cn ovon
funstion &0 wonl amd that ¢lLo Fowrfer tFonoforn
of an ¢dd fumtion io inaglinoRy, wo gt

310(1”.?) s Ro X{v) o
K@(U) o In MU) (a‘%)

ol oy thono eon Do ropFoneief oo

o

X L) . A

Do Z(v) = 2 @ v e ot
"y

<
ckl  IoXv) oA -WE&E{E'Q-M (3426)

o 4

Thuo 0q.(D.£9) inldeotced thot tho reol omd 4copinsey
popto of tho Poundcy Syonoforn of o ccuocd funstion
forn o Hilbert Cronoforn polss

Lo ) o o iu) ¢ §3Io K(Ui (D.,36) |

o A(U) o 03@(‘3} CQ.B'?)
thczo 4(w) ced Plv) cro coplitudo ond photo opcateog

Lhes
@ i) s A ¢ 3 B (3.20)
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Thus 1n A{u) ot OCu) oro reol ond Aogin-wy porbo of
in E{u), 0o 42 in XZ(v) 40 tho gpcetrun of como

ccuonl oignol, thon 1n Afy) omj O(v) vill Bo poloted

on o Bilbest tromaform podp cid thorcforpo tho phoco
opcetem O(u) vould Do fully odoincblo £oon Sho
eralitudo opcstrun A{u)e 2£ In A(v) 20 to bo tho
OpcRtEUn 0Ff como conand oipnasi 1 X{o) ot hovo

oll 4to polco 4n tho uwpper holf o » plomo, Bub Cho
polon of in X(z) cro ¢ho poloo of X(o) co vwoll ag tho
gepoco of X{n)s Fuun tho roquircoornd 40 thot Sho peleo
0o uoll co tho ocpacs of B(n) cack 140 in tho uppoy holf
of ¢ho 0 o pledne Thwa 12 Both tho polcs oo woll ao Cho
cceocd OF R(o) 180 in ¢ho wpe? holf © « plomo, 4,0, &6
() 40 o ninicao pheoo ofgral, then mot caly 20 ¢horo
o Hilbext tronoforn rolotionchip Detucon Ro X{y) owd

In Z(vw) bBut olco Dotiroon the In Ay) and O(vd,

In 0opino colcale enplarction tho oignalo vhieh
uo gk cvo 4n tho rdned phoso, $ho ohucd phcoo
coqueiro oy bo ©odo o o pdeirun phoro coquonso
by rmocno of caperzmiiel woichtinge



3s¢e HoAch@dpng= En tho Dq, (3.29)

(7]

is) o x(oR) ™0 | (322)
0 s
vo hovo ¢eonnfornucl o roel Sico fumstion fnto ito
o « tronofozn X(o), vhich onicto throughous tho
eonplost & » plann,

X(c) o in X(n)
o In X2 ¢ § opo 12(2)]  (3,20)

i Ded,

A = X(o) o 4 {3,51)

WO?O D=0y & Xy 22¢ csvconcvonnoaes |
£a, (3,3%) gdves tho comicy copotyrus ©op dicorcto
funsgionn of unit complo imtorvol, Shus W(N)

S0 o Sumtion of tho porticulcy contorr, In corpuim
ing tho eoaplex ecpovPul, wo uco tho diceroto
Peusior Sponnforn £o2 ronl frogquensics in plceo of
tho ¢ » Sponoforn, thus éoaﬁri«ﬁim tho condour €0
tho und® ciseldo (S o o ), Houover if vo roplceo
tho soquomso (n(s2)) by ((am) a‘m_)g vhaoro

0€0<1, vo hiovo offcativoly noved owr intorsotion
comzour ¢ o eirelo of rcddus O VACRO

¢ © *lnn (0,52)

1Y
o 0 on

oin2o o € 1,640 pocitivo, ol o
b:rponamﬁcmv deocydng Cumation, Tho ¢theco obepn
involved 4n tho ovegco pEoccldusro Loy gcurning to

tho ¢ico demain oo



3’)
() Som o (,33)
A{n) o 3¢ o Je
’Eac
o) = emp [R(2)] (3.34)

) el

En aémmms to. tho €ino domnin vip
Bgoe (3479), (8420)¢ (9436) § vo chould urvoitht
tho rooult Dy ﬁ@. Ia tho PR, ofnzo vo CFC conm
gincd to cvclunting M(o) crouns tho unit cirelo, uo
con considor thot tho cffcet of voi~nhGing 4o ¢o
pove $ho poles cnd covocs of K(s) vodinlly fowend
by tho foator g;.. ord urroichting vith the dovorco
funstion rootorcs th:a teo j‘atwﬁs orfcinal leoction,

In ¢ho prooem’ worl, vo have e¢kacon tho volug
of *o? oo o v 0,070, Waleh govo fcveusidlo reoulto
tafed  vill bo decepibcd in tho oont chopber, Thio

0x 10
value vag cungootcd by Roffa ot ‘QG, ot °



38

34

ELt= A0 wo hovo choun An Pig, (8.2)
by o blesls dinopen ¢ho oosoenind oRepo 4n €ho
ecpotrel Gorain deconvolution cro oo follouny

1. Yo oro hovies tho norino colemie Ponl doBoe
Dipstice tho Goto vith tho orpiing intcrvol
g 4 mzu ocoondo €0 o gob 0 dicerobo ocoQue
OR3C, . |

2e UYoight thio input coguerzo By o Lootor a‘ﬂ
ticke 0 © 0,003,

3¢ Tclo Sho Qaz'-ﬁa::& Pouricy troncfeps of ko
voichtct dicarcto imusd.

4, Taolo tho sorplon a-tursl log:riths of tho
Pourdcr ¢ochsfzcd oulpul,

G. Iy oo tho lmvezpco FPourice Seonoforn of Cho

COSVO oul DU

aio edmnlcbos Sho eorputotion of tho coplen
CCPORPUT,

Uith fonginery dnpus oo ocpo tho 4isercto Pourldor
- trenoforn voo corputcle  Tho oulpud voo convortcd inso
poice form, ool port £or tho ot opcopction wan
obtodnzd by ¢cizins nofurel logcrithn of tho crplitudo
dn Cho polcy pepecoome tion, Lov o sentinuous, Ponp
froo phoco veo eozpwicd vith tho holp of Bge(0.8)e
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2
Thip cetuoclly forrs tho smnginsry post of inX(v),
bt vith tho cbovo meationsd reol ond 4paginasy
Anvuto tho lnvercd Vourlop Craonsfosrn vao coopubcts
Thio givos we tho eooplen eopotsun,

Tho Bom® 08O 40 virdouing of ¢ho copotrFun
dcta £0 FeRover Gho coureo $4Acd fucstion omd tho
Sroncnicoion pOSPONCC,

Sho lock ciop 4B Cho ecpotrol dennln dcsomvolutien 4o
tho peacvesy of tho oouwrco vovolot ¢ ¢tho tronc-fosion
rooponsls  Shio 40 czhicvcd Ly oubjcoting tho outpus
cftop vikicuing ¢ tho 4mverco ¢c3lon opotingg preaOnts
Pénolly $tho unucigiating 4o Qoao by Cho very oero

Lcetor by vhish ¢tho 4a5a8 veo voiatcd inftiolly,



2,Gs Dobn for folvadgee Tho dctocot wocd in tho
Gipoortciion van collceted on bocrd on tho voctorn
coast ©f Imdio, ninmoly Saurnchiro Comtimonial Sholf
by the 2014 porty of 02) omd Lnterol Gao Cenicoion,
during tho offokoro cofonde supvoy in 1076 = 77,

Fho codiedo penending oyotcn wocd weo PFD IV,
a 61gitel peaenltin cyoten, Tho npofiio runs in
tho Lorth = Jouth divcetion vhich 1o pourhly
€07 « 250 Tma, £oco tho ecoote Yho gokorol uastop
dopth in thooo (®cop veplos £eco GO o hro o 100 ko,
The reeonding oyoben uccld tho resoiiliis fycquensico
co = BiMh cut = C2 crolea/occe ol 159 0l o ELD0,

Tho pcoordins veo domo in 43 fam ced 43 chonoe
olo wWoos pesord loagsh veo 68 G ceooe Fho ppoup
imtervol of tho gecahenco ucro B0 tirn, theroos $ho
chet doborvol voo 06 riro, Tho indtiol offochk weo
. 270 mbro, Tho cooplonos werpo kopt 10 otro boloy
tho curlcao of tho vatep. Tho orcypy coureo wep
Ny Guns o0 fop co2h Lipinn wocd o cppoy €2 O CGung,
*ho 0iP=gun cpRcy vos Lopt © op0, Rolew tho curfoso
CLtho UCicn, Tho Gigitel peoeiling wven domd vith
coopling ddopv. ) of 4 wllliccoonio,

40

Lt <



using the resl dotaset thus obtained we
ccrried out the cepstral domain deconvolute
fon, The next chopter decls with the results
and discussion of this,

41

u\
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$ho ecpotrol dsnnia dononvolution tcehniqud wen
Cooted on tho oopins codonie Pool Aoto,

PigeCede ChoUD Sho coldlcn copotiun obdoincd uoinmy
tho obovo Scchodgue, 2hio 48 pleticd on o limoor coolog
1,0 vo Rove plottcs Cho ocoplo auwrdero oo cbraioon ond tho
ccpotrol coplituio oo esdlateo, Tho ecpotrun hop oipnifice
et ooplitude only vy to tho 10¢h oooplo ond boyord 48 4 4R
hos oaly cinll vepfation thleh doco nst chcy v on tho c2olo
clocon, %Sho sodlcen copoltewn obloinsd 10 ko 24040390 0f
tho eompley ecpoiro of tho coureo wavolctk amd tho peflceter |
cordco pocpestivoly,

A aopcful ool ot tho eenplon ecpotru imdionten
thot tho bcaoviowr 4o oceilictory in Cho ponge of il
peoplo prhcero chsving both pooitivo crd sopctive crsufolony,
ASLen Cho £428Dh coplo thio ocadllctery dchoviour could bo
cndd o Lo over ced Chon wpto choul Cuciicth oceplio tho
ocaotren gomaimio o hovo only pooitivo omsuppions ond
boyard ¢het ¢ho ccpotrun eoplitudcs cpo gropitgibly oooll,
0f cowrco, Cho pooitive cneursion belucon ¢ho nomics 5«0
eould havo Deon conofdercd oo pert of tho origlanl occille
octopy bBochaviowr in compimingiosn of tho proviocun nrogotive
crowrolon, Due Chio 4o, 4B oy ccoc, ¢ indiviCunl o
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Judpgcoent ©o Cho eciplox ecyotPu doco £9% ocpcrclo ip

Cvo GAntime portn vwith mwcﬂa@gigzg ehercatc?, 8o

vo hovo acovscd (hiot tho port wpto cooplo § eounld Do
cttributcd to tho souwrec vavolct oml Cho owdbroguont
vw&uﬂ.ﬁaa ¢o tho tromonigoion rocponcsn Lunadion, IC cant
bo inietcd, hovouer, thet thero 40 0omo crdiVCPinoos choul
tho vindoy pisoy vhich indivcatly conns thot tho eopoinol
donnin ooposction of Cho powreo uovelct ord trancaicoion
pocponso Pumtion S0 Kot PUILY cotiofreborys

| Tho Pin.,0 cosvso tho pescucred voiphted courao
vmé&cﬂ: ced Cho Pig,0,3 chcug tho peaovercd w:oiphtcd
cauver wovclcty  Tho Peeoovcecd cowrce vivcled hoo boca
plettct oa o ccd=lon popcy boacaco 8 tho very hich |
cooticudon, I8 40 poocoiblo to w6y oaly unipolo? vagiction
o3 o cémﬁuiaﬂ popc? vaceeoco vo hove £0 plot LApMAcw
veriotion, $hio 8o cohfoveld DY picain] Cud ced=elog cRepiagc
cino %o cine, ono iglflecting ¢ vo cxowrsions ol costher
frdteatiny e w0 oourolong.  Fho idCio portion DCGucon
=300 ¢ 100 eould ho Gdbodncd by $EScopoiction, Fho |
COura0 wovelcets coxipitucion chorto fren ME2nd oerplo ond
cYo ¢ {7283 ocmoloe TR0 dupction of Cho coureo ucuolot
30 U020 oroomio (cAT0 0@9100). Tho couroo vovelot vhdeh
v pee 1o chiftcd £0o tho ovipin,

A plouciblo coplonstion of ¢hic AAife eould bo no
follovn, Idcally, 2t 10 poouncd thot tho ecopoepun i (q)
of tho rceosdcd colcmageen hos tud cerponomio Bglq) omd

tn{q) thich cpo ocpripo of tho coureo wovelot ol ¢ho
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transnicoion pogponco fumtion poopcativoly. Ao oteted
chovo, n{Q) ond {Q) eonnss peolly Do coporcted by
vinfoving. Ao o reoult, by virdouing vo pot enly

By oep i@ e ko (a) + y pof®) {C.2)

mcro isﬁ eaﬁi“) o i, {a) oro our cobinoto of lzom}

zOp
ced tho Poofdunl pore of #p(q) thot 40 pupcrioponcd on

2o(a), Poopeetivoly, During tho roverco pasoago vo ged

tho golicuind,
{(0) ofter Pourder tronsferpations

In 8 40 o Ial{u) & 3o Ry () (G.2)
M) ofecr onponniictions
GOG@(W) o C&J) %og‘w) (Gﬂa)

Thuo ¢tho cotineted cpcstioun of o{8) ic tho trwn
opestren of olt), c2itiplicd by o feetor B Lv) vhich

40 ¢ho offcet of ¢ho eomscninction of tho copotyren of

0(t) by that of 2(8)e In gonzzol Rn. (1) vill bo corplon,
hovinn both papgnitulo ord phocog=past, I£ tho phorco port
Dap o lioocy phooo ecopanont, 400 offost uvonld Do ¢o chisy
o{t) cuay €ren tho Gico opigin, Dy oycaciey, &6 Bon Do
cegecd Shot tho eopoloun of #(8) conmst Bo comlcioly
ocpepctes by vigdsy md vould Sharoforo Do eomcrincl
by ¢ho eepotoun of oft) ond ﬁa&as 2(0) olcy oicht bo
chifecd ooy feen Cho $ico oripin, Thero OF covrro oo



offcato ether chon Juot thio chifl, Fop onomplo £oen
Bg, (4e3) 10 Solioun thot ¢ho optinmcted oft) 4o tho
convelution of ¢ruo £{8) vith ¢ho invorgo Pouricy
tronoforn 0f Rp,n(u),

TTho pesovercd Sronopdooion funstidon 4o chovn
in tho Pine4e8, Icpo aloo vo hsvo uoed bipoler
ccoi=log plottinn oo docspibell chove,

L2¢ wo esnnfdce a enco thero ¢hero 20 o
ORCP = 04p ond CUbCUEL080 « USNCR iRicrforos oo cAsun
in FineQeGas Concilcr thet voter 3o 0 ponsGlpperoivo
rofd oz Cho G4ro Dolng, Figets7 covo thot thon cn
doyuloo csureo 40 givon vo ot tho poflcationn of Cinep
CpoD © Ly By By seceveesas fccching tho peeorden, It
eca bo copdly ocon thot ¢, © Sl (0ed)

Udth tho given voluco of tho poflcstion cocefisicnio
(thich cro coourcld €02 tho illuckrcbivo purposo only)
¢ho nognitudco of tho impulocs pecehing tho pceovdor
ot Gn © 23/ ood Do enleuloted ol thoy aro caoun
in PigeQe0e Thuo vo got on pitceroting poguenzo of
fruleso vath dcopecoing nopgittldcn,

Hepo do 20 potting foulcon ot Cicen 1, 08,
03, eses CBGe MACPO O 4n tho cetunl ccco imtord of
getting thogo 4opulocs uwo gol brocd pltcrnoting pulod

atel 20 o choun 4n Pig.4.0e Thio oot that Sho Uolop

-

uy



46
Lo

f0 mt o aon=dicporoivo cediun,  If vaber 40 ocouscd
o bo Qiopernive verionus frogquonty cocponants in tho
irpuioo oreftotion vill Srcvol & Qiffcromi voleaiticny
tho pcflcation eeofficdcento vill cloo bo 4ifCeront £op
QAgforar’ £ooquenny oComeRdiio 20 £01lou0 £1e0 DQe1.83
Thuo c2pivel tiren ¢y vould bo Giffcroms for @irforomd
froquonay ccoponssto of tho UHuloo cnd oo vould Bo Cho
poburncd cplitules ot thoco fagtomen. Thus inolccd
of ovory Arpuloo, 0 choudd axapest o got o brocdoncd
pcel,  Ebio thon cmploing $ho mrofuro of tho treacaioe=
ion peopoao fumsdica of Fi0.(0eB) cnecst thet tho
ccaond nogotidve ponz chsuld hiovo hol cogh lcooc? oonlitwdo
Shig dicapcoomay acudd plounibly Do beacuco of tho
dodctcrican offcat dcoapibed 4 0qe(0ed)s

Ap vo hovo oirocdy orpucd, Sho tvholo trcachicolon
vooponco funstion guld havo deon Qictortcl By convolus
Slon vith Cho invcres Poupice tronsfosn of Rpaalt)e 800
peot of Chido offcab, in portieuler 48 couldd hovo beon
calftcd ooy feon gho Sioow=ozipin, Bhepcfore vo uwenid
boco o1l Gup caleulctions net on cDHLOILLO voluco OF g
but on Cho Q4€€coczzcn  Og =fp.)e  TRCOO voluco cPe Ocon
S0 do (303, 00y CI) 2 ¢nBcs, Peopestivoly fop mRy0yls
Thue o oo overorey Wo hovo ao o poura cotinatog

Cp=Cpy P Bu/ o 01,60 7 A DOCH,
=0, 00364020 {4,5)
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hno fpen ¢ rocuito vo et oy octiro
tho scurao vavodcs Grzcbion €0 Bo 0,02 ocan, ol Gho
Suo=vay t2cvol 4o of tho wavo o bo 0,80C33 ocens
Ao oizocdy cphaotocd Dy E:a{‘.mmng ¥op Ctho copoieck
doroin deponvolution o vorls octinfoobenily, tho
coureo vavolct dupatdon chould Do conli dnm ecopericon
to tho Swo=uoy eecvol ¢imo ef Cho vovoy EC 4o
obvicus thot thio pcquircoss veo £30 cobioficd 4o
oceoe  Thio dn Cuwn coowk Chot Oho ohiofeo of tho
vicdeys voo R pdeHlo &n oup coco onl thuo Sho

comenimbionn of Bn(Q) by Iy pfg) obd Chot of tdq)
By Bg poolQ) vepo £38 mosiigidio,

225 uo eoanduc? thot the cowmeo vavolct Lo
gonvolved uvith ¢ho PCflcater cerdcd,

alo) o ofe) ¥ 2(8) (2,0)
R
Au) o O(w)  B(u) (Qe7)
wa b
Zz(v) o B(w) o ) (¢.0)
RCYLD 2
() o o(Q) & twql (4.0)

= 1ct uo Gokind
" | |
Botq) o Baa) [@(sor) < w(o=Fi] (4.30)
R

O() o ttuEe DALY (Ge22)
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v Solting $ho Dnpemamilod £650 w0 oct
) o WS ML) (0e32)

RIVORCE T o ‘
%) 2 I Syl 2z 20l P IR
olv) © gu
w

$ho Queotien 40 thea 40 3(3) o oft)?
€hio ioc only thowy
k) g tofq), lal ¢ % (¢e20)
mxfe) 2 2(qdy ol > 8 {Qe30)
o 40 poooiblo ¢y ol odly 8€g

ko) 20,  lal > (4416)
telq) = 0, lalc = (¢e17)

it vo et 40 £33 ofS) dut oft),

o) o b [ imomBR oterAd] ‘
o) ety [P tm(oIn(R otmRAR], (0030)
28

vk
dw

@.m)

=—f{ka¢$)f' U, Y xfeT e “’J

{ [ kutq)] 3 [ 2T S @
'5-“_7" ng[ xtg] % [ U e:\wtdud 420

- 7O
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o
"5 L 'Bu RIMEE andATl o, (ga)
¥ -
1 7 e s ¢ 1a ReIlxGrasn Al
"o - .
o o  (4.22)
i T Do st siaveAdl
- oy ] L .
-y

@“ vaﬂ%@! ‘MM]. .
L ]

e |
¢ av (4.23)

" .Eln R(wi]* 37 stz V]

1.0, i R(w) » 13
1.0, AL 2(t) = B(%).

Tov Rq.(4,23) Decomes}

s(t) = g‘;‘»‘ / ” JOn stvl)x fer s!.m‘!/uﬂ_‘

-

‘m aw (4.24)

Further as (270 utnﬂ/cﬂ —— S (W) g

$.0, it T ——— O,



va vould gce

o0
BCu)l ¥
L Gﬁ.n wil SW), yob

AL 3
ol®) © g o™ @ (42B)

A
o 8o l 01:3 8€v) ﬁm‘

- .

= o(g) {Ce2D)
Dy oyemotey p(C) o 2{%) ¢
422 o) o §(6) 0md F em=d on
In preetisc, tho pesoxdcd oeicoepren hes on
c2dicive 2oloo eepononts olcge. Thio eca bo peprecozicd

00§
2(G) o o(C)¥p(R) ¢ n(e) (¢,00)

tacro 0€e) 2o tho c3¢itive nolco sormonans, Aftop
catiigy  tho Pourice ¢ronaforn Bge.(4.00) besenoo

I(w) o o(v) R(u) 2 INw)

e
oow st e Foyam] o0

AgScp Cakirg tho logirithny vo gt

% 1z Ov) ¢ n R(u) + io{lefip -
o) e | o) BG (6.01)

/0 FEE 2
FISTIRA] 11PRAPY [IVIVERSITY OF RARRYIT



ol

ot uwo ocoumo thot tho opostrol oncrgy 4n tho
moico 40 conll oo thot tho laot toro eon bo onpordcd oo

f 10 BO/BEXY) ) o ) Plu) §u) -

A LGP () Qi ¢

& | 0P (IN)® =

CHOURED U BBRG (‘3.33)

vaces M{y) & 3/0(v) oed Qlw) o 3A(w)
Thon tcing Cho dwezeo Povrglcp SroemofernD vo B
i) © ko(q) ¢ (a) ¢ [pla) = & olaxala) ¢

é G(ﬁhﬁ‘ﬂ)*ﬂ(%) - aeBpstORRET 3 (Q.S{*})

taceo tmlq), kolq) ongd t2{q) oro scpetra of s{8),0(e)
ool £(8) rospestivoly ond glq) 4o ¢ho fnveroo Poupics
tronoforn of Mu)P{u)i(u)y In porticulor,

o) © algkp(a)*alq) (Ce20)

woro pla) oot ¢fq) oo doveroo Perwior Secanforcs of
Pe7) o 200 ol W) © m(v) peopestiivoly, %o
thot a(t)y tho nafco orowico tho enkiro zoango 0F C4od.
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Puzthornezo, tho quefronsy dupation of glq) vould do
lcrger than that of a{q) olono, oo convolution 4o o
dupotion - oopanding opcwrfion, Furthor, tho torn
glaiwple) vill hovo Suieo tho quofeomy dupction oo
thot of glady tho tcsu glgiwgladngla) vill have Suieo
tho quofroray durction ap that of glq) omd oo on,

Shus tho toono in cuply Drcsiobo 4m [ge(G.93) have o
very ioepo Quofecooy durption oo thet 4% éoum bo
oroeyed €0 crcupy Cho thole Pongo of guofremsico, Fhuo
ovon 1£ tho ecpoteo kolq) ord w(q) voro to Do KoNOUCTw
iopping 4n quofpcasy 20 tho choerzo of mico alt), oo
¢thet thoy could bo ocporcticd Dy vinlsuing, tho elocy
quofponey ooporction dotuoon then vill Do racked by Cho
offcot of ©odros Zho choleo of o wicicy dupction thuo
40 oedo G4PL4cult DY noico,

Tho mdico hoo onother cffcot $6ve Lot uo ¢py
A . |
to oinin kol(q), tho ootinsto of ko(q) by cultdplylins
n{q) by tho vimldcy ula)e Thon,

GoQ) © Lalg) vie)
o olg) ulg) ¢ twle) viq) ¢
€)= 3 0(@) ota) ¢ 3 ole) ola) sfaflv(e)
{¢,95)

Tho twl{a)ulq) tcrn vao wpitton co Iy reo(a) 1aba.{G,1)
cerlicy ond 48n offcat olvrocdy hao boch 44counced,



Zho offcet of mvico 4o ropo d8€E4%enld to annlyoo,
beeouso 86 Acpezio on vhob tho $mveRoo ecpobrwy of

'a(ca) o [ ata) --g%. g(«alva(c&)'# % c{atm(qlwala) =

;OlﬂlbﬂﬁﬁlQDQ'QQQla vi{q) 4o, (@035)
But omo thing thot ccn Do sounludcd 0 Shot tho offcst

3

o2 noioo 4o mt icicromdont of vhet tho cousso uvcvolod
o3 ¢ho tronmiosien reoponco funatica cro, Thoy Loy
toen 4n deaiding tho offcat of moico 4o a(q) whilch
acperdo o1 g(q) vhish Lo n{aiwp(a)eq(q) wicro plq) cad
q(g) oro Pouplice imveroo trcpoferno of Plv) = L/3(w)
ol Q) o 3/A(v), Shudo tho of€cal of tho cfditivo
£2ico ¢oon on tho gcpotras dennda dogozvelution 40
veey em@lcﬁ.
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FiG.4.6 - SCHEMATIC DIAGRAM OF A WATER LAYER BOUNDED
ABOVE BY A PERFECT REFLECTOR Ry AND BELOW

BY A HARD BOTTOM OF REFLECTION COEFFICIENT R <

FIG.4.7_ REFLECTION RAY PATH .
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FIG.4.9 . BOARD ALTERNATING PULSE
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The ¢rustal tramsmission response curves
san be used for infarring the subsurface if we
have ¢ &nowledge of the velocity using Bq,(4,4),
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CEPSTRAL DUMAIN OECORVOLUTION OF LARINE SEISHIC REAL DATA ASKANALR
VIMENSION XRUL102G)sXJC(102A) o XRWILCZH)I XTI 10240 s ANPRL1I024)
DIMENS JON CEP{L10R43 oG (102 ¢) 2810245 2AXKR{1024) +AXKI{1024)
DIMERSION RXRU1024)+BXIL10249H(1(24)

COMMON AsNsMMaDOToBLANRK oL XDT

READ 10eRsMM+ASDOTsBLANKSDT ¢ IN

PRINY JOsNsMMsADOToBLANK oDY »IN

FORMAT{ 21039F84342AL9Fbabnll)

LXs208Yy

LD6KN® ] 5L

ARWINN )=ly

XIW{NN)I»Gy

AR{HN)u0 4

AJI(NN)n0,

READ lés(XK{I)rI®lsiN)

FORMAT{ TE1l4%)

NOW WE ARE WEIGHTING THE FUMCTION

DOLS 1=1.LX

Gel~]

YaA#8B

XRW(TYmXR(T )my

WRITEC(6230) :

PORMAT (L 1X9/725Xs TIME~SERIES 923Xe WEIGHTED TIME~SERIES /1)
CALL PLOT {XReXRW»19500)

0QZ29i=1slX

GLI)»XRWLL)

CAil. FFT (XRWeXklas~le)

NOW WE ARE MULTIPLYING THE BIGKAL BY T

DO3l=) il X

Tai~}

XR{EL)nTOG(118DT

- ROW WE ARE COMPUTING THE ~HASE

CALL FFT (XReXI4*1le}

AV MR ¢

LYsgtX/72+1

OQ41=lelyY

VDeXRWU T IRARMWLL y4XiWCf2oX 1ML}
XRCI)m={XRE (J)OXRUT)IOXEWEL)AXTI(LDI/VD
FVPHSAVPHeER(L)
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CEPSTRAL DOMAIN ODECONVOLUTICOH OF LARINE SEISHIC REAL DATA ASKNAILR
UIMENSION XRI10248) X1 (102005 AR L1C2AI o XI0L1024) sAMPRITI024)
DIMENSION CEP(L1024196(202 ¢)45(1028)1»ARR{1024)2AKI11024)
DIMCHNSION RXRI102%)+BXIC10246) sHA( 24)

CORMON AslioiMsDOT»BLANK L XD Y

READ 10eNsMM+ASDOTsBLANK DT ¢ IN

PRENT LOsNsHMsA4DOTeOLARK oDY » EN
FORMAT{2]104F0e342AsFbatip i)

Lx=200ey

LO6HHe s LK

ARHIKN B0,

Xt yei,

XR{NNI=0,

X4ty =0,

READ Jar»{XK(IIs)olebill}

FORMATITEYL1e5) '

ROW WE ARE WEIGHTING THE FUNCTION

DPO19 1Im=l.LX

Usel=}

Yepos])

XRULT Yo XR(T)eY

WRITE(6»30) :

FORMATUL1Xe/7290s TIME~SERIES #29Xs HEICGHTED TIME~SERIES /)
CALL PLOT (XRsXRteleH00)

BO29i=lslX

GlIdeXHil)

CAill FPT (XYeX1de~le)

NOY WT ARE MULTIPLYING THE SIGHAL BY T

DODl=lelX

Tal~}l

XREL)=TRGET DT

- NOW WE ARE CGHPYTIRG THE ~HASE

CALL FFT (XReNle~10}

AVPH=] o

LYsLX/2+])

O04l=lelY

VOeXRGU T IRARUC L yeXiUC L 2oX (M1
XR{Ijo=tXRE (I RXRETIOXEU{L)aXIC L) I /IVD
HPHBAVPHEXER (L)
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CONT INVE
AVPHuAVPH/LY

(08 =l oLY
XREI)=XR{T ) =AVPH
FRINTSSO
FORMAT { 1 Xs AVPH)
PRINTZO»AVPH
FORMAT { 1Xe5EL16e8)
AL®6,283287¢LX*DT]
CALl QSFiALsXRaxIsLY)
LegY=2

DOT I=lal
RUALY S P s~ I (LYe])
CONTINVE

CALL POLAR (XRW,X1W}
WRITE (6+31)

FORMAT(1Xs/22Xs AMPLITUDE WEIGHTEL TRANSFORM »22Xs PHASEUNWEIGHTED
1TRANSFORM /)

CALL HPLOT(XRwWex1)

DO51=lslX

AMPR( ) »ALOGIXRw( L))

H{ T} oAMPR( 1)

CONTINVE

CALL FFY {AMPRoXIsle)

DOL101Iml L

S{I¥=ARSIAMPRLL )}

S(11#204#ALOGIO(SLL))

PRINTSESU

FORMAT{1X/24Xe COMP CEPSTRUM 243Xy LOG COMP CEPSTRUM /)
CALL MPLOTIANPR, 5}

NOW WE ARE PROCEEDING FOR WAVELLT RFCCOVERY
DOLOS1Ga1yIN

READ1OT7y KA

FORMAT(13)

WRITE(6e34) KA

FORMAT(1X/71%y NUMBER OF PJINTS USED »15/)



a¥a¥al

32

11

i2

13
33

105
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KB=KA+1

POLIn]leKA

AXRLL 1 »AMPR(Y)

ARL())»X1(1)

DO2IsKBsLY

ARRUL ) =0y

AXI(] w0,

LZelLY+]

DOSIeLZ sl X

AXR(IymAKPR(])

AXECTimXIC(S)

WRITE(6+32)

FORMATLL1X/iXe RECOVERY QF SOJURCE WAVE LETY /)
CALL WAVERTAXRsAXI)

LYMaL Y-850

0D 1) 1sKBsLYM

BXR{YFmAKPR(1)

BXL{IsmXIt])

LYNsLYMe]

DO 20 IwLYhelLY

BXRE] sy,

DOL2I=1skA

BXR{l)=0,

BxIt1)=0,

DOL3I=aLL ol X

BXR(1)mQo

BXI(1)=0,

WRITE(6933)

FORMAT L IX/1Xy RECOVERY OF TRANSMISSION FUNCTION /)
CALL WAVLR{BXRnuXI)

A STANDS FOR WEIGHTING CONSTANT

N STANDS FUR Ty POWER RAISED YO TwG IN FFT PROGRAMME
MM STANDS FOR ThE ACTUAL NUMBER OF THE SAMPLES
CONTINUE

570P

£ND
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SUBROUTINE MPLOY(XReXI}
DIMENSION XR{1024)9eX1(102 4)
FORMAT(1Xe///)

WRITECS10)

CaLl. PLOTIXR#X19X9512)
RETURN

END

SUBROUTINE FFTIXReXIsSIGN)
DIMENSION AR(102419X1(102%4)sML15)
COMMON AsNeMMsDOTsBLANKSLX
DO 1 I=leN

M{l)m2a®(fin])

DO 4L=lsN

KBLOCK = 26&({ -]}

LBLOCK = LX/7NBLOCK

LBHALF = LbLOCK/2

Kol

0O 4§ BLOCK = 1, NBLOCK

FK = X

FILX = LX

UsSIGN®R 642631053 RFR/FLR
WER»COSLUY)

¥KIsSINLU)
ISTART#LBLOCK®{} BLOCK=3)
DOZ2Iw} s LEBHALF

Ju]ISTART+]

[

-

66
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JHRJ+LBHALF
GRBXREJHIPWKR-XT{JHI*WK]
QInXRUJHISWKIEXT (UHIRWKRR
XR{JH)aXR{J}=-GR
A= RitI =G
XR{EJI=XR D) +0OR
XiirexX1{J3+GL
CONYINUE
DO3A[=2eN

I In} .
IF (K~MU1))4+3+%
Kek=M{ 1)
Kak+M{I1)

¥ul ™

DOTJn)slX
IF(R~J) 5918415
HOLOR=XR{J)
HOLDI=sXI{J)
JRUJ)®XRIKe1)
X{tJimXI(Kel)
AR{K+] )=HOLDR
XJ(K+1)=HOLD]
DO6I=1leNN

Imi
IFIR=M(1))T2636
KwK-M{ 1}
KeK+M{11])
IFLSIGN) 9910410
CONT INVE

RETURN
DOBI=lolX
X1¢I)msXI{1)/FLX
XREI)=XRUI)/FLX
RETURN

END

L

6'7
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SUBROUTINE PLOTEXReXIslLAyLE}
DIMENSION XRE1026)9X1€1026)sR{21)sP(21)
COMMON AsMsMMeDGT sBLARK
XRMAX=0 o
XRPNZ®0 40
XIPNZ®( o0
DO 11 IeLALE
AXRABS{XR(I )}

IFCAX=XRMAX Y1185

8  XRMAX®AX

11 CONTINUE

. KIMAX=O0,

DO 10 ImLAsLD
AY®ABSIXICT Y
IFIAY=XIMAX)109359385

3% XIMAX®AY

10 CONTIRUE

PRINTO » XRNAX o X IMAX

&  FORMAT (TH XRMAXsELGeBs6H{IMAXIELL #8)
PRINTS » XRPNZ 9 XIPN2

8 FORMAT( 2F5.1//77)
PRINT200

200 FORMAT(25Xs21He vncevesssnrannesecass®DNgZllHanvossasssevesencesnee)
LO1l5 [sLAWB
MREFIIWXRET) /XRMAX

18 XItl)eXIC2)ZXIMAX
WE ARE NOW GOING TO INSTRJUCTY THME (OMPUTER TO READ THE BLANK SPACES
DO3K=ls21

3 R(KI»BLANK

- DOTM=1,21

7 PiM)»BLANK
WE ARE NOW CHOOSING THE POINTS FPR FLOTTING
PO 40 Is{ALlB



21
¥4
23
25
26
27

28
30

40

31

IFIXRPNZI2) 22923

K20, {XR{T}41ls0)*1s5

GO TO 25
RelOa0®{XRTIIN#1,0)¢1e5

GO0 TO 23

Je20e# L XRLLIHa08) 445
IF(XIPNLZIZ692T 028
Me20,#(XItI)elaisled

GQ TO 30

MelOa®{XItid+le)+1lel

GO Y0 30

MO {XJ{1)4ali5)te5
IF(MeGTe2540ReK,GT2251G0 TO 8O
R(K)=DOT

P{M)=sDOT

HOLDR®XR(1 )

XRET)®XRE1)#XRMAX

HOLDI=X1(])

XICL)ymsXEC)oXiMpAX
PRINTQQXR!133(R(L)ik'la21ivHﬁLDRtX1i!!th(J}aJ*1:21)iHDL0!
FORMAT(E 1G4 B802X3 2 A1 02X 3E16822X0E160892Ks21A202X3E1640)
R{K}sBLANK

P(M)esBLANK

PRINTS 1 eKob

FORMAT{ 214)

RETURN

LD
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SUBROUTINE PUOLAR(XReX])
DIMENSIORXE(1026)¢X101024)
COMMON AeNaMMpDOT+BLANK LK
PI=3,15415926%

DO1201=] sl X
AMPeSQRTAXR{II®XRILI®XILTII®EXI(L})
PHZ=ATANZIXI(L) o XRE1I )
XR(I)=AMP

X1t y=PHZ

RETURN

END

SUBROUTINE WAVER(XR»X1)
DIMENSION XR(1028)+X112024])
COMMON AsNsMMeDOTsBLANKILXDT
CALL FFT(XRsXlomle)
LRITEL6#10)

70
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10

100

9

11

8590

111
900

FORMAT L 1X s 1X0» WAVERR®#LOG FROM CEPSTRAL /)
CALL MPLOT(XRsX])
KTsL X724}
DOLOOIm) oY
XREIV=EXPIXR(LI )}
CONTINVE
DO 12 IwlolX
HOLDR®XREI I #COS(XI(1))
HOLDIsXR{LII*SINEXIC(T))
XRi1)i=HOLDR
XI{1)=HOLDY
LT®KT~2
DO9OI=1slT
XR(KT+]ImXRIKT~1)
XIIKT#[)u=X (KT}
CONT INUE
XI{KT)nO,
X{t1li=0s
WRITE(6211) '
FORMAT(1IX/1Xs WHVER®®WFREQ LOGOREAL EVENsIM/ ODD /)
CALL MPLOTIXReXy)
CALL FFT{XReXIn1e)
PRINTE50 .
FO??AT‘IK(I&KQRECQVERED WZIGHTED TIME SIGHAL+4OXs1IMA VART/)
Al{l)=]l,
CALL MPLOTI{XRsX1)
gGH WE ARE UNWEIGHTING TH wAVE LLT
.1.
DO 111 1I=]1,LX
SRUTYSXRiTap
PapP/A
CONTINUE
PRINT 900
FORMAT L IX/18X+RECOVERED UNWE IGHTE! WAVELET+44XsIMA PART/)
CALL MPLOTtXRsXT)
RETURN
ERD
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IsLy68* 20
30€SLY° €0
3E96HT* €0
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362019°%=€0
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ILZ291* 20
3eTITE*=-10
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369€92*=10
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30TZET*=%0
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€0
zZo
zQ
t0
€0
zo
20
€0
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