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A Prtil'i'sq01' 

A. cavity Is a body if inaiclial which has a lower density thin 1l-ml iff Ilic murrOundill8 material. A 

faivily rnHy be air tilled (i.e. a void) it rmiy IIL: finial wil.11 'Water, alluvium, collapsc material or H 

mixture ot' all or ihe mhiivi.:. Tlic exiAcnce of tnis cavity alters the phrlicm1 mimic iii' iliu :inau, and 

luxillix hi 31, cuntrast between the cavity anc.I the INIK1  Kir/4E11111. Niaill all y OCCUITing Subsurface cavities 

posed a dilemma for civil cnginocri. ftinInuirliLuu cavities were a problem at dams and Naicrvoirc, 

NH1,101112. in muvuoz kultakoz., water loss, and potnii:41 xiniciiimi collupliz. Microwave imaging of 

buried oblect5 is widely nmul in i7:11rminv, xppliusaLitnU tbr geophysical exploration, Mg.liiii.1:41  ITTINLirIL, 

L:ivil cnuinouring untl non-destructive testing, in collapsed INiiltline or rivninni:Inz viul.inifq. Since very 

limited work has bcon omrriv.il r:Ini In LIL:IL:L:1, Ulu !away using Microwave technique for rcrnolt: 

xcrixing. Nn iliThri linx bum 1111.41.11Z IA f weal:- and detect the suborface air filicd cavil),  in inuNunce of 

other obiccts like metal. For this purpop3 :4 monclailmlii: xcul.l.cromill.el ig assembled, which can work 

HI .16,7 :Arid C-bmnii wiiii iik.: pol)n.i..e.miicil (i... H H and VV). 'Inc back scatiorcd !:tiv.rml power ix 

measurc-d and processed by suitably modifying lin.! 11.10inhincs iolud hi iinae processing. The 

icchniques arc 11 7ii...i1 ill :41.:1 H 1,1nuxlmlil by which the returned signals are classified inlo clul.uulgil 

Oblec.LN. 1-Inctiiii4ing results have been obtained which L:n Iona: Owl in mall. Future with more detailed 

work, this techniipic mazy iic :.1 piiicni.ial Lool li..?i,  nuborrace cavity detection. 
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Acronyfil8 

'BAR 	Sylithetio Aperture Hadar 

GPR 	iiround rcnormi ■ fl 12, Tbitbir. 

RADAR 	rOi.111)111...icciiini mid Rulii!kiilok 

MT 	kiiii'eivai.Ve Hornote Sensing 

FCiP 	Foreground l'ixtl!; 

TICA.. 	Nicic.rilinici Pinulx 

FAR 	Fsal:qi A larra Rate 

r)A. 	Detection Accurny 
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11:11AVTLP  

Ini.Mdllieti011 Iron Millivutifin 

ill 	ITOblitini Di ___6cummion 

Tilt! 	 111'002:4 in n'llintlrr;c1v iluLuCtion is to 	Ilse COMpO'Zition  or Ilia 

ig not visible 	ihtz naked eye, Tl involvux dig. detection 	Ow objects 

using IIH appropriate sensor,. 	to discriminaw huiwuuli obieets of inlic,rum 	obiects 

not of inter:xi,. the shallow molr:;iirface has assorricil impoitance in kIrTiricurilli:d, activitie1;, 

mvironmeroni Hisues ;Anil 	 It involves loe.idioil of manmae.le 

nIC11 OS 	pipum such a plaslic srrul inetiallic A:15 pipux salticl \voter pipex;  

locution or VOldS anti 11111111.:1:4 	 ut' energy soureo:7t :-tuch a!1 011, gtUr 

000.1, demming, 	waste than lip% 	 Phinflifil2., and archaeolonicml 

inveNtiglations. Thi: irrliriitlatirrlt regardinu, 	Nulmurface is prch.mahly obtained 

disrupting it and I1rix iudmique is called Tion-deNtructive 

A. cavity ix sI budy of material 	hag a Ico,ver domily than that of t}w KIIIT011111.1 .041, 

), it n-Erly  in:  filled with 	 or a material. A 	may be air 11111:d 	void 

:111 	above. PHI 	of this cavily ),11.10 the phytlic1:41 	01' the strolo, 

mud immi ll x  h i  a contralli bviwccri Hie- cavity and niu IrtrSt strattin, Submit livLe cavitict: Nro rr 

lrreslrlc:rrl sit 

	

	 5evert, 	watt. loss, ;Anil dams, rcrvuiTM kind canals, 
colfiv iicateci in plAccx 	the urbani.emliiiii 	Laken structural collapse Tliujiloblem gels

lirrllttct scope: or intim:live stirvoyinE, 	even non place at rapie.1 nifu thirebY leaviTT 

destructive sorvuying!,. Ninety perumiii, 	 titlephonc, 	 pipelines lie 

rrjt lo 1.5 m 	which 11Ccd /1} Ire detected, rrimpin.:d and repaircd. Minim y COnsidentionx 

Itxl ii) 	etforts at re:Thille cavity 	).1.:4 extensive 116Inni:11.31111PleXe5 in Vioimuli 

1)1111:,111.1c1 American operationx throughout aim StFuthea5t Asian VV)Ir. The detection or bunkum 

and 	hanger ?:; rot mifCrattS and minumnition  dumps  v.)In 1su other likely (Oru.t:IN wlritll 

need to ht identific.d. Almii:;t all develivcd 1.:itie:,; across 	winkl have or are in lint 

of sulmurface lurmciiq for clevehlpmcni. or metro tr.tilinx. These tunnel 

Monitoring and mixck::Inient from Hmilay point of vii. w 'lire voids in 	xurlutt of the 

briclu,cx Lind roads c.::An In: iii:LaStrOtis for an: Inutile' life and vcIliule:q. He stor:v.v 



tanks and w.le.r. chann,...h., vvhio, nave been abNiricloned or not in lost... mIxo ilizel. to be idullA illicd  

and mappcd to avoid .ir:3/ CI iliNiiiie.tiOlifr OVCT kilii:11  Area with ti( ,filling, iiiciii. 

riRA it oar 1.w. 4.:1i.:Inly seen that moxl or the times it ix ritil t'ilIly ditt1C1.111 171111  mix() 

h.v;irilnum to carry imi the survey. Thus :4 flui.:il i:.4 telt to explijrt: ihe f:ossibtlity or &It:I.:1.14 

.1.1i... xiikalria(li:. 17:41.eily 1 L-nriotely withoili ittiViliA to till{1(61-1 }11“.: 1111 	rigirlari.1 1 11:-. Mi.  (1L:1)10y iliA 

rcii:401%; or stirvuyi iir, onsite. Nficrii.kqiii...: I U111Ote sensing (VI RS) can thus bi,Nli MIL! }Ili 11111),...,nant 

tool to dovili  xiih:41.irtiace cavilicx  cxpl.:eially 5111:11111.1w cHviiiIZN 1Ply' s).,sterroviii.A1ly xualtninA 1.11 ,1:,  

target Tr(1:•1!•1 Mild firocessing  Ow hilialitation. 'I'lli: advalliae,e ot irticrowavv. hi .:4can at any (irni 7  

of the day i•Jild In Any weathilf .  L:ialLiitions can 1-)c.., :.111111.71.1 advantage. Om: iir ih 1110 St 1111P:0'1m/A 

11.1mhirvx can be almost ri...al lime availabili(Y 01' 1.1:liable and accuroh.: data.  The system ilmn 111.: 

mil.ulliiu Cuf aircraft horni,'. 

1.2 	(ivul i view 

The detection of turri.:18, iiipes and otherburied I rillomorrvii lox 1111:.i been recenlly aillifc.mecl 

by using, electromaLimaic inverse 1c41oilrifit, nyi)ripaches r 1 1-14.1. microwave inial iriu. or buried 

objects is wiic.lcdy !mud in sensint; ,11,1,licatiori5,  l'.tieli  >Ex ecol)llysical cxrlimnitai, iriedical 

imaging, civil imu.incermg and ri.ln-dc..4truct1 ive te!7:1 ii 1 t, ill collaPscd hoilili hu,  or civalanclIc  

vietims r5] .1 .11 detect the. i...ovicy the techniqucx. huinE, applied ari...., if,:cnilhysical techni,1in 

1il.:1: :51,.,ixrriii.: iull'ACtiC111, Scimmii:  retlection, Cimvity .culvey ICI:1"IniLlin: Vri, electric :6i] ri.:...cktiviry 

inDiu,inu., clectrical gniiliunt techniqucK L..h...; Eleetromilgridic techniques likt .. 14' 1L11:4111ement 

in'  thc maphitude aril ilin.:ctIon of E.;:ii-Ill ':-I magnetic  rich! 17j, 1-1ectromagni.liv f-;Iii vi:6 Yinfil c(c. : 

Radar technigneN CiPH ltrl, 1.61 ;.iiiii C:rosshohl Real:hole Radar 191 II? ilutict the CNvily:, 

Misceiianynni techniques lil.N... hi hared searncrx 1.10] and combiiiiilkill I I 11 1141 ()I' ow 

i..ini.... it ivi.: illiotioned tcolniques. Ali ilicw.: tccmicuc..;., ilmvv. :thyme lin:n(0041113  like 

c.1471t.:1:ITY.Niiiiri L:mi be taken. only by going in ,T1t:}11' VielilitY Of alt... InILL:1 and this ix :6:iiihul.iiiie-

cliniciill mild :trine timc  danui.:riais also. To TninirnIze this eirvil ilim,  days MRS icchnique is 

cia.ninL mx a. clowerful tool 

Still very limitull Milk has bccr caviled out to ilith:L:1 the cavity with Micernvave 

technique tor remolc 1.11 :r 1:4144. 011e of 'hi' Pli'liable cau :c 1111' Lhi'; IS a mriPti'illiNu with the  
penetration deplb  ilaii has to be Trim& while.  COnsidcrinE, Lhe microw.ivcx  l'lic  j)erietration 
depths of ( hm, w,Lves are 2.,:x t ri,..iud because ;..1( 1,;12.1,ei.  trequerivy mih.:iluation i Trim! 
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SIIIIIMilrace ttirtv.:L idelltifiC;:lii0 11  ix a chalb:ntlinu, La7:11t: as there Nril :I vaiietY Of randrimI Y 

distributed lir [Wanted 1.)bit,:yax, teLL11115 frcirri vvitill  obscure  thy. rultnil ti'Crill ib: tibjeel id 

interest. Furil,cfmork..,  (}Ii... rtictliwil 111VOlvilil (i. 1-:. thc.6  ground) ix 11:x1,1).111y 105511.1, illhOTTli 1L' 1311=00 

Hull! ill, Aignal -te-noi:-m rffill:i. I he ;into givex  inoisturt:-11ein:nclunt losses 111).11 xi El. hItIctintlY 

xriirxtrcirly and ytIrrtillux riclif bounckwit.:x ot the grokancl II lilke the ciri.lri}VII 14111 ed.  VIVI:VC.t; 

1111i1Erep refICCIii,in 1  I uFraction and  di linictiOn,ta 1  us rrrAiiT'L-nergy L17:11Wnixxiott interprotatit.m 

tlillit:ult. This:  Inucillti'lvith  (ht, 11,1:leTice of  ilq.ri r IL 1 1 y couglinim 	I n i 1 -k1:1.111C1 i111UNi.' 1 : 

'nuke the (;..(A;, ormiblurface  (art :l i4:11:11tIfiCatiori Irniy ibiTilidablc.  Thy 11:1.11111 from tht: emvity 

e,et obscured whik: the subeurrxi.: study is earricil out with microviiiNvi:x. l 'he nature  or ilic 

ay. .,(11e. conxiiimilve cavity alst." pily:-: no inipt:Irilni role as it rn:rty 171.7 Tilled with likl ili,1 ill  

parameters or the Laivity coritt.,:nt and its inte.raeliim with the tyrrontliling.i, rneclitim  Nillivzi, the 

returns /.11ihr incitluilt i)ower, 

Active nikfowayc TrinnuALLILIC SClilyrnmulir technique linx been utiliveil in our 

exilcrirrit,Inha mioric. ' i.ho ronxitlui ed scent.% ix irnidiated .with continuous w,:ivex xynil tu7n7.ed h' 

n iivtittyni:y wolthesizcr rinsL Lilt thr.10 1.7 mc:illuti:i p0 11i.vtir ix tticusLiftC1 WW1  III::  xiLine alltCrirl:4  

Tian:411th and recojvc! 117, ,11,74 rare is{ lao.:A1 uxing ri (iv:All:41m The bacItemileleti l'aw da1;4  ix !hen 

xncimmiial proet:::-:iuu. IA '  the procesAed to carry Ind the deteclit )ri or the buril lti 111).1!Qts. Thc: 

die teciuliglinx Invi.nlable in iu1)11 c aria1 3. :,i ,:  raw data i):t 117.11Tiud 01.1t aficr xllitably adepiiTT 

moil.% 1( invidvt.::•4 the step:7: id'preprocessinu, ima8e enharinnini.nn land ob.it..,0 dull:I:11On. Lit:inv., 

cleavor ha 110zil niade ti.)  deleet ihix Ininrowave technique wil.11  Image :.4,',11)', approach  "" 'll  
Ili:: IDilh ivy air filled L:xvily zind distintlnixli it from buried I ihject 1t (..he xmne depth, 

_ 1.3 	Available TEchnlques for r:ivity l)etection min 1  their limil M liiiiiN 

13,1 Seismic ‘VtiVeS '1"he:. xvixtnie method rylicx ori the different:ex in velocity urclotic or 

xi.,..h;:rnio w7.Fivux through diM:riznt geolouin:41 of Joan made rilxii.71 Jab;. An ebixl,ii wave is 

el.:m.110 vti ill the ground lay iiiipctct foryt.; (,r1 li.1,11111A weight tit !milliner blow) ol explosive 

villlluc, .I.1,i_ resu1(ir  vouild motion ix tLik:cted at the !$iirlileiz by vibration dctectors 1,'.:411ci I 

geophime (which  convoy;  ground miaioll illt0 an ,:imiloo i.711.:Luical signal .) ,  A tew  1o. i ilt:,ex:-: 1111  

mapping attorplx Loing high-rilxiduliCill seismic ry.ilmiitio survcyx hxvc: been rnporivi1  t1 5l 

[17]. stmt: Tim nxions of (Iris: luulni1CILle arc 



(I) The 	 r  1.15e. 0, sn.; ninic methods to ktermine the gi.1111114.11 y or the sub-tu,vil ix )1xxtiliated with .;..1 

low level {IL' 	of thA:se techtlignun in shallow ilivuAlgations. 

(ii) It entaiL3 rl large set of rt.,..xiwuruum to be ernrli Tut' erniite and mibichml to the ground in 

can out Ow xiady due to which it 1f1 much di.1Wilr ihlin non contact int2. 

Grxvilly Method Tin: 8,ravimetriernd. 1  bot. fenponds 	tiiiThrunuen in the moxx or their 

xurrniincline,n, which re4;:1111.:4 either from illintoints in the demily of the ground, Irr  from 

v)11.hition:i in geometry (cavities and yilicix, 1.:Inhankmont, 11H1:4 	Ciravinwirk: 

ineasuremcnt in variations in 	IntenSity 	tharth"s 	 tield 

(e)tpic:cied as acc.cicrmiino in centirrieicrx 	iecond 	oi i/,111n). 1h11  friv.1  hod Vico found  

	

wie ill detceti% the water or xidlitit'in filled 	 microniv iineters, 

technique has bccn Cilqed tor cavil),  ilutuution by 	I 	I(  I 1  t the B4.1.1iT 	./11. 	xi.thnitpiu l'eCILIIret: :4  It Or 

care such ii 

(.V.) 	IrItiIlrl weia511reMig1114  m111118. a section Or rlrl 11 Arid regkliTt! Licat care in 

inxifilmcni., and the 	of eael:h 	111L4t be caret-1111y narveyed, Tho hui4,11t or eac.h 

station has to be 1:;;Iri: 	ly managed, 

(II) Oravity data obimillud In the field intuit be corroewil 	elevation.. 	density, 1:1.10111+ 11.:% 

earth-tide variat1orix,}11141 the influent:1.: ul nurroundiriu, to1't1711raphie 

1,3.3 Electrical Riniklvity Tviolmil In this mcihoil the resistivily 01' nubsurfari... 	moment 

is measured by injecting an ehlcirival current into the ground by )1 pair of surGio.: eleCtrOCICZ 

rrittaiiriiiL 1,11e resultinu. inituntial 	(voltage) beim:cif Ii second Niir lir electrodi: 

Thix 	lelles on 	sub3uri'mcc vartatiom 	cluctrical currciii 	whkii mint: 

ni 	by an inurg...oxi.: 01 decrease in uleetrical 	between Iwo L:luctrocles. Qmily 

ca. linvu uned this lilt:11114m: Iii conjialution with an: (wit to &Ivo xilln;arfacc emiviliN iu 

	

'Ti 	igeretriCI: 	 luid The  .L.gYPt ill. DIM 	interpretation of data 

existence 01 	currents }Intl poteniiaix ix LAPIVIPleX. 4.111Mi1 III4Z depths rrwmmilud by chi 

tiOinique )1i.c normally an ilvufent1111;Mion  or the true inviNtiention depth mnil 4.)11 the oihcr 

Icuhlyique invoivon the usage xvnxoin which 	Li) be plaeed 	thug it  ix 

AFIV44.1 	01.11111.1111in M14.'111150 the ....1.17iii.7y 	15 
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mi...t.. 1.3.4 (46Und Penetrating IZAIhie ((APR) 	on Nriplies to i r i.: ill '  ilectromagnelic 

techniques designed primarily roi' the location III  objects or interrnu 	buried beneath am: 

earth's surface.  or locatec.1 within a visually niluill. 	structuro. Cil'll 'Equally operale::i a 

frequencies betvi'ven  1 and 7.100 MHz and 1,$ Emtirilill of iDenctratillE, thu g.i.round to dep11 r:4 lir 

irri.ly It; the ground, ;Aid-Hullo more than 30m. While most Cil 3 R Rystems arc,: mud in close prox ; 
umv, ic.c. tom:10011x, 0,,ciers, and pericirsill: through fori...,7A u)incrf,y• riy6tenis havi.,t bixii able to 

The great advmritlige is thril ,  thi:r4  method ix ninukgructive  ;:iriti hieh :}'reed. Dee.pilv. ihivingt. a 

111i of advorthic.,::., it 16 ci.1":11::icd with lirnitmliini:,+ like 

(i) OTITZ ix vulnerabli.: hi uxtremely hiu.h luvels of cluttili.  reI :fo'n't ranges :..mil Illi:; is us mqiiir 

tuelinieliI handicap. 

(ii) II. is '.i 1111pOlt.iTi1 hi define cic:lrly III t: target paranicInn'q. There 16 :..1 enn:qiclerable di rIllimtu:u 

between thi.... 1),I.gcl, E.(2.5por1e illirli Ii buried pipi,.., ri bulled mini,..., 71 void or a planar irilcr ruct. 

Thi5 ly.i ;.1 riiajCit hikpact on miliunna design. riliminaion Stalk.. Kul Hiotal proeet:?71iriL xi.lategy. 

I Tcrint: the rclated cost r:clinili hi It becomc. I i rilitilliz. factors. 

measurcm,..,„p.., .1. i:en-memoir': vpilations in Ow xill/Alitace C.;:ln h.!  1.3.5 Thianifil Metblillx 

uwil ii: In'Ail a near xin. nrce and a bori..11111u method. 'n  ,A.:einetc.  water bm ri hio Specific licill, 

iniiii61.y compared hi most natural maul lals, 1t6 (Cuipurattlre Ch;;ITivx xltilivly ais, it iiiiuyill.un 

thiTh1611 the submili.1314zi::. L'onsequimily, fihallov';'  Pirlil  temPerato rmx uaii be ri:IIE11 1,11 the 

occurrence :64rii1 l'Invv of ground ii.vriwr. Shallow u,unthermal ninuxillinents are ilmmIll..'' made 

by measurinu, xubsurfacc ininpulatures at :.■ mulected depth (pp to ..10 irit..link) HI nUMeriihx 

xlmliitim tivui a Stun( limc van to dC1'31 tiic water tir )111111C1 tilled i...;qViiit:N. The iccilni, l 

itiviilvnx placing 1m2,1,.. number of 5i:llitIll Oil which incmilielyientis hmvo in be madc, 11cnizu it 

hti Lilly ut. lnstimipu. Arid uelyers a limited area. 

13.6 rvingpcionketr.y NLii;Tif.:Lic inethodt: :in: based on O.K.. InniEiureinent or lucid variationx 

in the carill'x inagnctic licitl using m:12,1Ininineters. $111111  vuelations  arc:  iEcieiciatecl  %vial, 

ilitTi...ront ..nx in magriimk: :qi.Eile.ritil:i11ity ill'  nicks and r:tiiilx "if the pre::tnlicu A' pen-I-I.:m(1111y 

rrimujiclizcil bodice. 1iingii0:le teChriiiiiii:x are partichhilly useful in louating lnilmlizoil 

xillyilii. rmi.:u reaturcx iil .  eitOneering int":1".r..qt 51.1.011 ;.11:, 2.161111.1oned rnirin:qhult:i, sin): hi11i.:x., und 

bin iu'l Nurvices. Thu train advant:q12.1.: Id'  the rnethiul ix that majoc:tic measurer-1'1k uati be 

r .7 



mink: cicileincly i'nxi niid lime: thc: ime 4.ir the me(1,11(1' ix it.:af41.-inably chcop II Iiiifi eierious 
d,ro.wimekr, lilt.. 

	

(1) 	Vh 	111...11.1 :41erigths ..liri.... xi.:601.101y affecIvil by iiiterferencc: frorn 1.:11.1.:Unnii cablct:, 
elec....Erie 1'a71wur1':4, iiii...ving Whit:IL:N. 

(ii) 1.1rb:..in  ,A1'ca:.4  have in mfmritlance old romilbilionf..,, burici.1 ::i,.,T.viir:L:N, 11111:1 watli,:. rmluril'.11  
Hurdles  ,,,,,ilii.d., Emil card ht Madi I.M111117114::; 1.10:1(.11.10:d by Hi11P.U1Clir 

L:i.4,,c: rixu ter COnapieY Mr1( 

Il.:}11 MUM it engineeriTIC il I 10  reSt• 

1.3.7. Combinaiiim iir techniquoi Over a perii,d cal' Lillie large ntIrriberm ot' stu-yeys h:,ivi.7 

been oarricd mil iii conibinatiori ill' tochniques ic.) ruinforee the rexiilix obtained from mu.: 

technique. Si.11111.: SIT the expc:rirrierik which have, bi.:En reported are gi VL:II I/UICAV 
(i) 	Deli:1111M La Underground uavities h 	combining grovily, iiiiiiinetic and !2.1-ilillicl 
pilriotratirii; rrithit urveys ho,7t 111.7L711 I eported Spoili I,y Mocnajell N id. tl 2J. 
(H..) TrilivrilitHii of grbund-relietrating radar 3110 inicrogravirTleirie methods 10 !limp :41111110W 

1.:}IVEY. by FkL:10 er ai. 1131 
(iii) Cuilibined gc:opliplieal teohnigilux l'or cavity clout:Lion haw hocii peoposed by 

Abdullimly er a/•  in which Veitical Cleciriuld Soundirw, (yFS) and i11114 Firivi.: butil Utilivilil in 

Lgypt I 1 1 1. 

(iv) imoiing sullxur Nut: C. avitiek: Illd Fie, ACIDeleCtriC I rimoy,1 iiiihY lnd round penorilinLi, 1 udui 

w.vr. c,lrriirci PHA by Caily ei al. in FAYVE i 1 !] 

A point lo hi.. noted is that NH OK: i.o.'in1bin51iiim Luchniquel:: rrivnliouvd here, incluilu OPP-

Thm rNilmr rolluff an inIcermi part in ii-iix type 01' dilicclioli. Hovcvc:r, CPR having 1 k owli 
lin7itatims, .,..in c:riduuvelf is br.ine, ,nude to dilvi.thip II Lechniglie whieli i,;vill ix lixellil in deterlinv, 

th,.. clubNuiliice Cilviiy or veiid rerni.1,10y. 

It ix oiNerved afic:r exitically anoly....iiiki, varioukt mvailable techniciiiex that thcri: ix n 

111.%111 10 ie,,,:plori.: lhe 1)0i1;Iilily orapplicol ii ill 411.  MRS t2,1Clirlique for '...;u1:ixiirilicC.: cavity or vititl 

mRs on subtnithici.: uavity dcli.%Ilioll, Iii cicualion. VitzvAng thc. impoitance Of 7.1111111CLItiOn of 
this 11,1::.,,,,it  thesi ;,..In  miumirt hat:  1,,,,,."1  hlade to cicicei the t.ullxiirilluc: vaulty in umaiulle.C1 

nkit) applicd xiniie image conditiok; in the: bilmmtor.Y. T ..d 1,:iiiiiince tile, rexiiii:; lye imvc 
analysis  techniiiii,.. i ly  ,Nhich ilw. Licux.tion can hi.: xiii.:rativaii,lil. 
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1.4 	.1.het& ( h.gon ilra i ion 

'nit.: wAriwilx ECCiviiiiiv.:x 1,,,, ailiabli: for 1111.: LIclection or ilic Lawities lnd voiilx iiiivc. been 

1. The aim 0. 1 16m  di:.0,:ussion  ww., I t , ilealyze (hi.: .:ir.LIrii2,111 slid VileAkric64 dne.t.rixt,:ii iil Lth:64Plul 

of eaell icanuiiiiiii:. 

Sine:V. II El+ envisaged to tlizi.L:ct a cavity !Nine, inicrowavc loillmiLiut fl.-A: romotv xvii:iiiiii, 

),.!rld diStinv i NI i It from *le two different ollicicix loeated in proxirrihy to each othcr in:low the 

xiirlic...c, Cliupter '2' givez a briur intro uo ion It 1 'emote scrittini2, Imliire dwelling inn! the IV1I-L 

mid it :  iculinique. 

pri„:„:4 ;,1# to cichii,..vc iliL.: &f action of Chapter . titylK wills the mothoi101L)ey and data 

the ClIvity . It explainK 110,0/ the back ;:i12•IiiL:11:1.1 :4ignal POWV IX !Ufa:lured Will proulz:'4ed. It al.1.1 

deals with the ikilm pli),enning toarliiiiluN Lined in t111 ili:4:4catation. TAillu, iiiI)L8e proccir112, 

tochrnque filo raw than. plot i6 thcri mihjucted to 1 ri,..proL:L.::4ing and Ow iLl.:Iiiiiques of jinni.: 

ilnhancement bvlirri.: applying IbL: iiii.enholding. VM1'11Pli:;i thresholi.lin 11:chnidue5 havi: buco 

411.1Vck1ped ILIVill' )1 111:1110d of tirni.: 14)i.  different Hip' il.:).Ltionn. Tlw cliiiicu cit thresholdiflu, oing 

01.:411 :ind Fritropy dwelt:holding ibr 5pati.11 elillilnili 15 Pri:krrelel Iii kil-et} the .41!2.i)ritlii'r1 szri pli. 

and utimilinationally li,Ixx inmin):4. 

Chapter .1 covuoi the detaikil (liNule,n117n of roxilli$1 tbr the (...91L:iiiiientai tiNrk (17irritA 

(.LIE for during rhix LliAneitation work. The X .band Hid. (. hand roxill IN I ;lave bci:Ti ilimute6led 

mid ;A bricii,linTlint i:'41.-in 15 macic huLweeh thq. r"x"II.:4  at the twn hm1Rix • 
c:11)1/711.:1 5 highlighht ihu coneltision mild nature S CO pc L'd  work. 

7 



CITAPTER 2  

rvuerowiive Ili:mote Sensing 

1 iz11i'iOtc Scuixilig 15 the soivalue )ind. art of ;..ic,iiiiiihiik information (xpoctraL, 1P;16:11 .. 

iiitlinmilli IC and icrrivonat) about rn:lcrinl objects, aro.i, ill plitnomerion, vvidiallt coming 41111 

pily;:ijun I contzict with the objixix ill area, or Phi:114 Filiii1011 under iriveAtleation. rtilriiik: 

:'ie.'-ibiiiie, also c.a...11 Olitti obskrilmlimi, refers in m u,e,,ral sent:, ii.i the instrunicrnxiiiin, 

tectiniques and muthods iised iii olixerver  or si...itxy., iliu surface or Illu 1=111111, tioollY by  lilt 
a t a  0;T•l }i j ii  distincki rtlitioli.: 11'0111 f0Mlati011 of MI iini4e in a pmiliiiii, stationary in' mobile, 

that 6t1Illicu. III reM0111:. K4'.11}411g electroninnuiiu radiation I.:timing from mil tabitin, an: 

nic,N6tircd ilitl translated info intbrmation mlwint the obiccl ,ir into Procil'!:'6'"' ":1"tcd to di':  
iihieel. 

2.1 Riamite Sensing 

Remote Sensing ix chixAitied into Ihro.: types in rklsricui. to the wovylvile,th regions ft R], [19j. 

• Visibly mild Reflectivi:. lill'imed Kenwic suilAing. 

. Thcrm)11 Intrared MIMI al.: Sensing. 

Mi1.31}10/itcre Eternoic SL:11:''1111g. 

1.1 I.  (VII lore sensinfL.  The rollol.vitiL, componcril K )111: involved in illl fir{ 

ME miLtrce of (hi: Cli:UtiCiinagnclic rudiat1011 Oticli ix trail:milk-al 

. T'lw path throtiv.h i I iv atinosphi7L: 

The intorovi him with the obitm. 

• 'I lie rixtirtliiie, in the raklimlion by a t:i....flgor (ieception) 

• f'rcrimuux:qing of the recorded radimnee 

inockii..1 w Trl IC TV I iZtation and ifinlynls of Ow rumote sentd"2. '1"1 " l' RI." (I."' iiru'd  

'iasecl Thu remote 6crixiq 15 diviaml 1111.0 two nlilihixt:4 I 	on ihu iii:;triiiri.mi [7.0]. The 

two  tyilL.:„4  cif renitity xunsing inximinulits are: 1..1.xxxivi.: and active- l'il:quive.  instriimuni.:; detect 

the reflected or 1.:niitted electriminLiceilc radial in 	Flom ria(tirml mtn.u0t5 Or r1,1111 the' observed 

„ .„,,,L, Liment3 Nil 'Innate or iliwniliute the 01- iL:cL l'Ic 50ene ihk'Y scone. Activc si.,:tixors are th 
,,,,i ,:.,,,, to  the 0),..kut and reffritied or backsi:oiliwil ot-isilrve. Thu unergy is rmilimliak trOM tip:. 

nidiNtion lx received (nun GIL object. 
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2.2 	Mii„.0wove ncriiidc Sensing 

ivliu-; illage c.1:641:4 ix LALhered by milmxiiriliv, the strength id' uliveRy 5C.MturtItl kick to the t;i:mmcir 

in response io ellui8y transmit tilt I 1.1 9.1-1 2 1 i. The ch.:L.11:e of relleo 14111 IX Uharacterizcd by the 

seattermg erienuicrit for the xililiwe material being imaged. Thix is a lianction ( 1 1 .  tilt: 

111 11111101114:::A E1,1(riCal CI 1111111eX perTni(liVily   Of the   mmIL:iiiil   and the of the ;:ciiriiit:f.: in 

j:.41■1)11 ieled. Becm).1):c17 i)r 1.114=61r long vim vului 1 eiLi19., viunparibH.)11 ID a wavolmulh or the rad 

eimirmr/..il lo the visible }Intl ifithared mii:rownvin have gli...c.:Dil illoperties that :;ire iillpOrtalli 
ti ll , Immo.: wilsinx.  Lomvi, wavelength miclowave radigiim 1.3111 penetrate Ihrotign cloud 
c.i.ivc.i . ,  i ime.c.,  dust ,  :piil )111 but the henvieNt. rainfall.  Thim  inoperty allilwx deli::bon of 

mic. i .clmivc: energy tinder almost all wi:milier acid environmental condition': mil dint data can kw. 

colicetud at any tiTTic. 

Stilt:to?: inIcrilicu radars 11:11/e. 110:11+ U,..ilize:.el I() cmitli2i Stlb:Piri:cmdtHeCti011 ::1i ilml(IN 

lower than X-bmnil. The predominmitly used hi:infix nil: P, L, Sr  1::. nrul X-IraildS. 11%.1  xcirli w Id 

to arid desert :.ir.i:  il ic. best for t„.„.T.yinA out s1illy,,111'),ue detection ,,x;rie micro.i.,01.q.:,,,i ),E.1 the r,ane.1 

alTor/1)$ dee!) jwiletration INE-Hzd on the wmvulcil iAth Of in61""I w'i'le and  ''''''I  '''''Iditic`n iii"'  
111.111iiilily. 

2.2.1 	Mterowlivil Stamars &um: illicrowaw xl.:11:'icits can iiekiet. the small m Int WI ftr, of 

naturally ernilicit riljui.bwaviu. {..nervy within itx field of view, SIICII :;ensors are. Luillud Passivr 

because thou ileieut II,A.IR Ova i:; generatiul externally, lor uxiiinPle, by eminance by or 

rollectanci: Iron' IL target. The IniCrOWaVc MCI 8y recordel.1  by )1 passivc kicTi:-11)1' can be ifIri i 1  It:II 

h rhi: mrtiompheit, retiixi ini horn the  !...1 IT.1}Iuz, ernitt.u.1 rroin the riurf.irc, iir trahmlilklil n'ili" 

the mititilirrace. Liecatimil IIII wavolc.V11:4  axe 50 10"12., th, energy minilable is quilt! milall. 
•rbia,  lin:  ne.ids of „,*1,6, must bc. Im.12,1.: to detcel enou8.11  energy i" ,0:ord ;:l ii12.'1111. Most 

passNu microwave. miniiors art: (hereibre charae.14.:riv.ed by lin.1/4,  :Initial resolillithi. Parisive 

microwave senor  mu typically rmlioineters or xcriinnel'S WI(11 mr12,111unna to deleo and record 

ilit: microwavi tinulAy. 11,16,jvc ifficrow,:ive Ditlitierieter'S  iii Ii lei the ,S4.:,m)r)iini MUlti 1:11:4nricl 

Pvliernw.ivi-, Itsaliorneter (SMIVIP.) prodlicv hinzaery 1,0111 11 low spaii:,.11 ruktALIT1011 11 11:11  ix IPIL31 

to pitividu i1iCilSt1ri,m1tullx Or 5eci surNee teraperattiro mid wind spL:cd, and alsi 1  Iii ilclut:t ;tit 

ice. Applications Ill'  ila.:.duve NIPS ineldde me,:.tilorolokY, hydroity, and oee:FinFe1 t.phy. by 
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looklrig, at, or IIII'ough the miniospllere, der:hondiTT im the wavcicri12,i11. 1111.:11ZelrOlOgiSIZ 

passive micrnwiLves to 	atmosphoric prnliLs and to 	 iivattr 1:111C1 Vii.1114.1 

coritint in Ow .1.t1no5phi...ro. 1'iy(111,10pirA1 	 1110i'i1I11%! 

since riaii.lmwmie emission ix influenced by Trmixt.are content, Ilce:41 H 1V.ICIPIIIC 
imirving 5C1 1i.li.',.1711/11:111,:ii  and surfac.A.,: ‘vini-Li as well at: 	c't. P°111.1 i:r1T". .(1j1.:11  

as oil xlickA 1191. 

Acztive microwave 	8e114:1111CX 	1111111 	 radiation :41 i3:111i111Utt1• 

W.IIVUlellEkthS, 	 Uliergy towmrtlx 	ii?',H,pland r  aril then 4.1L7tects the KIrcriElli Of the 

lincloiunitered signal frurri ihe target Irl  OK: direction of Chi: 
	[221. ;Wive mit'..1'0 WaYe 

:iuii 	are gcncrmily divided into Rve difitirict rato1Pwicx. 	 ;And Tion-Iii'lap.ing. I hi' 

roost ci.,mmon limn of imaging 	inicrowavo 	 1(ADAP, The Ntivngth 	111L1 

baCkEpTalten,lil xiunid in measured Iir discriminate heiweuil differcni fmT,eix uiid the timi: tichly 

bigvy.o....ri 	Inni:mutted and fvfloned signals drierniiiic-r4 the disonict 	lange) to tho 

inicrowave m.:11:401'5 111C11.11k. milimulizifi and scalicruniciAzifi. In most 

prniilin devices which Luke meastfro 	f in one iini:Ar 	 as 	1.0 the 

	

ropriNcrani.1011 of 1111.:412,irig sensors. SIMIL: ill' the key 	borne 

)111:. given boll +w PAL 

/4/1/)...1R:'; 	iy.pe:; of radarx 	utilized today for tni: rimitau sensing purply.11.:. 

'1 he important 	have been brivily introduccd. 

(i) 	 Aierture itatimr.:4 	Serulwirx luolong to 11T11.; 8itiC 	 1.1):Lek, 

c011eCting 	i)lia::ic and liTT1L1 Ili:41.1:Pry Of thi: 	 radar ci:hi) noir" whic:11 IYI'luully Can hi: 

prothici:A1 u. eadar 	0r interteromorie iniii)Araphical rrmi, 1:11' the earfiCx x111 lace. ts, new 

8,(.:11(:raiiiill of S11:11 	15 comiriu, irilir existence., iluxig,ileci to he illeilitioriall)":1mhie, 

with cmpihillties stwl, 
	Jimitifre(powley, inultipoiarizniino data 14 41111.11 i1 ILI 

interterometrio ITIOLlon, and widu-mmath ocivi:viuv Iii hst of NITIiIzatIOns for SAR a:1'; a 

remote sensirle, tool is also r:Tidly expanding iri 	as divcrsc 	IPO!'CillOgr}IY% Ibrestry, 

soa-ice n-oni 	og, planetary exploration, gcninLy, ngriculturo r  And LutTaill 

(if) Precipitution Radars The:.e radars si..ari perpulidicular t'_  rim lir track, mcd,mir.i fig the radar 

rrilm 	to dricrmine Me rain 	 till J.:411111'x :varface coricunii Laing on thy 
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(1i0 ci.,,,,i profik nnibiri The 	raibrx look at nadir, int...:4xliri nu  the radar echo rv.1111.11 ii iii,, 

,114,ititlX.. III ilLaernairli,, 11111.: Ldiladrefleetivily protlle over the v.:Q.111'x surface. 

* ...Iiiirmaimy Raitml- mhimeters trammii mlitlit microwave pnIxt.:X and measure (H roulid triP 

time delay to tarv.:1x 1.4., determine Chi:4 dimtance from Iii: mull:yd. Cienerally :-Illinicwi'n look 

straight down :iii nadir below Ow /11)111'111m and thus mi...m-11,111 height or elev:-Ilioll (I ithe altitut.lc. 

'.f tho plotrilrfri 15 ace:or:1(0y known). Radar :7111iroctry A:, u!,.cr.1 on riircrult 1'01' ai(011ilc 

tlocrininmlion and on ail-cr.:011 rind :;iltellitet; i(.1 1 11111V14'1111: MaPPinj.:, rind :40a Stirfoci: livii2.111 

umliff011f{}11. 

Searrefriometc,ry 1-111...y an:. 11150 gem.rmiiy iiini-Illlaging i6:.rp:Li,}I'M }mid are used to nixkl.: IneelSe 

quantitative me.:0:11rvilician of the ;ATTI1 111111 Id' energy bael.:KEnnuri.:1.1 ti.om targe.lk.:, Tlic aniount 

of energy back c}1111:.1:,,1 In depemieni on 1.11: nurface. propuriivi (roughness) mid 1.111 angle at 

which thc mierownva energy strit:cm Ow LarE4et. Thmt Mi!}1111,:liiffietlY i5 a form ol' fadar ream. lv, 

.ucnsing that 1,...;in riluanure variou  Lcophysical prorw.rlicx or f4urf1 ces bwil 1.)n the amplitililv. 

or microw,:ive, cloul.ronlaglietic rmixt:N. 

I"iL.  7.1. Nion(m.u.iiii.: and hi static 1...:-I I I ci oil leter. 

Suarteromory Incumaenients ovcr. o0:111151.1riaci...y. C:411 IN:. used to ‘...iirri3414.: wind Specih 

ba5ec[ e)il the 1e...,.1  ,E111.1)11.: roughnes6, Circiand baseiti 7..1-4.1111.:Ecimeter1 are 'viol uAterinively W 

accurately mea ,Airil 1111.: backscattu from variCiLIS targek ill order to climmilutize different 

materialnant, 1  t:ttriquiz types. Two pi-411)11y type of w.ilturt.irneter are Tri(4111mbiti and bisUilic 

:4: t;f10Wri  in Fiu. 2.1. In bistatic :41.:In.i.uro111eter tilt! tr.)44:4mItting and runt:lying anti:mm:1K NFU 
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:Ini.,:mIL:41 nyvily ton i;',.:4141 i51111.:1. Iii 11101105tatiC C33e,  Ibr Iwo )iiiluilinifi are collocatod Thum 

mimuNiutic configiirmlimi ix n VCCICLI case of the 17iiKimiic xykicill where the angle biAV,VLITI 1110 

IMISP antenna redticAN II) ...,A 1 +7). 

In Mix ilxpuliiiiciital work monostatir xyxlcill wit') Single  antenmq ix ‘11)11Xiik:11:11 VVIliCh 

Will enablv. dilly uti-polarized CIIII and Vv.') Andy. The I:interim i connixicii ii) II circulator 

thus provicliq Autficient isolation ii.) IIIL: ruci.:IVLI a4.1111 the transmit pmill 

2,3 	inicruciiiiili (f Mlerownved 1.ivillii thE 7'21"Iget 

COTT1111EX illICIWAIOillei take piaci: bi,livo...un Ow ilicident micro\vavos inil thc targets on /below 

thy,  :7:111.11,30= 124J. Besides thi... xyaduiri iulated parameters thi,.. Li...miluilical and electrical 

propi7lic:x or the target along wioh iix loual :;urface geometry in (lin...11Eu ilic bacic5catter. The 

rrpluiiiiiiili.: iii imtelinity of this boamminAL.iod energy is dcpiliiiimil tin how the radar cncri2,Y 

irilnymulx with 1.11e 51.1313CC, Which ix n runction of scvix.611 vni. bililu:Li 01' parameters, Tliv 

brielarico of features in :4 rui:41. irrinvi: 'IA dependent ori OIL: pm iital id' the transmitto.1 "‘"TY 

111111 hi icti.uned back in 11-10 rmilnr• rroln tarAets on thy /':Ill'filt:C. 

2.3.1 	Seliviiir Nruilli:Ileili AS the 17.1ibir ix mu active mstrurnoni. ihu Elialacteri5tic1 or alt.. 

trantriiii.d xic,11)11 can be controlli;s1 III pm ticular, the vi,,avi...1i.lnu,ili arid polarization fir chi.: 

signal ir.: imola:nt Properties iir Ow radiation 50111C0 Wi:i.)in mum Au :•i115111g1211, r21 

• w,,,,..:1,,,,,,to/1'requont;1, 	itmla wavelength Kix :.1  iliicit bearing i'm Ihil 111.:u.iut Sit 

1ttun:11)161M of the surEiri,.. filmiLNILLI achieved by 1114.! microwave such that lowl.:r iluquency 

pi:JR:Ilan deeper inii? ih 	illoilum. Most $:.iii..11iIi:-Ian lie.  Sensors this opcmil.a Ill  the 

microwave region 1,1XL! IlliCIC)WaVe radiiitii:41 with VVIIVelellgthS brliMIU:11 3  mid 2t,  cm. 

lbalibilion at these. w;..ivcluriolin can pens: rmic ultaid, and the inii:rowi4vc Iiillid if; thus a 

valuable region for rciiiith: xua:..iirig in tcmportiiv. mild tropical are;;‘,..: viliv.i.v. i.:10Lid cover restrict's, 

Lilo collection or 'trait:Hi mud thermal infrarc,i1 irm1v.i.::.1. At I_ band wl.iv.i...IL:nu1 l 1:4  05,P1)1'coorro i*IY 

Hnil, Liciiclic.hil* on thc ili ..j.hi 23 cm), microwavc radiation can penillr:411... thu Ibliage of trcilx 

of thc -iilf....i !Huy l'iniell tile 1,;rotind Rnuk:icatter OCCI.Itf. ircirn 1111.: luuve:,, 111':111:het:. Inlillcc, and 

ow 2y1Hilid :.0.ii.i.a.ce.  In arc.;.;,,, ii i dry  alluvial or ....:;inily xiii1:;1., I.-L-hand rath.ir v:.in inuidnili.: the 

iLriiiii.1 I.01' Sevenil rnoilr.:4, Thc, fianie is true ror 12,Inuiel' ICe. t.'iher(ilr 16admvi.71I.:11e,th C-band 
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radiation can penetrate (hv. omnopie:q of trees, .11.1i1 1,iIU Lipper  laycr5  Or xoil and toe. Even 

shorter wNvulC611141,h X-1":4riil S.414t mainly secs ait: IiitY cif the licgrImi inn 4'111101)Y and law 8" 
and icc ftA,Irilicu. 

Polarixation Thy ptibuieution of an tfrciroffinpetler. wave r4-.11m.: [u die orientation 01' ilic 

ehlciril.: held during proimeidion. l'or 17.1'1'1r xyx1,O1115, this c;in In: olitniel) to he parilli,:l lo Ilk: 

tr.:11-01'x :Ilartace on (r}mmilii:oliein (a situaii0r, rul'ulid to as horizontal p01011ZCItiOn or TT m1010 

_r in 1;N: plane in whiEli both the incidcni mit! ::ieattered riy 14; (wInewhat ilvAPProlll'i"lulY 

culled vertical poLirivNiiint Or V Mode.) The tliziryte of pobrizaiiiiti /011.1W:ill tbl occurx cull be 

LL 1.1;;efill indicator or xurthce matcriml 17.5j. The polarizal ion or till signal hall: HTI urruet on the 

nature and rmiviiin.le of the backm.u.atizi. There COn Ix: ruin Li.Mbinationx of .  larth tram:mil 

all{ rcccivil plinuizinions as frillowx: 

(l) 	Till - II H 111:2117.011tal ft:Amnia and 11oriyoni:41 11.:uuive. 

(ii) 	VV - tor vertical tninxillit Lind vertic;l1 rvcciVe. 

(1 i i) 	H V - for horizonbil loin:41nit and vcrlicm1 le`cerve. 

(iv) 	VH for vett it;m1 nun::imit and horizolibi1 receive. 

The firs( iwii polfiliZatiOn oirrihinatiOnS arc rt.:11.:ITC:11 to at; likv-pohaized or 

cuptual ized bec:AINL: tom:Hutt and rum:i ye. polariza0inui an.: the 6;1171c. The last 1'."n 

utinibinations arc rclizrfed to al; croXXVillifi7ed becallo Irritimffit and rycyivt: polanzatiom:: :In: 

orthogonal to ont: unother. Pillmrirrigiiiel radan; mri.: )1,ble to tr;:lrimmil fund receive bob 

horizontal ar41 vEll.iLall Polarialion:4. Illu5, 111'4 x'' :̀ thle to  rck.':ivE iiiid proces5 ;111 lbw 

combinalinfix 0; L 1 1  iese polarimlion:q. Hli, ITV., VH, rind V V. Sirtili: our AY:Itern 1nvcsivi::4 only 

co pc l:irizt:il )1111.tillla OriCribil ion uOMPICC pv11airilni:11.1C see i::'11.1  nil Ian ''tudied' 
Faull of these. polnrivalloris hias vmryillEi. gensitivilicx it) tlill'e.rent :;k1rimili! illiillA.iel'Iritii:;.: 

mriti propiageS. 'lhUK 111L: 1:011ailabil11Y ni.  multi PCih4ri"lit"I data 11011K In improve th‘: 

ichntitiorttion of and the discriminniioll between ilmillion. in adiliIiim It, reC01.11118 OW 

illapfiltUde (i.o, Olt: :11.E'engtii) or Clic luturried 11gn:11 1111 Lzach pokieremiuri, most pokirimork 

radars are all$0 }INC to record .1  Lit: ['hoe inforrmilion ot the returricil xigrials. 'Thie. i,*111 N.: 11 81A 

to furthcr chnrricturize the polvrifriculc signatort i FI' different surrnyc ii.mtures. 



2-3,2 Target 1}ann/H:101 TIN., biru,v1 pll.».rnicters that inflticrice7 ille: Imukficattering proecin 

ari.: dicussecl bulow 1.28.1. Thu mrc tliruutly Interrelated to Iiitl m.,,,,,,,,  11,11Ameter5. 

r ,31.01;3{: e R{17.1Whirie.V.Y Lt re:rem tit i}i,.: livcrage height 1,,;irimlienix in the surface cover cri MI )1 

!thine surface,. )Ind i .:.i i11e.a5tircd 4.)T1 IIIU Order Of centimoilrK [71.1. Whether a stirface Irlile..)11.:q 

lonurh or 0.1exAli tc. rat.lar 41criu111:1::1 cm the wc.tvcicrii2,111 miel incidence anglo, The.. xialliuu 

ro1.112,11rie, 	III' a feature c41riim1:4 how the mierow:ive.. 1.:11ci8).' interacts will-1  Iliml :mu Ii.luu C/I 

tarpul ;11Tiil if4 generally the dominant factor in tlulur m .11'11114 the tones xrcri 1)11 3! 111,1:11.1e image. 

The :01111U surface: Ilmx  different effective.. roliu,11111z..;:; in diffcreri1 rri"11 ":111.:ic:' aild differcni 

incidence .ariu,le:x. A. ...-Ittrface is conxielcivel :.iiiooth if thi: hijuiii vmh,diule, are nluch ::rnmlkl. 

!Ilan the radmr video:length. WIlcri OH: x111 ilo= height varialionx 111...12,i11 1t) an1)r1.-)ach thy' :;i ....m a 

the wavclemEt.11., then the t;tirr:ictl will Lipt)ear rough. '1ht1. :.1 [2,i ve:11 Nell face will ,appear 11)11L,I1U1 

il:4 11112. N.V51 VUIUI Igihtli beCOMttki: mhorIL:I. mid smoother at; the.. wmvulvilfa1) hecollic,s. 10,11:,,,,, .1.111.:11  

xiirrmiu: ueril8hheS1 

A. 
(1) Rayliips criteria 	.11 .... (.7.1) 

Hcos0 

A 
(..ii) rralinhofere. 0-lit:rim 	11:r 	 (2.2) 

p.L...L1NN 

whol.: II ix 1111.: height variation i)1' ihi :.iartace and Aix  tilc wavailength. 

Thu latter is a more.. Arilly.uht criterion for iliv nuiedal surfa?...t...K mixuil on the anichtrrii 

of scaugiecl powcr reccivt:e1 the Image i.6 fornwel. 'finee types or xi:mi I cri IF 'c are shown in Fie. 

2 7 .(a), (b) and 0.1) 
incideni L:rielru,y (tuilefally 0 spectihr A xillooth surfaci: milixe:N Npecular scant:6%. 411111c 

avylly &or, rho :L:11 or) and 11111:-: mily 

resting ill xinemth surfact: xpiluIllingd. ir, darker tonctl HI'll1::1  on all ilmill'.' r". .i .  

(ii) Di rnixcel A rough x111. 1i10.: v.ko II 5catter th i:T1v.I.12.y approximatoy Lltiumlly in all direction 

IIIX, (i.e. dilInxely) and a !ii2,11ilir.:11111. portion of the:. CT ILTE,Y will be bacl.:xe:Hiieled to the radar. TI 

rough mut:L:es will ;.ippe7311. I i i./.11ter in tone On Mil illaiiiC.C. 

(L..) Mixed It ix rrrr ini,Leinediate condilion hotween the /Te:colui and diffused L,..1'11  'I.:1.1 11V. 1I .  

Ili: radar encrj.y LILH...:-1 hianage to pelnuirate through (hi'. loimiem 51-1rfaCCP 11101 V"1111111' 

:45111i.Ti11g rrEly 1}1:1.:Iii. volume 6caticriq, 1,.; the scatteririu u1 radar energy within II volume or 

are i WI t Ui I iLliCiiIS for tbi: 

hi miff amour,' Or 1.:1111'fi:Y 15 returni.../1 111 1111.: ilidar. I hit; 

11 . 



Inciiinni 
wave \-1/4\ 

iiiyi 	(-1 

f.imooth ie,uik-ice 

:1. 	 : 411:47..j :a"  1.1.1.4 .1'''''''ii' '''' 	% 
■ . , . ,,.4.4,... i . .. 	' II 14.  41 .Inn•Ilinn7;.... ivl....,..,.1.....:, ...... , . ,............. , ...,1 	. y . 

....• • ..,.. , ..... — , ,, , .. 1 n...... 

'6" 	• '' 	 n'  	 f 	: . .6'.1.4 4 .1.11. 4. 
Y"  Y .1' 1101111.lfg.  VT 'S II' 7 '' • ''' ..7.7.-r: •.'...',........,............„,..,...:,......... 

.-:....".,"e:......,:.6.........,...6.,. 

Specular rdector 
RnfIncted wave 

Mixed t.rutilltil'Ell' 

138(....k:Firsittered 	 Gliyhily 
nomponunt 	 foilgri Aliiince 

C.:1, 	 i 0 	... 

Dirrosc,-, scatterer 

\\> 

nu.  7 .7. 	Types  of 1.., :..liii... ri llg (co pe(vim. (10 I)iffu5o (s.1) MixL31 1,24 1. 

iiictlitim Nnil irqually con5i(6 or ilialtiPle botricc8  mid reflecill')" fi"r" different winrminuffil  

\Niglio Ow volume. l'or o?:mrTipli, In a forcKI,. mimilizi'ingi, triaY Cillni: IIIJ1II ti 	leaf ''''""I'Y ilulle 

tom or ilic titer, thc Ji....mvo:'.1 and brarii:livx rolther below, moil Ili: lite true hk  rid :'011 at thi:1  

11 



ground lovi,..1. IL may 5ervc. RI c11.71.:IuLvie or increase irTimv.v hi ir.i.lilliu:;;;, dePerlding ,,TI l'I'''''  MiCh  
ill OW Olt:Illy 1q 5CCittercti mil orthe volume and 171mA lo the. radar. 

III this the is v,..v linvu maintained ::171,11)111),Ild dry 511rface thiii:: ail.' Mi!MIIL:iiiiid. 15 bound 

iii OR: L:inintraints of 6pL:t1A17I.  NCatterillg. 

. 	f.)1eiectrIc Propep.iii:..i. The dielectr4: L:Orl:41.1alit is a respont..c. 01 n loidiurn to an applicil 

electrical pniperly Thu physical parwrif...icrx that affect thc iiiillt:utrie constant are. xoil 

moisture, tii..iil itlxnuiz, balk density, :;Ilifihy.6  (H8,111111: matter, and iumpalature. 'lhe d.i1:.11112.1.! iii 

Sii! dielef:trii; 0111X1}1.111, ki more influi.mc.d...c1 try iheilige in soil milixtuic uontent thin r..illirr xoi I 

characturi?flicx lixtcal above. Fht... iTicri.:Hm.: hi ;tall L11015itlit: rt..: iiilx iii IN! 111Crea1al: ill Oicit:u1/11 

t...Qrstani, Tilt: dielectric constant ix ilullowel by symbcil 47.  Thy. ilii.:11.7itric constant i,7: H "'"'I'1" 

IIIITTINTI...41,11:4:41, 	real (z) and ;FTP1/2illarY 6:1 ") Part!: Al} wIl ill uLiwaiion  below  
, 	. 

(2.3) 

The real pill imil:ix Iti the relativi: pt:rmill iv ily arid it irilltli.milcx Ills: ,,,,cive  p1'opi4:41■4111 

and the 1u:flour11 or um:18y ricattered.Thil if Flq.illin 9),' part refc.i. IQ 1114.: dide.ctric loss r:ii.711H.  Hilil 
citliincx ific ramulvtioiri propertiet: or lin: illudia. 

* Melisizir: htt'ct ' rip: prummiuu (or absence) or TIMIXIIIIV affects tho c.1c,..e.irii.:141 pi operties of 

no ol ji.:I.A. or medium, L..hntiv:.4 in the kAli:ciritml priiperties, inclkulnilv Oil: abriorption, 

trarrioli:c;ion, and reficciiim ot microwave cril...712,y. Thus, 'the 111oi6turc imIllula will iilflticricc 
how tril8,etr, and surfNi...i...x 11:111.:a energy from 1.)ithir and how they will Hipear on an im:6.42,i... 

Lienerally, reilceti ;.iy ; v 	.rii:iizlifier, with inerkuixcil inothture e.g. 111(711 
it the iNrEili ix vui y dry and (11‘... xiirliii.:u appears smootb 10 ihe. radar, the r;c1:41' LIK"U.Y 

may be abli:, In pulluh ate below thc, xmliii.x, whether t1-1,..0 81/1'1}JUI I:; dISCOntilll 1111N (1.7. U. rePit:I'lt 

canopy witli 11.:)M:4 and brawl..hi:o, iii. LI  bomoigericoti xiirliii.:1.: (i.gi.. soil, :".;.inil, 411. iu).1.'1rr a 

vivcri nIrrns:u, lonAer wavelcrullx ,1VU able to benclmli: ruillic:r than sliciricr waii..t'dinplitbs. I he 
ilLpili or imilutfation of microvoivi radiation it 54  rEirlit:Illia WaVelialgih ix priiiinitional to the 

51.111i10 Neig I Illoisturc ;16 7:11ilvivil in Fig. 2:3. 

iti 



•tml ryptr. 1.0,104 

a Kt 

it' 56 el. 1 	0.4 
Volurmarli: htllk ihnterik m, I; com 

0 GI Fr 

2.3. l'enctmlion  depth as a funcl 	td.  moisture contoll 1111  x(111 12'1I. 

.4 	Aliplicationri ttf MRS 

'Mere are ntimi:rolix Hiplications cif MRS. 	 17lic11v sunamcil lip 

▪ Vegetaiion TruippinA tiid 	 7311+.1 estimation i7f. 	Arowth 

. torctr.i 	 Axxe:c.illient [ 'Jill 1331 

▪ Out:Nri Nui'VeillE1110e Sind III.J,hie leSptiMIN ill J., I. 

A HYSIII:Flo4y: estirmiiimi id' 6rou11d nThimillitz, maps of rivo-x, up.pannes 	WMICI. }MCI Hooded' 

execel 13 1 I. 

▪ ice r,urveillancc7 displacement ITIEmmil uiiCflt Of liVer  11:61v i 	it in channol 	I I once, iceberg 

detection r3,11, r351. 
▪ cartography, 1 li.hun arid Land oxi.: npplicationt;: pnidni.:14in of n-iap mill lino! diniensionA 

diui(A ti.Trmin 	measuroncrit of ancisildn: 	1  1.1111 1321. 

17 



1 Gee)Iny, ;demi iii:ntion of geo1ogii6.4.1) :tlfivi,iii12:1i using low- frimPIEHL:Y 

plant ctivi r_;21. 

• mete„,,,logicmi uppiication5 [331, P4j. 

▪ Dkani:I.  inarinki,ement: Droughl mud llood damage '..1"LI8ITIL:111 `31  i' 
• SOli moistmuil:;:le55111C11( 1351-1.17.1. 

vvave5 to p..i ihrimuil 
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KiIIIFICK I..., 0117111011.ATtilt 

1

711AVIi.li 1 
14IVINK 

4 pr  ANTENNA 

t:HAF'.!...tal 1  

railhotiougy and Mita Pl'OeeSSIng 

3.1 	ExperirnEntn1 %Hi up for MicrowNvc Measuremtniri fur (:avity 110 Mil inn 

lb.: Ai:hem:A lit: (11[11;T:4111 Ur setup for ilitl Env ity/metal p4114.: tktection is :4x xlic/W111 in the Vij. 

J.1. An  irti4eno11x iliono5tatic radmr..1..item at 9,6,7-hmnil with 1U OTT." rind C:-1)and 	will' 6 

iiirtx u inic:rolrvavc sonroz Ci1-14 or rrcilue,nt...yol'irperation hu.: halA asserribItli1 Tim: xr;tem eon 

(I.Lhoi.11... IL Schwritz. :•itikrtal syntbYxizeltifylig.27: 10 Tv1H7 to 2'7 GIL.), imvver meter (Riltniu & 

Schwarz. NI Vrt S), iiii.c..ufator  mntilioril antenmi, Ti ix w4ed. to supply 1i1 tliirn of CV/ 110vveze at 

It) Cal?. and 6 (iHz frequcmy timing the cx.p...r.imataal work. Pic hill II antenna ip..1.. TTIIIIII11.lti1 on 

.N movablt plrafor111 at a Ili;i19111.,f1.0t,  in and 0.40 III above. lilt. x:.1111.1 qurface for 11ic X-hand 

mill C.-b:inil ru:tifieetWely .till!:'!: it can slid!.'. 1111111 III Ac and y dirra:LiOri. '1.'lle pawo meter is 

'irate' h) tivicut the baCbilmili.:Iud power Iron., thu Nand pit anti ix ixolated from thy IDIII:;0115sion 

circun.hy n:;ing a cirr.hinhif. The circiMibilih. haS an iso1;41i1111 A' 21.1 dl..k. 'filil Xy:•I1L:111 i:'; 11101111(01 

Oil a mcivable plat form oriel has tht....11...x ihillty 111 x :mid y 4.1'11c:cm:Al fiLIT 111011'1M. 
A. 6..i.irio pit td. dimeri mica, 1.5 m  :... 1. Ti' o r ticinil  40 cm h:•i 1)4.:1.:11 uftlfIChilly ilruLliel in 

lih.: hilaRe n Whicli thc imviLy ls burin' invul'ted alorj with other otlit.,..ox. F01 obtaininl.:. 

movo.1 Ili: radar sy1(1.1rri hi Iitmll x and y iliruation at rei,;tibir ilitc.rvat of 5 11111 kt r01111 a Mild% 

of 24 w 7.4 In a grid 111 1.2 in x 1.2 rn "rhilx in all 'WW1 01. 576 readin11)-: wow taken Nr '"u'll 
ili.7';.1t1011. 

[L 

  

w 

  

     

RAND vIT 

  

     

     

r i 12,. 1.1 EXperimt 1111)11 x!1[117 SC ht1T01 I it:. 
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Ill Alitennll chnntricrizutiOn Both tip:. X.band :anal (7-hand antenna V6M117 L:1 laracterizcd in 

1111: anecnoic. kIlvirh1i.:1. In ensoru nkii:'4e.  isolation Thu elevation mid w.,..hhiali anglcis MTV 

(:)111.1tilated 011C1.', ilm: radiation imitizill was ploitEd )1:4 tabulated in TA)It: 3.1. 'llic. pliffiLd 

Iiiilia(ion patterm have been :411trklifl a5 Fig. 3.7., 0.), (b) and fig, 1 1. (0, (b). Smallcr hvinn 

with provide: the finer spmild foolution, i.4.1, xpilial resolution incit:LLAC'A with thi: 1,117viumqu 

hi hi.s.tm ,,Nidifi. sufficknily TIM I'mv beamwidill have been obi:lim...(1 lin the two horn mnIunna. 

T11(... gain rncmarernenttc wort: corded Otit wine, the referenci:. mniunnalivilich 4Y51':' '"""1111ed 
Will the mipit'ridullilte. funi111111 

[417.3fi i 
Gain (:tIH) — 10 log 16 . 

H.. Y. HI, OM 

T:fing thc ;1111)vr.! Fuliemila with rho I.:alculoted valni..,4 id' ulevatton and )1./1171111h anAle wc 2.0 Ow 

u.miTi kir  -x-  mid C7-11and as 21 OR )nal 22.1 dLi, kricilhul illVOrtanl rimmutiului which 111.vilx Iti hi: 

unknibilcil ix the Svath. Smith Id' the zinic.rrnm ix 4.10111ed ais tho Olio iLal area (h,..0 OH: mouhria 

bc.aill mill  illuminate ein  lilt: plane in ;Any ilirmution. The r....1.vx111, A cm the sur5Icili)l' the rand 

with thc antenna at hciuhl II ■A given bY 

 

a — 7 x m Y. h 0.2) 

whcri... 
o i A 	h y. hull ' 
2 

 

b — h :.: Imi 0.4) 

Thus by ceblacing (in: values of a :ind IT ri.om 0,j) m1111 (1.4) into ('_'; .2) WC vul the swath :.P4 

0 
A—nwh" :-: inii( " ) ,k.  tan( IL' ) 

'7 	'7i J. 
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41 

•!, - 

(I - 

.n 

.1.1: -

In 

415 - 

4, rciLliF poi.a.v  PLOT FOR X MOND  HUHN ANTril" 

I) • 

Table 3. i 	A Flii3111/1 1.:1131111,1ZLIZIINGL:; l'or the experimenNii„In. 

cEr 

No 

1. 

• • 	' Frequilricy 

RH.I'ILI 

Llevation 	A nolc 

(rh.:uluz) 

Azimiall 

Angle 

(pcuyi.10) 

Height 	of 

A ril cm rpil 	miloviz 

Sum' Sufi act 

Anturina 

Gain 

(dli) 

19.39 

A ril calm 

Swath 

.., 	. 
879 cm' X band 16.8 1Y.ti i .01,  in 

0.40 III 2. C-brinil 15.2 I e; '7 21.3 l 1.33 ern" 

 

„p91.¢1,1 PLOT DP C 114R@ WAN ANT 

 

0 

:1 

 

-U• 

ri 

.12- 

.10 - 

.1: - 

11 

II 

   

Fig. '3.2. (a) 1 1 rili.inr. rifilmr. 1714 ri. tri.C-band 

I Torn u/11.011111. 

fig, 3:1 (19 F plum: volut 0101 of C band 

Horn antenna. 

riA. 3.3. (a) ii plmrit: pi Ow i ;It ri. 4,1' X band 

Hoz ii iintenna. 

riu. 1.1 (}I) F blur e pellar blot of .X hand 

florn antenna. 
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3.1.2 Cavity formation and its characterization Two dillbrent caviiitz:4 or tlinualxinn 12 

cm '',' 2'7. cm 'd ',.0 C171 Mill iiiimrcni thickness were prepared from soil as shown in Fig. 3.1. 
(11), (d).'I'd:44: 'well: pILLod indiv itlimlly in i.lic ximd :mull Lind, cuviLy ix vixii)11... rrtlln Ow kir  rind 

the scattered power ix measured as seen in lig. 'i.i. (c). For each cavity the ..ccilitei.ed fil:/%01 
11...vi.,:ix MIR: ro.:prilt:11 intlivitimilly. Tht,.. Ibiri CMVily MIX hilric.i.i itiveried ((ht open end of the 
eavii.v ix Inoltir* down) :'.ityLh Lla. Lk iNiviLy iii0:6:; an:- ;?,i'Citaiiii Inzlow Iliu murillia: lir Iht: sHritl 

and the backseadercd powi...r WM measured. This was followed by placing the thin cavity 
ilivuotal ill mind along ‘viLli rollinvinkr, IL inuLLLI phau in all iLL:Diiiim )11, dirk:m[11 ilL:pihx. 

      

   

      

      

.1''ig. '3.1. (a) Cavity with thick wads. 

   

      

	

I:44. 3.4. (I)) (.:ilVity with thin walk. 	I-14. 3.4. ' .;} CILvily kaki! in 14x1 hoLl. 

1)111'111U. IIIL: 1/11717411111.1011 iii 1,111.:xL: Envilivx it WIN on:inn:LI lind Ilicy '1A/Cril tlriml in au! xnn OD 

complete dryness was achieved (and not baked at high temperature) to maintain the (40i1 

propo-lic:x. 

3,1,3 DeterminiitIOP Of crimples permittivity of the 4.-nvity ti was then imperative to find 
1.11u cimplux purmillivily l'i'nt! lass lanectil, tir ullvily whicii wax tairriuti tiul, iixini idc 

transmission line technique. ibis technique is used to measure the characteristics ot the low 

inxx rroIR 	Tht: dicItalriL: Enriximil ix ii Lunnplcx Innnbcr cnnxix.iinu. null (Kr) mnil inigin:ry 

(c") parts shown in equation below. 
. 	. 	.. 

.5' 	.5' — Ji.' (3A) 



The real part is associated with the ability of the dielectric: rm.; 	1  xiort1 noly 

‘',411111fi the complex part with the losses that occur in a material, Tho loxx or micro,  r1x homi ix 

measured as the loss tangent. Loss tangent is the ration of power dissipod ter !Iv,: pcjwur 

stored per cycle. 

	

tun 6 	„ 	 (3,7) 
The shift in minima position with Nric.1 ;11 	11. 	I; M}117111111.'. 	Tuunxuro 

of the dielectric constant. The shift in the ki0:or1I,..1.... 1:11,11wklun 	3 dB pohn fin uinwr 'dill... or 

the minima with and without the sample is ulseci to measure the loss Wc: 

calculate the imaginary part of the 	cepstml from (3.7), To 1,..21rry 	mt..1 iv Hy 

V.Iiino pellets of the cavity soil 	 Ow 	mubil phik: with xlui. 

Great care was taken to fit these pellets I pip whh 	micg wr111x rim1 it wrix 

unxun..0 111:611 !NI h:tiirrni.. or 	111.:1111).1 wrrx XITHII lib. 

The p,mciiion of yolinc minimum rim/ Ni»luinu bul.wcun hnir powur puha with rand 

willurul Ihu xpucimun En! muuxurcil mine thu xlialud lieu xuution. Thu rulluwiue uquiltion:9 

NU le 1174C11 Iii 1111.:21141111: 

— 

	

girt 
	I 	) 	

(3.8) 

where 	In the tree space wavelength, lc  is the cutoff wavelength and t is the thickness of the 
sample. 

The value of x in 0.8) is found by solving the equation 

2.141. d) " tan " 
x 2nt 

where Xi is the guide wavelength cl iK  ale 	in (}ii position of the minima. 
Sint,x1 	xiihninn sir 	T.HR or rho (.3.Q) ix n111111 vailucti 	 kruiw 

}Ipproxim:61(r 	x IIti firid IL/4 Xu1:1, 	Thux 	 x 	f....mn find 
orx- 	vililic aim] uuu hu lirI111I1 11.um 	(3.10) hulow 

tan — 
. 

d l. 	d 	
• ..I 

 

( iS 



Pillm-himiiiiri 

Both HH and \iv in 

7C-1-mind 

1111 in C band 

lioth HH and V V in X 
1-mind 

1111 M C band 

30 

Of 

I cm, 5 cm , 8 cm :41 X-
Him id 

2 im, 5 (7.m ., 10 {:171 1.11 r.- 
I and 
lcm, ti cm , 8 cm at X-

Hui id 

7), t...rn., c tin, 	10 Lim HI, C 9.- 
Band 

where di ;Ind it, are the 'distances bc(wci:n (hi: 3 dB poinil wiliiimil kIrlil With 1.11I:' f•ive6illeil. The 

valucN were found hi flu: bib mid uxiiie  this tuchnique ilia complex dielectric constant at 10 

(ikiz frequency 1.koi Finnic' to he 3.6209 + )0.221.19 which is quite closc (o dry sand r381 Timm 

an cfro,:iivc ail cavity was created using soil with almost irriihir click:chic ut111}114/111. WI }111111.1. 

3.1.4 Data Collection Fur it 	iLl ri. givuli dcpth, flat the square meal plate 1711.1111cri 

thi5triNnotilair rritthil plate. WAR burled alongside the inverted cavity. Al.liNti;i1c '11:4111 MIX 1:4kI.:11 

IN1 I il I.: 1111 i Iiii up the sand and leveling it cash limc, The surric.:1.: mix kul it mintrodi and diy. The 

back scattered power w:,42,  mcimircd by imkiriu filuili pOlfiried in HH and VV at normal 

incidcncc for i111 ilii: biTui.N. Thil:'.1 A total or 4 sets or readings for individual caviticls ;.!ric.1  I, 

xizi.x u1 rundinEx RH thin cavity with different targets at diffmn1 cji,ITAK yam: ro.:iirduil hi the 

.Land and 0 sets of roading in C-Nind Wg1 r1.1 I'L 1}1..CII /IN UiVI.:11 hi Table 3.2. These sets of 

rcadings ;Arc ilwri iiiilizud to dizlizizt the izu.v it), and the metal plate by using the irnay 

pinucxxilit 139.1-1,411 algorithm based Oil MATLAD [421. [43], Thr. Nick xi:ink:nal i iiiwil' 

levels obtained were in the dc.li.Tening orch-a- rur Ihi.: ruu,ithim iziiiitiliiiiii8  the metal plate, 

inverted cavity ;17ii,1 I*11111. 

'fable 3.2 DUD:xi:al objililk ilxvil hi I.:NH:6111cl a. 

Ser 

No 

'Farget Dimension 

L Cwily 
with 
Siiilmn: 
Plate 

10 	cm 	1.: 
cm 

(!;.iyily 

with 

Trimviliqr 
Metal 
Plate 

Emil 	midiz'  

30 cm 
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3.2 	Mlei'ownve Modeling 

Thi:. prirrimry nirn or tili:li di:;:;eitatIon IA Lo deEeet the eavity. Since the eaViLy i:4 Olsiik or Aoil 

having almost the similar ch:Ariclilriliv:: ;AS P:::iinil Olt% rrlicri:RWilvinl will  Iv.ivtg interwtion with 

in mir fincti c xvily mid mulail 1'rla1.0. T110::iu inivi liOili di:41:irmcd bulem. 

3.2.1 Metal Plato The total returned electric held, as shown in Fig. j.b, at the 

scattierorricic.7 [38],, [44] rilccivur, Ric  mriminu. (Inc Ii) intlitivrii cicciric liclil, F.,, i2.; dic rvttoll or 

xioillibilluous urlizo. or 

- 	Spo'ziAble ee ll:oiiri'rfI and the diftliA, 	iatl:Ci'illEi, ti'Cifil the alf-:;iiild iii1:0444::4. 

t TZLIntIcliini rrilm lin: Aluminum rullccior ru Ow ilupill I I antler Ow. xurrricc, 

o Difirrullion rind rir.:41iCrillU by xurrricil irrvu.ulruilitlx nribLI rcilEcinr. 

* Voinmc Kcrilicrirw, rrnm On: inhurruit2,cruliiicK onhE xrintl lrlycr. 

Wt tuff negleet the dltiltise and the diffraction component or the cle.e.vie field 

scattered by the aluminum refloctorr  ;:15 it is smooth with respect to the radar wavelength of 'i 
CITI. SIIIL:L: LIR: ill ILALIIUNN ill .  Wiz uluminum nzlluuku im muull kuun.lui limn lift: (191111 or iiri mkin 

layer, which is of order of micrometer, its surface can be considered a flat boundary through 

wIlich Own... ix no iiiriln...1. in.:nutuntion or thu ulizulriu ilult1 intin :01111.1. 

Consequently, Lp• consist of the backscattered power from homogeneous layer of 

1.:runtl Ifiril ix lucrilvil liciwcEn mutlium I rind muilium I will' ri Irbil xpi.culru. rut-In.-Ain hnundriry 

at z — —h and a boundary between medium 1 and medium 2 is described by a ttmetion 110, 

ktkir___L:c: Acz_l_ 11.1_}1_ _VC Al _Ipr_zon,m_ pqinc ./. — 0,' y), where h is thc. varialicm of air 	im 	1  ; 11 	1  I; 	I 1. 	; 	1 1 1  

HA. 3.5. LleCtrOMagrumii: wive interaction with metal plate. 

23 



Tlic Flcutrornagnetic 1,v51 ve prilimlyiiiiiii lira' the metal plolo )1:-Ninlic:i thixt,  the iricci rh inl; 

7 ix infinite 61 both direel infix eleoirommEnd.ii: wave with ejeciricml 111.:Iil I-:, i:4 i)lanar,. rrivilinin 

A., and y, iiiit1irnt•dil.1111 I and 3 are ;117:111.,:lilzetively inliniicl in du.: WI ezitley115 Of the z ;.ixi‘ 1111 I -'1. 

;ix IX, 111ZXpectively. The Ic!mdlmn1 citIclik: ntlel 1..17, can be i....nnxicluied as the superpo:itinn a Ilk: 
roil( mil18, electric:al 11(:107: mid ix e,ivvil by (j.1 I). 

• Tbf: naliiined electric,  field al ilii: mil.  mind interface Er  

• .1'he returned clo,:iric liuld after one reflection :11 1111.: i•iliiiniriurn reflector Eip 

• 'The rilin.licil eleetrIc field after (wit or !min.: n.:1'ItetiO115 at the xlllarnirrurll retlector and 

;Ai au: Hir mind Interface. 

1-:K "- kir+ Lci 1  Pi.3.2 1 	.. t F.,... 	 (:4.1 I ) 

By plaelnp, the valun: a 1112.1114 Ms eon)ponents in (3,11) II Illix been 5hown that OH: 

baol4twAiii.:1.31 poiver is given by (1.12) bctow 1341. 

:I Ear  . 1 ...1 IC " IT COM 0 CAP( 	fail 0, ) 	11-111  R  ' 	elc-P 11  .49' 11) I  1.1 	 .1 	2 	.1 I R, . t 14  A  itlxr(-2n11) ) 
(',; 	I '.!..) 

whAm... k ix tilt lvrive number., cr  ix Ole loo.kliness paramen:i.., 6i if4 thi Incident ant:Ir..,  h ix Iht: 
:c.. 	691/41  ,7  ix illi... pinpailatIon constant, 4.  is IIIL: 
OR -♦I - ..ii  . ftitix  

r.c.bitivc  permittivity :64nii mul l:qui  ;OA I, 2, and 3 arc tier idr, sand and metal p1:41 v,  rumpuutivelY. 

The 0.12') I:an In: !mud to calculate IIII,: 1,:11.:t:Luiu iie.ld at difforrnI ilt:p1.11X with other 

!lieu-ifs remathing ci ITU-Li:CIL 

3.21 cavity smici; hy the ease or au: vi rid in the ;and RITE11.3,! iliac:  III uilvity emplaccmcni 

the complexity nl' OR; pi ciblem inereaku:x with three tayen; for ink:rm.:1.1.ml. It has been ;.-1$:t11rrli.31 

that (hi: i,INviiy I'm Clrt f; am ei conetiintiviz parameters as t:mrill :mid i:LI Infinite in both x milLI y 

dirociinnx Thin.: the refiecticins }II Ili: (info.  cl.nd lower inicriku 4:Fr the medium 	IA,' 1,1,iuu 
I hu ;.In Locjitional compontml or luilL•Clien1 :64X R.,, { )11 lil lit}...1 ar, in case 01.  iiiiminl incidence. 

irnin the lower interfaee. ill OR: 1.,:iiv ity, which under;nvx iiiinfiinission at ii::71vily (inediunU) 

mind (medium 2) inicrii41.:u and sand (medium 7) 	air (medium I) I:; added to this 

miperposition of ib...1:5i.n:kNuattered power in (1 I I ) :4:4 mliown by the red iliHital lines along side 

the blue,  linel ,  TIK: hiper order relloilt; .0n Hnd 1,11i1lmnis5ions h:Avi.., no lx.:Lni considered, Thipi 

depth,. 14 , : li  1 	\i(  NT11.1 	r? :, 1 
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3.3.1 Preproceiric of the RiLkAcuticruil Pnwer Until It invcilvo iwo 111;iir1 proccxxoi. 

• caitbratropi 	To early out tile calibration theI{yI.kcrli.. m n:.1 1  miiiiiiiiiiiiii AIL:L:1  voi:'.1  placed 

over thy- ,n11-15.11,:u lifiel readinvi were taken for all Ow iimnion }1,11.1 r hillyliqk Lk.  ObjeCtS and 

hlvc.linu fin: milod. This data was used while prcii6..1,:minu. iiiu !tailings tier detection of the 

illiricd oi).icts. The raw matrix of ob5i6Tvcd data 61  

ollimilicil IN the nletal sheet to give the image PiNcl 

Ecilibratcd = eriv"11  'autil 

where.  i-'.,,b,,,,d is the backw.lattcro.1 pi.swt,Ir a ilic Inn ied object and l jd111011 is the backscattercd 

pi.-iwer of the metal Wail:. 

• 	

Normalizat1077 Th.:  c}iiii.miltai Liam ix range bound by carrying out normalization, nix ix 

ux_riur  _AL: __J__ciw_riy CLIULLiiIIII carried out by 	i 	li al II 	■ 

E..,..1 	P.m... 
En — . - 

E mo.x—  Li min 

whErt: F.,„,,, F,,,,„,.. , Fili;.1 and EISIAX are the {calibrated, mean, minimum mitl 111}IX i11111111 C}1.1 il Mattel 

pinvcrx TINIEL:i i VI.: I y. 

3.3.2 1)ni.n. Enhaneement The preprocessud data ir:c lilml cnillincEil hY ruilimili8 the' erect 01' 

neighboring pixel and filtering in ll-ii... irmli:1 1  diurnal'. Tilim involves the process of 

eonvolution and filtering. 

A  Convolution As thi: intInlirviictl nrci, or Chu unimiaa is larger than the pixel area 5izc, the 

normalized image ilf 11.1 cri rf.,Illuircil Ili Inz CCAIVOIUted to minimize the effect of thc ovi...rlapping 

of the scattc.ri,10 mit from Ow ruzi8,1thoilne pixels and the random noise !Tikes in aiLl im:i 

convibliion ix 1.1 ximplu niatheinaticai operation which it; fundamental in nimny EMT I II li /II 

iTTIMUL proccxxinu, ipunittir4. It provides a way of multiplying toguthur Iwo NrrHyx iirnuiiiburk, 

u.i.murmlly Or di mill.fit ging, to produce a third array of numbm or ihi: kill MC di Ir IC11:41111111 ity. 

'11 IN Oin be used In Image processing to implement operatc.InI lArliimr. nuipui idptij li'alum are 

I ind uniiblutud 144i using the data matrix 
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i N • OP-clin.ritcr Dr.T1r.CTfON 

simple combirmiiorix 1,1' cul Lain input iiixcll vmlues. One of the input arrays is normally .just a 

gray level image. Thy: :41.:Ceffiel array ix muNlly  much smaller, and is also two dimensional 

(although it may beim }1 Hi riuli.: Owl thick), and is known as the kernel. The convolution is 

performed by sliding; iliv. kErlicl 11Vi.:1' rili.: 'mast, generally starting at the top kft comcr,. so :is 

to rric,vc Ow. kcrry..:1 Ihrt.mIiill 2.111 ,}if: rimitions where the kernel fits entirely within till.... 

Iniiirlibirium III' iiii: I MN eL:. li. uxu:i Linz extension of the size of the image by zcri.1-pi.li.ling 

oulxiik iliu twiuilial iniae,L., and this will eliminate the effect of walls as well, 

DATA 
. 

 
Kia:OKLitrWl 

II 
	 i 

I il•. I hl: I H. IN 

i 

Fi8. 3.7. Flow chart for detection. 

. Pfitering Various spatial filters are available in the Imaue Proceming 11:i1l:H.1x in MATT.A13, 

The two filters used are the coliunnwise filter and median iiilt7, 

(1) 	1-. 011.1111nwise filter (eolfilter) prc.11.1...J::H...r; kliiMillci pr Oidifie, iilockx }ix En1urn11}1. il, 11)17.1 1/1.:Ell 

LiNd in ibi:7L work as it corivcri;ea much fiister than ihc i)1}11,:rx riljuhbotociil iilluni with Laisod 

}irclinicy mid il 1-0.ull ilit,-. c.Npmbilify in lilicr Ilw rt...41111x Hroinul !Tic Trimximilm, minimum mid 

oihurximtimi.h.::411 vmliwx lilic rni.uin minl itiudirm. Shim: wi.: linvu thri.:i.: di glim.:10. haul ifiL ili'inx xi; 

. 	
I 
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the et-outer is used keeping the mean value of the convoluted matrix as the reference. if we 

were ki highlight only the metal object from !he back ground the coltliter with maxim= 

value loi the reference would have been preferred. 

(ii) Another filter used is median filter. MiAlian filtering is similar to using an averaging 

filter, in that each output pixel is set to an average or the pixel values in the neighborhood of 

the corropunijinu input pixel. ITQwcvcr, with mecum, littering,  the value of an output pixel is 

di.4temiined by l'hit median of lilt: liemmorhood pixels, rather than the mean. The median is 

much less serixi i lye than the mean to extreme valuer. 

3.3.3 TkixcLiIIII 	A Ihir minimizing the noise ftoin the data using preprocessing and data 

crilininivincril, ihrvgliold ludiniqUeq can be employed to filter out the surface returns and 

iletecttili.: bin iuil objuutic 

Time:dada It is a simple but effective tool to separate objects from the background which 

has been ertectiveiy employed in processing works. However the task of setting a threshold 

requires careful selection of technique. bifferent thri.Ashold it,IcliniiiinIK r411 h'}11/L: 17i11.:11 

developed for different applications. The threshold techniques have been bi.)m)wcii 0.1)111 

image processing for this microwave prc.iblem. Ini 471 ;4 1;1,1 pri.n..L,!,707iinc, Ilni IhruAii)hl xcluuhini 

methods have been classified ink.' Iwo grinirix, Timnicly:, ulikil nitilhiiilx mill liniml niclinitlx. 

Global threshold ,i,..c.,....1 1-mi qur 11-ircOlo111x lin: unlirt: ininue %vial ni  xhiulu valuu whurum iL IC}eill 

ihri:1117,10 rrit,lihoil priiiiorix Ilic uivcri imni: ink) 1.1 iiiimhur or xiiii-iimiu,um mid dulizimilicm IL 

IllIVX11111i1 11)1' CHOI i II' 11IL: 1-11117-iIIIILLIZH. Thu I. inyul. 0 1' thU LI ii UAhtild Optl'iltillil retains the values 

7.1171}1/1.: 1.111'1A14:11d WhilC ii. 111}1.kli All the values below the threshold as zero, this image is 

it:rum:11 10 ii.Si tiML68r1i1nill pixubi (1-'CiP) gillil8e. whi le the complementailr state will correspond 

IA) the background pixulH (.1-1( ill) Where below threshold values have been retained while those 

ilinige have been set to Aim; and the image is referred to as litlir image. The histogram based 

threshold 1461 and entropy threshold 1471 in spatial domain are the techniques which can be 

effectively utilized tor the detection and localization of the buried objects. In this lAtitly only 

the global threshold technique. 

(i) 	In (bc gray levels histogram threshold (4...ehnititic as i.11,117t1.lribcd by OISILI f413].. 11111 ray 

levels bisioymm of the image pixels is considered without :illy a priori knowledgc... Tr T. ilrly 

30 



itIvi.1117: 41 :,7....., 14 are being, einixicler ell ifi an irrmge of total N pixels such that the number of 

pixel at i 11.:vc1 ig denoted by n, Own N— ?7/ + n2 +...+ ni. The gray level histogram is 

nonnalizo.1 mid LumxitIcrial ;Ix prtilimbilily di8iribatiO11 Such that 
, 

1.7,,-770/N , ells — 0 and 7 p
I 
 - 1 

r-1.  
(3.16) 

The pixel bc:11.Irluing  to the DCT ;ire mcc.i.ugatcd th. iiii iha plxelg belonging to the object 1E1 

rt3T) by H ilirexhuld level I. The pixel:4 'with IIV1I:4 {1, 2,..., tj denote the baelkground and 

01mA1 :iihovi... IIIII:Eihold {1t1:,..., 1.}dunote the objeet. Thun probability of the back eround and 

1111.: E,)bjcizi. ELre given OA 

I' 1'3  — .1
I
, pi 

i 1 
L  r 1.11  = 	): p, ..i+1 

0.17) 

TIE, Enean and the variance with 01u Imaground and the object can ha classified as 
I 

	

1 	. 	 1. 

	

1 	. 
AIL, —

. —Zip. and. /../,,` - 	 Eip. 

	

7 	 1J 7  II 

 

 1.L 1.111 
(118) 

1 ,c-ii  
var 7 	(i  

II 
7 

 ,.1 
L1  )2 p. and vart7 	

1' 1  P k, 
IF ( 1  4) 2  P. 

mill 

(.19) 

T111! 121.1{1}1}11 111L5111 or air. 1111:11y. ix LivEm Ily 
T 

I.' - 7 11 11 
,•1 

'MID more variances are considered: between class variance and within class. 

	

L 	 1 , X 

	

Wirt 	 — Ptik 04 14'4 	P{}(il'Ail) / AY —  PI{ p(1)(1zit' 	/An) 1,,,i,... Iii11,01 

(3.20) 

(121) 
. var,...„,„_,i. — PL," yar." — Po' varol 

Thc thre.6hold value I i6 1$0 iliiind IN 111 ii Cilhcr TrINxirr1i.41 Ihc bciwcrn (611;155 variance 

in' CIIIIIV}11Cflily fillflifiliViN OW. Wiihill IZILDIX V}IT'IMICL:. 

(10 	TIIC 1/1'1111X11711 L'FI' llart'ipy iA LC; Me 11110:11.aii11.y )1.1 A. 1111:1.Auf0 10 ikfig. i . ii'm L}1i iiiIbruml,inn 

e1111taiinzi.1 hi u. NOM IZIZ. TIM: 1111.1Xillitlin LiftiThati(ill IM LICIIIIZVIZLI WIWI! Ili) LL, In 101 I 1. InEwledu.i.1 ix 

available, in which case, it results in inaximuin uncertainty. This concept hag lH.:li 

extensively used in image processing, since an image can ba interpreted as an inforrronion 

Source with the probability law given by its image histogram. Using maximum entropy an an 
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optimal criterion All-  irmity IhruxhirIcl loam iirx1 pripmed by Pun 1491. It was later corrected 

and improved by V:241111r 	1.11, 	 ii1H.Xili'&ation of entropy has been used to set the 

threshold, t to divide 11  .1111.1LIZ ifll.ci 1:011 	BOP and hence detect the subsurface buried 

objects. Let us asskITTIC 111)11 	M t,srt,il 1/1:11.1ZBi and lit be an estimate of the probability of 

gray level value P 1, 1 1,1.11 rind 

(3,2:2) 

where ni is ale total 	 I. 

TI ix !bon assurricii 	%NA) 	of 	the conditional entropy is dellince.1 

T., 
H(F)- 	11' kik 

1:417.1 	0.17) 

(3.23) 
L „ 

N.H.) 	NH) 

The iniiruirintitril between the two classes is defined as the sum of their respective 47,0-c.ipicx 

H(F)rirrcl H(I-1) 

I( F, B) 11(0 1 11M—  coi(t) 

'I'he above equation can be rewritten as 
Ti, TT TT 

IP( 1) -10271.10) IKH.).1 I 	 L  
P(F) 	iXR) 

(1.74) 

where 
	

IIt  - -Lpf logy pi 	!nil H 1.  — 	 p, 	p. 

The threshold t is so choecTi 111141 	til(1) ix 	 Thug Wine, the 

intormcition theory concept the threshold t is set al a lt.Avel ,N1 cnimpy 1)1'111E iniNi2.1.:11m 

maximized. 

Though both the Otsu and Entropy icainiques 	 IfinN111)1g 1  'UV° 118i"12. 

which they are classifying the pixeN 1  Fr.ip 111/1 TIC+P 1111.: nmin 	 butwozn 

iccimigtics is that Otsu tcchniqui:. tixv.x 	hixlcumun lar IiiriY1 within ellikk Mild between clans 

1.g4riancc irti rmiximisc 	N1117 II) 	 1.11u Fialupy 11111110d 	 1.11• 

effircipy t,r chi: 	KLII 	thicomiti. Alitabut dinizience Is that Otsu technique is 1151118 

hixhierNrn 	crilropy Icc 	umne, the w.- ll'inibrination concept. 
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• (eteriirm Two threshold tP:(ting teelwique,71 imve been utilized to set the threshold level, 

All am:. rixek of the filtered iInagc. Nrt: ilicri ciimpluial ID the threshold level. The pixels Nbilvi.: 

011.1 OHM:4MM are classified as FOP widil.: diome below the threshold are classified :4KFRIP 11+r 

which two 5eparate images tri,! 11.1rmull and A114.1W11 in the results. The tlI1FAIricrvixt:11 dciculitni 

IA carried out by using a coll.-. 	; 	; mA 1 1  All '..li 	tl vvr.111.31 .11 —..'.......... ...nce ...le  cavity and mcial rthiti.: )111Z Ileith 

buried at the same depth OH: rrit:INI phitu will give better return duo 41.) Which Ili: 1:11INIci of 

pixels with highest return vEllou ikpiet the metal plate. Thus eavily iriLl mo."I 111 11.1.1= are 
detected and identified tu,:pral;z1y. Ter iisikng the correcAnm Minii;41 immimrixiiii ix inifiecl 

out with the actual position or the Inified object in the image. To cht,!Ot iiii.: elikieney of the 

methodology detection Hccoulley And iiike alarm rate have been ralettliacd. 

(i) Detection Act,..iirm:y (DA). It k the ratio of the coacc.Illy Ocicrimi pixi.:1:4 Idle' detection 

to the total number il,r pi xek or the object. 

p  A  — Number or t,u,)rri.u.: I ly du I. c u IAA p.i.  :ii.0 I A inn (3.2) w  
Tutu' itumber of pixels of the objects 

(ii) Falge Alarm Rate (FAR). 	It il nil: nil iii or 1,h, incorrectly detected pixels after lhe 

thresh1.-Ad. process to the numbo- or pi xciK ohm. owl the Object in the data. 

'Total incorrectly Detected Pixels 
(3.20 FAH.—  	Y.100 

Total Pixkliki — Ntirrilumtil'ithjOA.pixel 
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CHAFITH 4 

Results and Discussion 

Tile proccxxine,1.-it the raw data obtained in the experimental work is in form of baaw:41111rci1 

1}1.1VVII 11.10.!iViZel in a matrix of 2•i Y. 21. This data is processed in a 6cqui,:ndal manner as 

howil hi ow mow chart in fig. 3.'1 of section 3.3 in the previous ehapter. The raw iffinuil. ix 

Nutijuizicii in i ill oz :itakl,en of processing in which the raw image is preprocessed by 4...alibrating 

and nompilizkaion to bring the data into a range. This ,is followed by i ,TriNgi.1 tlf111}ITICICTIILITli 

procenk whin the normalized image matrix is COIIVOitilk.i :rid Pi:n:1d 1,11  Ilrilimicc Ills: Irirucl 

illifOrMiltiiiii. Iii the last stage of processing the threshold is Kt ir1t.1 a lc; i  .111}1Cri.: riXL:11.1 },11U 

compared with the threshold leVel to carryout deteetion or the 'buried o'bjeelg 

4.1 	Hi ulis and Discussion for the Experimental Work at X-hand 

'Fable .1.1 Details of analysis and subseelicui al X-1-mml. 

Her 
No 

Polarization burled Object 
_ 

Depth 

- 

Surtlic.e 

PrNiimily 

10 (Hi. 

10 CiH7. 

Siam:Ohm 

4.1.1 

4.1.2 
4.1.3 

4.1.4 

4.1.3 

4.1.6 

4.1.7 

4.1.14 

1. IIII &mil Pil 

',. NFl Cmvily lookiiiu upwilli.lk 

.4. IIII Clay invcricc,1 Siirliv.N.: 

1 urn 

1 ern 

10 Cifte. 

10 CiElz 

10 (iHZ 
........... 

1. IIII Cavity %vial xLiiimrc plNiu 
.—...-..... 

5, VV CNvily with :41.11.utru plutU 

(.1;. IIII Cavity with triangular plate 
....„, 

1 	I...111 

1 	eiii 

5 ern 

5 efri 

10 ORA 

10 OW'. 

10 (i1-17. 

10 Olt! 
..... 

7. VV Cavity will! Irimnplmr Oulu 

8, 1111 rwvily will} mitimrt.. rink: 

9.  .VV (9.)ivily with miiiiiiriz riiii, 1.1.9 
4.1.10 

4.1.11 

1.1.12 

10.  TIII Cavity with triangular ri;.111.1 1 cm 
..„.„,...„ 

10 ORA 

10 (Mt, 

10 UHF. 

10 Ci1-17 

11 VV Cavity win! 16)1111;111m. philL: 5 	L:111 
......., 

17..  HH (wily will' milmrL: !!lilt: It um 

H cm 17. 
. 	- 

VV C.Hvily will! 	141.11,1f1L' plAi.e 4.1.12. 
 4.1.14 14, HIT Cavity will' Irimiuillmr. p1:411.: R cin 10 (Hi, 

13. 
. 

V\i Cavity with triangular plate 8 cm 10 GIIz 4,1,1 5 
,., 
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7.6 

II 

.IU 

.111' 

.11 
luL 

Dlitinci In X ['friction 

The details cat observations carried out In X-hand and the subseetiom undue which thf.7 

unmlyxix ix currictl inn in civun in T:11:11i: .1.1. The prclimirary o,%perimentation in the X band 

WAS carried out on fiand pit without. July bun 'led hutch ThiN WIE.1 lid linkci1 by nlm...rvinu 11.1t .. 

1-mclow.mililrcil powt...r$ kir itivc cavity face open as seen in Fig. 3.1 (C) and then Inverted cavity. 

Thizii iliudqq.11 or Ow uswity innl inubil plittu (minm.I.7 mrli,1 irimmul,Ilm metal platc) were changed 

and readings taken in both the I III and VV polarl.?.aiion:i ili euull (Jur ill six eivuli in flit: .1.)1111t... 

41. 

.1,1,1 $41n11  rit 1144411 Thkg ini1ial investigations were carried out by nrudyiely, 1.111 

linmkNuaturcil jitIVVI.:E.1 1111./11 Illi: Hand pil in 1111 mililf... 2.1K u.ivgln in Scr N 	1 in Table 1.1. 'the 

Image plot of raw data or the backscatterecl power 1:; ;:ihowil ill Fie. 4.1. 

Ruw Imo, 

lig. .1.1. (ii) ktaw data image. 

4.1.2 Cavity !''awing Upwards The preliminary study on the cavity was carried out by 

phminu Om Lxvily much Rua IIR: i)pcn und or I.Nivily ix al 1111.: xmnti xnrrxrrti:.c. wish  c.;..ivity v isible  

(open cavity) when viewed ti.om the top a mentioned in tier No 2 Or Lhi: Tahiti 4.1. Illu IlliN 

innity limx Num rilniicil :ix xhown in riu  .1 2 0.1'.) Thum 'lit:. irn;igi:. it: i.'.olibrat.cd and normalized 
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Ilk` 111111.1,V III VIIIIIL"o 	tlroppe(1 to 1) 1, ik conipinvil to Ow It- 7 in vonvolutill 
Crollittm I finned Inflow. al 	1 Mean 

III 
lllNrns. hl It I flo po.tlooi o 

Fig. 4.42. (a) ('odium lillered 

1,1 



AI 

rritiopp5 

,r4NION12" 

OPI 

NMI 

-1111111 " 
in I 

MEI 	 111 
IN I. 

1iM Iii •i 

iNdoi thiNshftliloNlmageN  IN*1 

m
ina in 	 '171: 

MMININNINIM Mal ni 	MI 

-Si',  

A 	 III 	 III 	 al 

Glinsaios Ni II tNssolleti 

lip,. 	1. (g) ()NI thresholt1 ( I ( II') 

111111 IlooNloololodloomu•IlliO'i 

NEM 

I 

S 
Nln 

willows In II 1.10 solhou 
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The threshold is !■et 1)iis4.'(I on ( Witt and 	 hid' lilt' 4(1 ill Mill 

tempectivelv A lotid 4)1. 4 I') lind 1IK pixelm welt -  ili•it•i tl ii in ( 	nod I igropN IhrLrlhulLl 

die 1)A or () 	;HAI iind 	will' FAR (II' 	 1.7 ;0 11 II (1111 I1 

hoth the cases that 1134• metal plate pixels have !wen deleciod 141111 	 111)1,11 

111111l uL \ I IllWeVO I Ile FAR 1111CN 	%/els,  high. 
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At 	r101)111 in !Await.. mold plige ilrrnlinnK , ciivilv %vils delveled in III 1 nioLle 

1111' rltulll 1111' lit. dearly rliNiingoishet1 %%Aide in VV niode 	onlv () pixels 	Ihe 

cavity woe tletet led %%idle (piing ()1s11 threshold. No cavil ■ 	\ 	could hi Iii III (0(1 using 

IInIrltlty IhreNh(►ld. In case 111 III' lierigions or the triangolitr oit.1111 plide die 1)A nod I A11 
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are high in I II I mode while In the VV mode the DA and l'A It have reduced liw Otsu 

threshold. Mend plata dutuction hos been carried out with reasonable accuracy, 

he received power levels and statistics involved with the threshold Images lin 
Ow iterations carried out at 5 cm depth have been tabulated In Table 4. 1 
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.1.2.6 1111'4411'11 ( 'uvily with T111111110111111 Metal Thule !lulled al III cm Ilelrlh I 	i'llVily 

1111(1 11101111 1111110 (111 1111`■ 	161111f1,111/11* 111111t9 %VOL' 11111 it'll III tht 	lIC11111 	I() t III illid 

Illt' 1111SITVIIIIIHI4 111V l'111 1 it'll 11111 W111) I II I pl11111.1/11111111. 

iniap,t• i4 pit.plot.t.s.it.t1 	 wills 	(witil plait. midair. alai 

II1111111111/Illllltl lilt which the I I) plot is pivt.ii iii rir, 4 K') 'kw 	 it..)Alowt 

van Itt. writ i11 Ilas 1)110 In (illy 'lumpy Illy 	inicasily variation is soli hill ii in 

alillittill ito ink.1 Ilw 11/41atl of target. 
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4.3 Ci'impurisors id fin: Results nt X;41111 r-Builils 

. 111c. cavity  mid metal objects arc hiller detected at 19-h)1[1:1 )11 depths greater than 3 curl 

vinavi:; the X-band. '1 Ile peaks for tho 1i ii. 	powilr Fol. tlic buried °block. ).11..: rnotu 

pronounced hi the C band. This i.1:4T1 hU observed by tultripmiue. the norrnalizedi irrinu,i.:m 11:i 

ShMln ill th i.:  pftV101.15 5ubsectionr.c The detection o1 ilmvily beyond 8 cm usini2 X-Innid 

frequency ix uncertain. It can be xeen lit '!'able .1.4 arm' ilicic is a reduction in 'he DA and 

rise in the FAR when analyzinE.1111.: data at 8 cm. 

. Aithollvh the Rafael: h)lx heell leveled and kcpt dry, its effect 111111.14%1 pronOulleed At 

higher frequency a3 diwil:4:41.:ii in Chapter 2. Ti i 	1 1 ■' ..i.x u...-i:l can he vi0wed h.oin the raw 

ix rniir 	i'05p011:;1vc in inNlix obtallled A! lliv. C. iffil X-band. jr:Sc ihi.: ItViVul wavelength 

x1,1.1')14,:i.: level Nye 0:.01 xeell a more spre::ill in pixchi in N. hand roliv innqr,:; '4.15AV1i.: 11111 {7- 

band images. T}aix nn'ead can h& Aibibiltud to the surr;.1cil level xvhiCh ie.. firClucricY 

sensitive. 

4.4 Discibuion iii itinuits 

ni.tto- rumullA were obutincal with the C bwill rumlin8,:li as the lOwcr 114.:Lit1nCy NVAVC.ki 

xvilit...vil henc, re :;111.t. Atit.011.1r important factor involved 15 that On  milenila In this cmil 

wmx rrinch cloAer to thi: ,tir-rmi:I.: thah the X-band. The cavity 1.v54x howl visible in ihi: C-

limn(1 mx limm been dilic.tinwil 11luviOU51y. M.,: cnvity has been defected with reamumhle 

muminlicy Lill 5 cm dc.pih in ,c-hand. Iiow0vel. ml. 8 OM dcp(11 1111.: 1,:ivity WA:: Tull (11.:11.:Lltd 

Willi complete acctir:.4c.y :0.1 will),  half (h.,  n"mliu"f total Pi  ''''1:' were cleitiIn-il In C-bArld 

the detcetion Nycri: ri.:mmiti Liable nectrrilc I '11 1 10 cm dcPlh 

A  As the thre0101d value redtilmx 'he :lumber or pimel:i detected on mvs.:14is increN,:rx 

ih0n....by incri....)ixiq the false :6411)11.111. I, J:civally tl-10 Oki, threshold v)111,c iN much lowiT iluni 

ilie v)iluo,: 11)1. Ow cavity diet: 10 which addiiimcd pixels arc Kern )11 Itme:f depths, howuver 

as the ilepill increascs th.: rullections from Ilia cavity redoei.: mid hence fmll laclerMi the 

threfiliolil. F:ritrOpy thrcOlillii uli the o(hr.r hu"d ellkrce.: 
 :4  l i jel iLl threShOld !CVO' due to 

which the metal Wail.. pi xel:i are detected but the cavity pi xuls }{et supprexxed mid are not 

detected, especially )1x ille depth incri,...micx. 

At 8 ern 11:.:01, in X band it 11)1:4 been observed that for thi.-. OINII thre51101e.1,. lilt! 

detection accurmey mid false zilmrrri rot 1-11-I in both type: ;1 ot'inetal pinit: is bluer thmri ilk: 

Ri 



VV orjeraialon. Sirriilmriy k 1-:nticipy t11ri:4:thold hil:o the deli:Jr:Om nizeLi1h0 lor I n I ix 

11)wcr ihnil the Vior t Iriviii aicin Irk both tiv: iNMV:•l• 

. Sinci:, the metal hmq Inact.  retieetiviiy }ix ri:lino:a were highrxi )nlil iltrice the mci?11 libliAL.  

mix i...a;:til y detccicil pluetically at all li:villm. 

T Thi: detection Nrc,:lini.lien are highcr in VV orientatiomi limn ale- Fill orichiMicm LE-I his 

hum obxerved. III:mi .viii il'i f;orne CIW6 Ow FAR have ;.,111:N.1110.:11 Waller. 
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CrIAPTEK 5  
Conclusion orn1 F1111.1.1/1: Scope for Work 

'I'114 %kiwi,: ii...;.irlio.'1 out in this (11.6A:r1)11.it'til was airhi...d iil duwot the shallow Inflict! 

one end wmx ilHilicd e4'll i r.lin  face (,...ivity. Fur thi5 purposo... M 1 M.M ::illaPerl C+AVilY oPc" horn 0 

usiq, :4,..)ii with alinom similar congliiiitive pa.ramotor :4:-: sand. '1'111s covily mix hurled 

invorted in mind at difforoni i1i.:011:; and using I'll.: Nuatterometcr mpprou.111 the 

backscattcrud power at di nrc111 tICTIIIS Wal% chxill'vvil. TO add to the c:innikxity rnetol 

plate of di frorent shaper:: INCV. nIxo buried at the milli.: tlizoth as the cmvily ill lk: ViCini().' or 

(hi: 1::ivily. The baobkmilutuil powers 1.vi...n., Ini.:)1:quied at two kliiivri.7111 Irequencios in X 

powill. data  was  c;:ilihnlicil iind riormafte,cd and mrit1 C7-Inuld. Tili.6 raw imijoecittered 
8jiiii piu  aippritlim  mix di.:vuloped using it...,kliniiiiics used in inlmgc piOCessing. Thil ximlial 

tlinfaiii filtering W24:-1 1.:3,11 'led out to rnin i rn i z  noise ;Anil Iwo 1111:41110id tCchilitilicx vv1::fe 

used to set a tbrilxiitilil level for tho do...ohm of cavity and 1111.: ihotal object hiii'k:tl Imilddes 

it. It 15 observi,1 1 ilia the cavity and Twin! plate can bi.: Llitoctecl togclbcr xnucessfully 

with MKS by uxinE, ::itutable inia12,c mnalysIs approach. Multitrequorioy olmilrvation is a 

good choir c \Own: Wo can gel cillnplime.ritary infornniliiiii in the c.ayily i.i.:. lIke deteclinil 

of cavity Will h.: wore aCclormic in C-balld Whilc Ilii.: idea of thc mivity will tic TIM M: 

Otli ITI like polarization mid accurate in ilw H-hiind. l'olarirnctri analYtit; h,,  huu'll carried 

it has boi,In 11)1111d that p01:InizsiliOli Can plmy mi important  resit: "Hee the s!i-nitiv i:. fiOt 

xrritnlih, 

5.1 Future Neopio l'Ili work in Ihix diNfiertati011 mix carried out will' xiiii.cle cavity A:, 

the detection i!-: iiii:41ble the,: :41.:ol iC: of tho cxcrc.:1:4,2 ran NI jiluillf.ied to i,1111:1.:1Ula 

dime1151on5 ;Arid :d ives of OH.: L:Hvity. this work CILI'l be extcrukal ror dIffer'''"I '"' race 
rotighrwss rrIL'I xrdi moisitirkl cillidition 1,..vhicli cm' lye- similar io  ill u oxact field conditions. 
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