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Alvlraer

A cavity 1z a bady of mulial which has o lower dengity than thal of the surrounding material, A
eavily may be alr filled (e, o void), it may be lled with warer, alluvium, collapse material or a
mixture ot all of tha shove, The existenee of this cavity alters the physical sisie of the sbo, aind
rexulls inoa contiast berween the cavity snd (he: host siratum, Nutwaolly oecurring subsurface cavitics
posed a dilemma for civil enpineers. Submurfie covitles wers 3 problem at dams sml reserviies,
reaulling in severe leahuge, water lozs, and potantial structueal collupse. Mlerowave imaging of
buriad objects 15 widaly nkixl in rsnxing applicutions tor geophyzical axploration, mi.'-illi‘.'x?ll imaping,
civil enpincering and non-destructive testing, in collapsed building or avalanche victine, Since very
limited work has been caerieed ond 1y deleel the cuvily diing Microwave technique [or remole
sening . an clTorl hay beeo oude we creale and detect the zubsurface air Olled aavily in presence of
other objects like meatal. L'or this pumoss 2 monosdalic sealleromeler 13 azaembled, which con work
Al W oy C-bamd with like polarisation {ie. HH and V). The back seattens] sipnal power s
ll‘jen.ﬂu;\:d and processed by suitably modilying the lechnigues used o imoge processing. ‘Lhe
teehnijgques are s Lo sl a0 theeshold by which the returned signals are classilicd inlo deleeled
object. Encouraging results have been obtained which vnforce that in neure futuee with more detaled

wark, this technique may b a potential wol for subsurfoce covity detection.
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CHAILER i

Ipiroduction wnd Muolivalion

Il I'roblem Lstussion

The madarmeal proeess in subsyrface deteetlon 15 o visoalize the composition of 1he
aulpuriiee which i3 not visible with the naked ave, Ti involves the datection of the uloets
using un rx,]':m'f:'ln'lnte sensor, Amed then wr diseriminale helween objects of interest und objects
not of mtarcxt. Lhe shallow subsurtacs has aggomad mportance in enpincering activities,
cnvirommentsl 1asuss andd :-m.:lmun.‘:ln.':gh:nl investipntions, 1t invalves kecalion of manmada
ruspurge: sueh as ulility pipes such ag plastic and metallic pag pipes and woter pipes,
loention ol volds and (unncls possible cxplomtion of energy sources =uch og o, gog, anil
eenl, demining, horiad  waste clean op, cxeavation  plamning, and  archasolopical
ivestigations,  The information regacding the subsurface i@ prolibly obtained witho
disrupting it and thix leehnlque is called nonadeatiuetive technigque.

A cavily = a undy of material which s o lower Junxily than that of ihe rurroding
material, A cAvily iy v air (11l (i n vold), it may bue filled wath water, alluviwn, or 4
mixlyra of «11 of the above, The cxistunce of this cavity aliera the physical <tate of the stra,
amd resnlix oo contrast helween the cavity amd the Loat stridym Subeoarluce caviies are o
prablun ul dams, reservoirs und canals, resulling, in sevars Jeakape, water 1ass, gmd polentiol
structuinl i:q:\lllﬂptu,'. The: problem gelp complicated in places whoe the urbanivation lus taken
place ot rapid raic thereby leaving limited scope of inthualve surveying mud even non
dJostructive SUPVLIY NG, Minaty pereunl atilities like walon, lelephone, sewer, pas pipelines lic
up o LS moduptl which necd to be detected, mapped and rapaized, Milibey considerations
lead ter e [irat efforts at remole cavity delcelion, wy extenzive (unnel complexses in Vicinun
plapucd American operations thioughout the Southeast Asian war, The detection of bunhuers
aid subartace hangers o wireratts and ammumition dumips ean Do other likely {arpets whicli
Nesd 1o be identificd, almaost all c[uw;q]upm'l cities acrosy the wioeld hove or are in the JHLEIERE
of subsurface lypnuling tor develepment of metro irains, These tunnely necd coostant
monitoring and asscsament from sality point of view The voids in the surluce of the

nirstripe, bridpes wnd roads can b dizostous for (he b e and vebicles, Huge starape



fandes and watler channels which hove been abamdoned or not in yse al=o need to be idenii il
and mappia] W aveid sny consliaetions ever such area without Tap theat,

Thus 1t can b clonly seen thal most of the times i3 not only dithcull o sl
hawardons to carry oul e sarvey, Thug o nead is telt to cxplore the possibulity al dateating
the subraurface cavity cemotely withot bving to undertake the agmarale of deploying
LT JRTR Y i:-rvt:urw.ying ohsite, Microwave reninte sensing (MIRR) coan thugs become an nnpotant
wol to deleel subaartace cavilios expucially shallow eavitics by systematically scannimg the
target aress und processing (he infinmation, The sdvaniape ot nicrowawva o sean at any (ime
of the duy and In any weniher conditions can be sdiled wdvantage, One of 1the most imporiani
faturas con be almest real lime availability of relinble and aceursie duta, The system ean b

salellite of ararall borne:

1.2 {Iverview
e deteation of tunnels, pipes and other buried Inhomaogeneitics Ly hean racenily mddressed
Iy using electromupnatic invarss scatlering spproaches [1]-14]. Microwave imaping of buried
objects i widely uscd i sensing applicatlons, such ax peophysical cxplomtion, medical
imaging, civil enpincering amd pon-deatructive esting, in collapsed buililim: o avalanche
vielims [5] To detect the cavily the teohnigques buing, nm':lied ari: Cacuphysieal techniques
like: Suinmnic cliaction, Suismic retlection, Cleavily survey tochnigu |6, glectrival rusistiviry
inngsing, clectrical pradicnt welwiques cie; Kleetromagnetic teehndgues ke Mo eiment
el the megnitude and dircetion of Duarth™s nagnetic fild [7], Electramagnetic Suveying el
Radar techniques (PR 15], [8] and Crosshols Rorchole Radar [9] w dutect the cavily;
Miscellnnsnnn (echuigues like inliared scannues [10) and  combination | 11] [14] of the
pome gbove meotionad  leehniques, ALl ihese teehiiques have  wome limitaiions like
observalion o e talen only by Eﬂ"inﬂ in poar viehuty of e gt and this ix smmctine
eiMTiculi s some time danpoerous also, To miniinize this effeeh now days MRS leehoigue 15
f.:uminu HE M l'u'lWEl'fLIl tool

Sull very limited wank has been eamicd out (o duteut the cavity with Microwave
Lechmigue tor remole sunsing, One of e proboble cavee for thia 15 a comprinnise with the
penetration depth that hos to be made while considering the migrowsves The penstration

depths of (hess waves are tesiriclod because Al hipher frequency allenultion i mier

[ N ]



Subsuifaee tarpol dentification is o challenping ik os thers sre o viiety of randomly
distriputed nnwanted objecis, etums from which absoure the whan them the objeet o
interast, lyrihermeors, the mediwn wyvalved (e, the ground) i= usunlly lossy, inhomaopencous
and gives ||'|n::i:',t|,|n'.-:lr.-.pmuh_-ut lossag (hnl Hignlﬂum‘nly Tirnil the ﬂlﬁl'ln'.'ll"'.ﬂ'ﬂﬁi?-u.t tuli, 1 he
anigo(ropy and comples sl boundarics of the ground ke the propspsdion of waves
nmdrpn raflection, relioetion and dilTrcton, thuy making energy transmission intarpratalion
Jilieult, Theso loypst st with the prescnee of the ranconn roughness of uil-y,u'mlld interiae:
nmhe the (ask of subsurface (arpul identification iraly Tormidable, The return from the cavity
gets obseured whili the subgyrihee atudy is careics] out with microwasves, The nature o 1he
cavity alse plays an nuportant role as it may be lilled with Ligoid o air, The constinalve
paramoters of the cavity contenl and s inferaeion with the EI,I'I'I'HIIIII.“I\IEII meadium afluel e
returns of the incident power, |
Aclive microwaye momestatie scalleromeler tachnigue Tas bean uliliaad i our
expurimental woik, Uhe considered scane ix ireadiated with continuous waves synthicazed by
H l'l’f.flllll’.'.l'll.:}" :4y‘iltl'1ﬁ5iiﬂﬁ.if und the back weaticred powsr is mioasaread with the swne antennas
il and receive: prili are isolaks) using o circulabon, "The backsestlered raw dala i« then
processed to carry oul the deteelion of the buricd objeets, The sequuntial processing o’ the
raw data ix ewrvicd out after suitably adopting the technigues nvinlable in image analygis
mode, Il involves the sleps of preprocegsing, image enhaneement and objeel detecton, Lking
Thix micrownys® tEE-lmii.lllL: willl I analysid ﬂ}'-"ll'l'ﬂi'\i.'-h an endd@avar hax been made G delee

thr whillow aur filled eavity and distinguixh it from burid object at the xame depth,

1.3 Available Techindgues for Cavily Detection and iheir hmiiations

151 Selgmic Waves The scizinic mathod relics on the difforences in velocily ol clastc or
weismic waven through diflirent gi;i:.luuiu:-ﬂ o man made meainls, An oelaxiic wave i
genueed in e ground by dinpact Dorce (o Balliog weight or huouner blow) o explosive
clunpe. The resulting pround motion ix dewected at the surlhee by vibration detectorg callid
aeophone {(which converta ground molion Into an andlop clectrical signal), A tew spsessful
mApping atlemplx walng high-rosolution seismic rellection surveys have been reporud (135)

[17]. Bome Timitatons of (his eehnigua ar



(1) The use of wisnue methods o delermine the peometry of the sub-woil i seocioted with o
low lavel of sueeeas of these lf.,'.ul'lrlif.lm."ﬂ m shullow ill‘-'l-'-"iﬂ,l_lﬂtim'll"r.
(1) 1t entaily » large sel of resources 1o be employed onsite and slsched o the ground o

carry oul (e study due to which it ia much slower than non contaciing teeluigues,

1.3,2 Gr;.yily Method The E,_rm:]nmtrjt_'. TR TN x'tspt'.llldl’r to diflereness i the mas=x ol thalr
surroundings, which resulia either ftom conlissts in the dunaily of the groumd, or from
varistivns (0 geomelry (vavities and voids, cinbankmenty, hills cie). Gravimeieic weehniques
involves measuremen! in vanations in the Intensity of the corth’s pravilational held
(expnesaed as aceeloration in centimuiers par seeond squarcd, o gals). This method hos tound
5 wae in detecting the water or <olotion filled cavities using micropevimeters, 1he
technique has boen used tor cavity datection by Dutler 6] but the technique cequires « lot ol
care such se

(i) Station measuremenis slong & seciion or oo ow god require peat care inoselliog up the
instrurncol, and the clovation of each gation must be carelully sarveyed, The light of each
atation haa to be cercinlly managed,

(Y Crinvity dota obisined Inthe Geld mut e correeted o elevation, rock density, latitnd,

earth-tide variations, and the influenue of surreunding, topographic varistions,

L33 Eleetrival Rexistivity Mol [0 this meihed the resistivity of sabsurface cnvinoniment
it measursd] by injecting an electricul current imlo the ground by s pair of surfhew clectredes
Al mgaeneing the resulling polential fickl (voltage) botween o second pair ol elactrods
Thix wmcihunl (elies on Mg subsuriaee vanations of cleetrical cyrrant owy which s
i lexlad [y an inereas o dearsase inclectrical poicminl between two clectrodes, Ohdy i
al. lmve used this (cchniyue i conjunction with the GPR ta doetea sulrurfacy gavitica i
Ligypt 110 D the interpretation of data in O presence of complex geolopy und the
cxistence of mulunl cwrenty and potentials ix coplex, Alws the depthy mesaned by this
eehnigque are nprmally an overestimation of the true investipution depth amd on the other
b} this lechndque involvis the ugage suans which neal o be placed on wround thu i i

Alirw, Tinie consuming sand alao the soevey aren 15 lmited.



1.3.4 (Jround Penctvating Radur {L.FK) CIPR applies 10 a runpe of clectromagmetic
techniques designed primarily fov the localion of oljects or inlerbees butied beneath the
carth's surface or located within a visually opague structure, QPR waoally operales
[requencics between | and 2500 MHz and i capalile of pancirating the ground to depths of
more than 30m, While mogt (1121 Aystems are uxcd in elose proximily o the ground, airborne
sysiems have boen able (o map jee tormalions, placiers, and pencimile thiough fores EDTRTEM S
The great advaniuge is that this method is nondestuctive and hiph speed, Degpile huving a
o pf udv:,-lnlm_r,q.::-i it iy foeused with limitatons ke

(i) PR ix valnerable ke cxtramely biph lovels of clutier st slwit ranges smd thiz 5 15 major
wechnivul handicap.

(i) 1L s imporiant 1o detine olearly lhultnrget paramelors, Thare 15 8 considerable diffvrenee
betwaen the tirgel response fromow baried pipe. o buoed mine, @ void of & planar inlerlice,
Thie hag » mwjor impact on solennn design, polarization stale swd <ignal processing <Lategy,

TTenee the related cost Felors 1 1t become “HIililIE!. factors,

1.3.5 Thermal methoids  Measurcments of ismperaturs ylfl,,'in,tl.;\m; in ihe subsdrtace can e
waedl ux berth o near =urefuee and 4 borchole mathod, Teenuae water has o high spacific bt
capmicily comparcd W omoat natural matenols, ite (empeotars chanpes <lowly as it mipemies
thicugh the subkorlice, Consuqiently, shallow carth emperaiores can be relahsd o the
ocourrencs and low of ground waler, Shallow peothenmal measaeinants are osually made
by measuring subsurface tempoigtures gl s sclected depth (up o A0 inehes) ol jumerous
slativme v 4 shorl tirme spuahy to deheet the water or liguid filled cavities, The technique
v v plm:ing Larpe: number of gialion on which mesaoemants have 1o be made, Tenee

14 Lime consuming sod covers a limiled area,

L3¢ Magnetmictry  Mapnotic mathods are bised on the muensaremeant of locul variations
in the carth™s magnelic fichl wsmg mapoclometers, Soch varlations are sasociated with
differenees in magnelic Hu:mcptitiﬂi[y of roeks and soils o the progence ol permanenily
mapnelivan]  bodics. Magnetlo techpiques are parbienlaly useful in Jocating  Joes)ieed
sulmoriee faatures of enginesring inlaeat such ay sbaodoned mincsbull, sink holes, wnd

bl wervices. The main advantspe of the method ix that magnetic masurements can be

£, |



M LTH“EHJUIV I.HHI ”“d hﬂl'.l.t'-ﬂ th‘; = ,l".lr' 'the n.lﬂ(h’l“'l iH I:ilﬂl.'!l'h'.lL".l}’ L.'h"‘-."ﬂp “ hll':." felous
drawlmeks like

() Muasurcd licld anengths e woriously affectnd by iuterference from leaneal cables,
alecrrie railwuys, moving vihicles,

“1) Ul‘bi‘"l LICasy hnve‘ in Hh“["_lﬂ]'“'_‘-l: ﬂld ﬁillllil}llil'lnﬁ, l‘.‘urif:"'.‘ :'.':“"N"'il':":""'\ i Wikl ]
ives rise o complex snowalies which wan anally mask sanomabics produced by wingular

(uniures of en:.:inm.*rinu INLEEAT,

1.3.7. Combination of technlques  COver a period of tine large numbers ot survays have
been carrivd oot in combination ol teehniques 1 reintores the rosulix obtamed from oo
technicque. Some of the sxperimenty which have boen reported are piven below

() Datection of undergronmd cavities by combining gravity, mughetic and  pround
pwinairating el garveys has hoeen reported Spain by Mochales i /. U 2J-

(:ii:ll T".lh'.L'.l'J-ll‘iuﬂ of grouml-puencirating radur aed mderegravimeivic inethods o g shullow
unves by Ruores or ol [13]

(i) Comblned geophysival techniques for cavity dulution have heun proposad hy
Alulelbdy er al. in which Veitical Blectricul Sounding (VES) aind G have besi utifived in
Ligypt |11].

Gvy  Dmuging suhsurlice covines uking wedglectric (omoguphy and pround pensicaiing udu

war sarpied ol by Qady ¢f «f in Fuypr|11]
A paint to b noted I that a0l he ombination webnlguas mentioned here include GPR,
Thiw rdar fonns an intepral part in thix type of delcalion. Haweyir, GPR laving itx own
limitations, an undeuvor 15 being mades to dovelop u wehnigue which will be uselul in detecting
r

the subarlocs cavily or void reamaoluly,

[t iw abserved after critically analy-ing variour available techniques that there i s
neeal (o wxpliwe: 1he possibility of application ol MRS {uchnigue tor subskurlice eavity or void
deteiiion, Viuw‘ll'lﬂ the imponancs of applicution of MRS on subsorfao cavity deloation, in
this proscnt thesis an aticinpt has hocn made to dalcet the subsorlice cavity in contolled
conditivns in the Tabwomtery. To ynhance the mosulle we have ali applivd «ou uiage

analysis techniie by which (he deteetion can b suengthenssd,



1.4 ‘Fhesis {rganizalion

The varigus techniques avatlable T 1w detection of the cuvities and viids have been
discussead in Chapler 1.°Phe alm of thia discussion was 1o analyze the wireopih aod weakness
ot ancl 1eehoigoe.

Sinee il is envisagad (o deteet a cavity using mlerowave lechuigue for remole swnsing,
snd distinguish it from the (wo dittarent ohjocix located in prosimily W each other halow the
e, Cligter 2 pives u brict ntroduction o renote senging buline dwelling info the MRS
il (g (eelnigqua,

(hapter 3 dJule with the 111(_-.1]-““1“]”)_-'_-,; and dats ProwiAing to achicwve the detection of
the eavity. It explaine how the back gesticrad signal power s measured amd proceased, It also
denlzs with the i processing wehnigues ased in thiz dissermation, Deing g j'.'l'C'\'."C“."—H:i"L'.
l_c.c.[uu.;lui_- the raw duli plnt 15 then subjucted to preprocessing and (he techoigques of imap
vnhancament heline applying (he thiesholding, Various thresholding eehnlques have been
duvgloped over w perod of time lor ditferen| applications. The choice ot thrasholding ualng
{ M wmed Frilrupry threshalding tor spatial dommin 15 profomed 1o kea the alporithm simple
and computatonally loss laxing.

Chapter 4 covers the detailed discussion of rexulty for the cxporimental work caeried
oul for during thix dizsertation work. The X band and € band rosull have begn discussed
unil g bricf CANT IO 15 made betwesn the rexults ot the (wo hamds,

Chapics 5 highlights the conclusion smd fururs seops of work.



CJTAPTER 2

Microwiuve Remiote Senging

Itemote ,‘:'-'u.'.rming 17 the getcnee and art of .',-u,'.:luiliu;?, information {=pectral, spatial,
rrlivwresliic and wenpesral ) aboul maleeinl abjects, aren, o phenomenoen, without coming into
Physicnl contacl with the objecis, o orea, or phomnncnon under inveatigation, Roemole
sening, olso callsd coarth obeervation, refers in » puncial sense 1o the instrumenialion,
*tachnigues and mahods ussd in obweive, or sense, e surface of the carth, usually by the
formation of in image m A posilion, Stationary or mulbile, at 8 cerlain distanee remote (om
that surface. In remote sensing electromupnatic radiation conldng from an ubject, am
meagnred amf tansiated into fntormation aboot the object or inte processes welated wothe

uhjeel.

2.1 Remuote Sensinge
Kemote Bensing ix clesified into thre types in respoect 1o the wavelungth regony [1R], [149].

. Visible sl Raflactive Inlied Hemoly Scnaing.

. Uhermal Tnfrarad Remole Sensing.

. Microwave Hemeol: Scosing.

The: fpllowing components s involved in the prosess of reoote sensing

. The snitce of the clechiomagnetio mdiation which ix Lransmiilid,

v The path thronph e atmosphere

. The mteraciion with the objuect

= ‘The reeording of the radistion by a sonsor (nec eption)

. Creprinsaing of the recorded rodiane

. Tnterpetation and anulysis of the oot sensing dain o give the (inud poaduet

The remote gensing 15 divided Gt two moethods based on the daatrument [20]. ' The
Lo Lypes of remole senalng insinmments are; passive and active. Pusave mstromants detect
the retlectad or gritted slacirmapnetic radiation lom nalural sowees ar from 1he observed
scene, Active sensors are the instuments (hat nudiote or iluminute the ohju o scene (hey
obreryve, The cnergy is radintad trom the <enson 1o the object and reflecicd o backseaticred

ratlistion i recelved [rom il object,



2.2 Microwave Rumale Sensing

MEY image dals ix puthered by messuring the strengih ol cocrgy scatiers] buck w the sonsoe
in responss (o cocgy transmitied [T9(-[21. The duepree of reflecion is charactenzed by il
sealtermg cocllicient for the s liwe material buing tmaged. This is o function of U
cleeinical connplex permillivilty wl the materinl and the romphinesd af the surluce i
vomparigon oo wavelenpth of the radiation waed, Decause of thelr long wavalengihs,
cinnpar) Lo (e visible peed infroved, microwaves have specianl properties thal s i portant
i remute sensing, Lonper wavelength miciowave radislion i penetratc hrough eloud
eorver, e, dust, amd all but the heavies rainfall, This poperty allows detection of
Mictowave energy umdee alnost all westher iod environmenial conditions so that data can be
collectad at any (ime,

Surtace imilereibee rad.\rls have beco uttlized o conduet subsorface detection 4t hands
lower than X-baml. e predominantly ussd bands e B, L 5, 020 amd Xabands, The s wod
la arid desert s the best for carrying oul subsonbee detection uxing nuicrowavis i e sand
ullordy duup Funetr;\tif_m based on the wavelength of incident wave and soil condinons like

l'lul'llii.lil_'-;.

2.2.1 Micrownve Rensors  Some nncrowave sensofs can deteet the small amounts of
naturally smilled ricrowave gnurgy within i licld of view, Such sensors are enlled passive
boranza they deteot EME (hat 1 genweraicd uxternally, for vsample, by umillonce by or
refluctanes from u target. The microwave cocngy recorded by u passive gansor can b emillud
by the almospliers, raflecicd om the surfuee, emiticd (rom e surfuce, or tansmiilid (nn
the subsurliuce, Because the wavelenpih are 5o Jong, the snergy available 15 quile minall.,
Thux, the lields of view mast be Jarpe o detecl enough enerpy koceord g sipnal, Most
Pasive milerowave sunsors are (horclore charciuriaed by low spatlal resolntion. Passive
microwave sansors sre Lypleally radiometars or scanners with sooaotenna (o deteat und racord
the microwsve encgy. Paggive mierowave erlivmeatars soch oy the Seanning Multl channel
Micrownve ouhiometer (SMME) procdue inneely with s losy spatial resoluton LEVINERTEN
to pnuvide measuremenix of 5a0 surface lemperaiure and wind spoed, and alse o deteo sea

ice, Applieations of passive MRS include mekscorology, hydrology, and oceanyaphy, Dy

b



l\,‘p.',uln:lng at, or through the simosphers, deponding on the wavelenpih, maleorologiste use
passlve muicrownVes (o messuie atiespheric profiles and to delerming witer and wone
content 1 (he atmosphere Hydiologists use passive mlarowiaves o moessae 500) mojsiore
since micnrwave emizgion ix influenced by muoixtare content, Ovesnopaphlc applicalions
inaludy mapping sed joe, cornas, and surlace winds os wall e delcetion of pollutanix, sch
as ol xlicks |14

Actlve microwave sunsen EnCrion il owi slectromapoatic radiation a1 conlimater
warveleigths, transmils ihis CNergy townrds the E:,I'l.'ﬂ.'ll'ld, aml thun dewests the sirenpth of the
hachucattered signal from the target in e direction of the s [22], Aglive migrowave
wenfols are penerally divided inbe hwo distinet categorivcs, imaging and non-imaging, 1 he
mest common (o of mmaging selive mdorowave sensns v BRADATR The stength af the
backscatiered sipoul 15 measyred W disenminaie between different Garpelsoud the time delay
belween the trnsimntted and rellieeted signals determines the distanee (o iangs) to the Lirget,
H”"'i"‘”L'-i”L'- microwave xenaors melude alimeter s and seaticranuiers, 1 mos eases Uieye
are profiling devices which ke meaguremanta i ons linesr dinenslon, ag oppesad W the
Pwimdimenaional represconiaiion of imaping 4CNE0TS, Bome ol the key aclive ML horne

MRS B givan belivw |_--"-"'i ,|-

S RARARY Lafforent 1ypes of radars are being wilized walay tor the renule sensing purpos,
The imporiant onex have been bricily intraduced,

(1) Syntholic Aperture Ladars (8AR) Sengors looking to one side ot the nadic wack,
collecting » phaae and (e hiswory of the colwrent radar cebo Gom which typivally can by
produced a radar mage or inerteromelric lopographical map of the syrih’s aalbee. A new
penarslion of SAT xciand 15 coming inlo &X15tene:, desipned to i opendtionally stable,
cyuippad - with  capabilities such owx mualtifrequency,  multipolarieation  daty gathaing,
mterierometriv modes, and widv-swath coverape The st of spplications [or SAR a; o
remaota senxing Wol 1s also mapidly expanding in Gelds as diverse as oveanography, torestry,
sod-ice moniloning, planetary vxploration, poolopy, ugriculiuze, sml wirain mapping.

(if) Drecipitution Kadare These radars sean porpeodieular w mclic rack, measuring the radar
cethey (ronn aintall, to dt.'.lf.'.l'luil'll;' the rin 1 eale orver the carth™s sarface concentiuling on the

IropHius,

10



(i) Clond Profile Radurs “Vhese radurs look at nadir, messuring the radar echy retun fiom

ehouds, 1o duierming (he clood refleclivity protlie over the carl’s sarface.

v Altimetery Badar allimeters transmil shod ierowave poalses and maasure (he round trip
time delay o tarpuls W detemming their distance from the sensor, Generally slimewes look
strayght down al nadir below the platvron and thus messoare height or clovaiion (i the altiguede
of the platforn i5 accuralely koowin), Radar slimeuy s used omomircialt tor allitnede
dutermination and on airerall o sarellites for lopopruplie mapping amnd sea surface heiphl

exlirrisliisn,

< Searreramerery They sue also generadly non-imaging seneors and are used fo make pnecise
quantitative messnrements of the amount ol snergy backseaticrad trom targets, The amount
of energy backeenlivred (3 dependent an the surface propertics (roughness) sl the angls o
which the microwsve energy sirikex the warget. Thus seallunometry is a form ol radar remob:
sengsing that can meaaure varous peophysical propertios ol surfaces based on the amplind.:

of microwave clechhomagnetio prlses,

=

' "
# B § .
" 1 " r
wm " y l
l I LT "
' ‘ r

Fip. 2.1, Monoglalic nnd Bistatic gesiiciometer,
SeaTeromeiry muuramants ever oeeal Surfaces cun b used to cxlimale wind specds
based on the sea worlice roughnesy, Croand based sesllcometers are owd canensivaly (o
aceurately measure e backseatier from varous targets in order (o characlaize differont
materials and surface types, Two prinuny types of sesticrometer ars monostutic and bisiatic

a¢ shown in Fip. 210 In bistatic scuicrometer the anamiting amd recciving antennas s

11



Jewzmlid away from esch ol In monostatic case he Two aoleonas are collocatod, This
mnwstutic configpuraiion ixu apecial onse of the bislalic syslon whers the angle belween the
Lwir altenna reduges o we,

In thix cxpurimental work monostalic sy<lum with single anlenna ix conziduaed which
will enable: only co-polarized (1111 apd VV) anwdy. The antenna i conneeted 1o u elreulator

thug providing authicient isolation o the ceeciven trom the transmil path

23 Intersclion of Microwaves with the Target

Compley inetions take place botween the incident microwavey and the argsts on/below
the wurlaee |24). Hesidas the systumn clited parametors (he: pewsmtnical and slectrical
properliva of the targst along with itx local surtace geometry infTuenew the boekscatter, The
mapnilud: o intensity of this backxemicied energy 15 dependent on low the radar cnerpy
inleeacty with the surface, which ix o fusction of several varinbley of parameters. The
briphtnesd of teatures ip 4 relar inmpe iz dependent on the prlion ol the transmitled coeryy

that iw rctarned back 1o the mdar Teon targets on thae soefae,

231 Sensor Parmmeters A the radar iz an aetive mstrument, ihe ulineteristics of the
transrmiilel ”iL'-”"'l can be controllicd 1o Juticalar, the wavalenpih and pn::lm'lzuti:_m il 1hie:

sipmal are imporant properties of e edision source used in remote seasing (247, [25]

o Wovelenpthe/Frequency it wovelengih hax s direet bearing on the dupee of
penctontion of the surfave rmeleiul chieved by the miviowave such (hat Tower fivquency
penclrated desper inle (he medlom. Most sscllile-linoe sensors thal operte in the
miciowave ragion o miciowave radistion with wavelengths between 3 aud 25 o,
Rawlisicn at these wavelungths ean pencieate cloud, and the microwsve buad s thus a
vilualle region for remol: sensing in temparnte: and tmpmnl arady where clowd cover rastricis
the oollaotion of optical sl thermal infrara] irmapus At L ban: wavalonpile 1’11;3131':;&1111;1“,”:»*
24 om), microwave radiatlon can pencirale he lollage of trees amd, dupending on the "“'.iu.hl
of the tree, my reach the groumd Rackscatter occurs from the leaves, branches, tronke, and
the: pronmd suitace, In arcws of dry alluvial or sandy soils, L-band radar can peoctone e

pround for several moters, The same is toue for placicr 10e, shorter wavaelength L-hand



indiation can peneirate (he canopics of trass, sml the apper layers of woil and 1ce, Qven

shorter wavelenglh X-hamd SAR mainly secs the wp of the vepelation canopy and the soil

and 1ce xurihoe.

s Podurization The polarieation of an aleatrommgnetis wive refie o the orientation of the
alieirie 1eld during propupaticon. For railar Hy UG, this can b chosei 1o be paralliz] 1o 1he
I;".;-ll"l]'l.':-i Adtace on (ransmixEicn (@ situglion relened to as horizontal pnlnl'lzntiun or TT i)
or in the plone in which both the ineident aed scotterad rays lie Gromewhnt inapproprialely
ualled vertical polarication or ¥V mode) The degiee of polariaation naaton that ooeurs can be
i uretul indicutor of Aurtoce material [25). The palarizaiion of the mﬂ'n:\l haw sncllvet on the
natura and mapnilude of the backseaner, There can be (na combinations of both transmi
and reeoive [eluriuticns as forlliws:

{1} T - fin horizontal iransmit and horiamial reecive,

(Y V'V - tor vertical transmin und varticy] reccive.

(iii}  HV - for horleontal tmamit and vertical icoeive,

{iv)  VH for verlieal anamit and horivonial receive,

The firsi two policization combinations are relerred to as  like-pobwized or
coploaiized bacanse ansmit and reccive  polarizations e the same. The last (wi
vennbnations are relerred to as crosspolized bacayse It and regcive polanzations ar:
otthogonal o one wiother, Molarimetile rndars are able to transmil o racelve hoth
horizental amd vertical polarizations. Thus, they sre uble to reccive nd process all o
combinations ol these polarieation. HLL 1TV, VH, and YV, Sinee ow aystem invelves only
g pialarizcd notenna oricnislion complete polarinetnig sel can nol be studied,

Fach of these polarizaticons hag vaeying sensitivilios o differant surfe: oo aaenscs
ard properties. Thus the avalability of waltt polarieation data helps o dnptove  the
identifiontion of aml the discriminalion Detween festmes, n addilion 1w racordimg the
magnitude (i, the strength) of the wetamed signal G coch polarizalion, most polarimaenic
radars are al=o able to recond (he [Hhiase information of the refymel Hignnlﬁ. ‘Thie e b s

to further charniciize the polarimetile signature ol differant syrfaee leaturas,

13



232 rarget Parwmcicrs  The tarpel pueaimoters that infloenes e Duchscattering procoss

are Jiscussed bolow (28], Lhey are dircaly interrelated (o (he sensn piraneters.

v Swurface Renphewxx 1t rofors W the uverage height varistions in the surface cover from »
plang surface, mnd iv measured on the order of centimetens [23]. Whether a surface appuses
wuph or smooth to radsr dupends on the wavelenpth and ineldence angle. The surlicy
rouphnegs of o faature controla how the micrewsve cocigy nteracty with thal surlice o
target wad is generally the dommant faclor in dulennining the toncs seen on adar image.,
The wume surface hax ditferent effective ronphoess in different fregoencic, and differont
incidence anplos. A surtace 1z considena] soeth if the heipghl variations are much smaller
'han the radar wavelength, When the sufiee height variations bupio w approach the sive of
the wavelungtl, then the surfes will nppear rough. Thug, » piven awtace will appoar rougher
wy the wavelength bacomeas whorler wnd smoother ag (he wavalength hecames Jungor. Tl

al® bwo criterions for the worihee rughness

. IHI I :

(1) Rayleighs criteria b 1)
Y Heosd

o 3 = H .:lL L

(i1} [raunhofary crilerin h: | (-2

;.
LTIy,

whera b ix 1l helght varigtion of the surtace and A ix the wavilength,
The latter 15 2 more xiringent eriterion for he nutural surfascs Tased on the amoun

of scatued power reecived the Image ig formad. Tlee types of sealtcring are shown in Fig:,

Aa), (b and ()

(i} Specular A wnooth surface: eases apecular seatiering, ol the incident cneepy (penerally

aWny from e scnsor) and thox only w amall amount of cocegy 15 returned o the dar. Ihiz

resulix i sonooth surfaces appening o5 darker woned sreid on on image [22)

0 Diffed A rough surbwe will soatter the enurpy ,113l3|'gx1111;1[1.11y ciually in all direetiong

(1.0, diffisely) and o wipnilicunt partion of the uneryy will be bavknnticred o the radar, This,

rough wurtaces will appuear lighter in tone on an inoage.

() Mixed It ix an intermediate condition berween the specubu and diffused sestiering 11

Ihe: racdar encrpy dous monage to penclene through (he lopest surface, then volume

suenllcring may owan. Volume geallyring 13 the sonttering of radar energy withinos volune of

11
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nxlivm g sanlly consigly of maltpls boynes angd reflactions from ditterent compuonenta

within {he: volume. Lot erample, I a fores seallering may coma: T the loaf canopy ot the

topa ol the treas, the Jesvex and branches fuither balow, smd the wee trunky and aoll at the



pround level, It may sarve o duescase oF increass imape briphiness, depanding on bow inugh
of the energy 13 soattared oot of e volume and hack 1o 1he radar,

In Uns thesis we have malntomed smoothoond diy surface thus the sealering 15 bound

in the constraints of specular scattering,

v Ddelecrrte Propertivy The dislectric conalant 15 o responss of s oedium to an appliod
electrical properly  The physical parsmaters that atfact the diclecieic constant wre soil
moisture, swil lexiure, balk densily, salinily, ;iganie matter, and lemperaturs, ‘Lhe chanpe in
soil dielectric constunt is more infTucnesd by cliange in soil moistue content than other <oil
characteriglio: listed above, The increase o a0l moisture resolia in the increase in dicleeine
conganl, The dicleatrie consiant ix dumed By symbol ¢ The diclectie constant is 2 womple
nurmhbier oy HlHiHl.il'l,hT'., real (v and i"lHL'.i'"'J-"F (") parts shown in equation below
o= ,5." - 'i.ﬂ" | (2.5

The rial parl el w the relative porminivity and it influenees the wave propagation

und the amount of LneIgy seatterad, The sy AT pefors (o the Jielecmnic 1oss Detor aod

tefines the ahxorption propertios of the media,

v Muisture Effect  The prosence (or absence) of muoisine affects the clecirical propertiss of
e olject of medium, changes in the elocteical poperties, influenee the absorption,
taranizaion, and reflelion of mierewave cnerpy. Thas, the moisiyre content will influgne:
Fwrw Lo gets and surlaces rellect energy from radur and how they will appear on an imapy
Cienerally, refleelivily incrouses with incroased imolsture conlen

It the tarpet ix very dry and the soelhee appears smosth b the radar, the rsdar cocrpy
miy be abli o penctiate below the: surlbee, whether (ha surlthee 3 discontinnens (. focgst
canopy wilth lenves and branchex), or o homogencous soelie (g, soil, sand, o jce). lor o
piven syriaee, longer wavalenpihs are able to peneteale hnther than shorler wavelengths, Hhe
tapth ol puntration of mivrowsve radiation sl @ paviicular wavelongth is propotional to the

suttioee soil molsture as <hown 0 g, 2.0,
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1.4 Applicationy of MIRN

There are numerous applications of MR, These have beon brictly summed up ws

* Vegetalion mapping and Agriculine, dentificalion aud gsumation of wop growth [*R]-
[30]

» Surveillanee of torests smd Fuvironment Axsessinent [317 [33]

* Ouunn arvetllones and marine resoures |31, 341,

* Hydiology: sstimation of ground moistue, maps of rivers, cxpanses of water s Hooded
arew 311,

+ lee surveillance: displacement messucingnt of ice, pavipation channel surveillance, 10ebarg
detection [347, [35].

» Cartography . Urbun and Land e applieations: prosluction of maps sml 1luee dimensional

dipital wreain models meaasurement of landstides amd crosion phenomena [31], [32].

17



* Lignlopy. identilicution of geolopiva) giroulurey UL li.\\-‘\-"fl'#.*i.ll"-"li-i}* waves to pass thronph
plant cover |J.E.l

* Metenelogics] npplications [33], [34).

» Diisaster manapement: Droupht and ood damaage sksessimenl [311.

» Soil molsture ahsessment [35]-[37).
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CHAFLER 3
Mulhlology and Naia Frocessing

L1 Experimental Sui up for Micrewsve Measuremenis fur Cavity Listaciion
T sehamatic diagram ot setup for the eavity/metal plate detecnon is ax shown i the Tip,
J.1. An imdiganons moinostatic radar system at X-hund with 10 GITe ad C-band - with 6
UHz of fregueney of operation hax been asssmbled The aystam contping n microwave sonree
(Bhowl: & Sehwars signal synthosizer SME2ZT: 10 MH2 to 27 GTTe), power meter (Rhode &
Schwiny, WYRE), civoulator amd horn antenny, T ix used to supply T8 dBm of CW power ot
10 Gliz and 6 GHz fraqueney during the caperimuital work, The hon aitenna iv mounted on
A movable platiorny at o heipht of 1.05 moand 0.40 1 above the <and aurtace for the X-band
unel C-hamed eApeetively whuoe it can slide Wb in & and v Jdircetion. Lhe power meter iz
Wit o dduleet the backseslleied power from the sand pit and ix isolated trom the mnamission
circuit by uslng a cireolutor, 'The cireulator has an isolation of 28 d1b The sy<ien is megnid
on A movable platferm wnd has the Mexibiloy m x and y dicesetion for motion,

A gand pit ull'q_'lum_nmi:-.n 15 m = Ly m ol dupth 40 em has been witificially vroted in
Whivh (he cavity i3 buriesd invertad along with other objeciz. Fur obtaining the image we
moved (he radar system in both X and v dircetion at regular interval of 5 comow form a mairix

of 24 = 24 nagrid of 1.2 m = L2 m Thua o all twlal of 576 readings wuie wlen for cach

Heration.,
Hmlm:uj_.. B| CIECULATUR (o ] ANTEMMA
FUNYLR
METER
RANIH LT
gy 1 ”I_IIIH

Fip. 3.1 Experimueniul setap schomaiic,
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511 Antennn characicrization Both the X band and C-band antenna were charoeterized in
hey anechoic chamber w ensure noise solation The clevation amd seimath angles woers
wileulated once e mdiaon puilen was ploted aa tabulated in Table 3.0, The plotl
vliation patternx hive been shown as Fig, 32 (a), (B) and Tig 3 3. (), (b). Smaller bonn
willlh pravides the tiner spatinl wesolation, 1o, =pautial resolulion increwses with the decronse
i bem widih, Sufficiently roniow baamwidih have been oblgined fin the twe horn sntenn,
The: gain messarements were carried oul yxing the raference snleoong which wax compied
Wilh (ha approdimate furmuli
41235
ain (1B ) = 1O loyp ml_IH.- w bl -l {3.1)

Using the shove lonmala with 1he caleulated values of clevanon and ssinnath angle we pol the
pain for W o (-Laind as 21 J8 and 22,1 JI0 Anaother il'nl,'_h:u'tunl nArsmi which neeids o b

enluulalial i the swath, Swalh ol the anterna i« defined as the elliptical area that the anlenna

Bewn can illuminate on the plune in any dircetion. The swaih, A on the surfbee ol e sand

with the antanna at heipht hois given by

A=muaxh (3.2
0
a hw=x I.un( g ) R
whir: 2 (+3)
o
b= h= l:»m[ il:: ] {3.4)

Thus Ly replacing the values of o amd b from (5.5 and (3.4) it (3.2 we pet U swisth o

, K 0,
A=mwh'= hm[ 2" )'ﬂ' “m['._-':,] (3.5)

ey



‘Table 3|

S
g lv)

l"fi‘.ﬁqur-nvu ¥
Buid

X band

-

t_':-b:-mﬂ

Anlenng chareleristics o the sxparimentalion.

Llavation Angle | Avimuth | Helght of | Antenna | Antenna
(M) Angle Anlcnng above | Ciali Ewath
(Theprrey | Siod Hurface {(dLy)
6.4 1¥.5 05m w3 | ¥79em’
15.2 (67 1 0.40 2131 | 3033 em)

H PLANE [o-an FLOT OF € wgHy HORH ANT

3.2, (a) 1 plane pedae plot ot C-land

1lrn anténing.
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Vig. 3.3, (a) 1l plane polar plot ol X band
Hinn aintenna.

AELAME POLAK PLO T FUH Y paND Hikk ANTRHNA

Uig 3.3 (b Fplacee poha plot ot O band

Horn antenna.

WFANF POLAAELGT FOR X RAHD HOHH AMTENHA

Fig. 3.3 (k) F plune polar plot ot X band

Forn antenny,



3.1.2 Cavity formation and itz characterization T'wo different cavitics of dimension 332
em w22 omow 30 e with different (thickness were propared from soil as shown i g, 3.9,
(), (1) These were plueed iidividually o the s such thal covity is visible from ibe iop s
the scatterad power 15 measured as seen in Vig. 5.9, (¢). lor each cavity the scatered power
Tovels wire: I'L:L:Hl'i.ll.:lll imdividually, The thin cavily wax burigy) inverled ((he open end of the
cavily ix lovking denwn) such thal the cavity taees the gooamd below the suefoe of the sandd
anid the backscaered power wag measured, This was followed by placing the thin cavity

inverdud in sud along, witle fellowing sometal plhate in all icration st dilfeeent depths,

Fig. 3.4. {Iy) Cavity with thin walla. Fig. 3.4, () Cuvily buricd in lgsd b,

During, the prepmeation of these covilies 10 was cosurad that they weree dreicd in the son (1)

-'.'--:i;ﬂplﬁtﬁ dryness was achieved (and not bGoked at high temperature) o malntaln the o0l

properlics,

&8 Determingtion of complex permittivity of the covity  1{ wis then imperative to 1ind

the complex peomillivity amd loss lngenl ol cavity which wax carvicd oul uxing the

transmission line technique. Lhis tachnique iz uzed to measurs the charactaristics of the [ow

Towax mnderinl, Tha: dicleciei: sonxianl is o complex nomber consisiing resl (7 amnd imaginary

(") parts shown In equation below.

Emy =y (3.0

x



The real part is associated with the ability of the diclectric material (o slor: enerpy
while the complax part with the losses thal oceur in o material, The loxs ol cnerpy ax hosl s
measured as the logs tanpent. Loss tanpgent is the ration of power dissipaied 1o the power
stored per cyole. \

; T
g & = " {3'7)

1

The shill in minima position with snd withont e ingertion of sample s the moessoree
of the dislectric constant, The shill in !hu diglancy bBelween (he 3 0R” poinl on either zide of
the minima with and without the sample ix uged W measure the loss langenl, Thug we esn
caleulate the imaginary part of (he dicleetric constant fom (3,73, To carey ool this selivily
gojuary pellais of the cavity soil were foemead s Gned inne the X-band mtal (il with xlol.
Oreal care was (aken to 1 these pelles tiphtly withoul any pap with the slot walls ned i1 was
Alvoy ensnreed (hal the surface of hese prelliis was mimaith,

The posilion of vollape minimum amd spacing belween hall’ purwer priinl with anid

williwml The spesimen woere moensured using the alothed Tine section, Thae [ollowing wijunlicns

were uset] Lo messore the dicleelne constail

. . Wl
" —[ "‘“'") .[?""] (3.8)
imt y A, )
where A, 14 the fhee space wavelength, A i5 the outoff wavelsngth and t i5 the thickness of the

sample.

‘Lhe value of x in (3.¥) 15 found by solving the squation

Iun x - ‘:\'r. - 2u(n 1<) (1.9)
X 2mt A,

where 2 15 the guide wavelenpib, 0y the ghifl in (he pogition of (he minima.
Singe: the selation of the THR of (he (3.9 i molli valoed wie need (o know (he
approsimale valog of = 1o find i exuet valug, Thos afler Ciogling the valug of = wi gan find

the walue of =™ Tha value o o & i be o] o e {(3.10) bulow

: Wi
tan & - i‘—d-‘-[h} (3.10)
% om .1"".



whiera oy wmd o], are the distances botween the 3 O poinl wilherl wed with Uhe Apecimen, The
values were found in the lab amd using this lechnigue e complex dielectric constant at [0
CiHz frequency wax [nd 0 be 30204 + 10,2284 which 15 quite close (o dry sand [38] Thus

an effeetive ain cavity wos created using soil with almost gimilar diclucieic consbanl as suond.

3.1.4 Data Colleciion  For ileralion ul w given depth, st the squars maal plate and ihen
the trianpular maelal pline waa burled alongside the inverted cavity, Adeguale s wax Iaken
whilu filling wp the sand and leveling it cach time, The surfhee was kepl simoothand diy, “The
back seattarad powasr wax moesxkord hy iking plane polarized i HH and vv at normal
ineidenee for a1l the Bepets, Thua o wtal of 4 sets of readings for individual cavitics and 12
seld ol renclings fin thin cavity with different targets at different dopthe wore recorded iothe
X.band and & sets of reading in C-bamd woere iken ax piven in ‘Table 3,20 These sets of
readinge are then ulilized o deleel the cuvity aod the metal plats by using the jmapee

procesxing |39)-141] algorithm based on MALLAL [42], [43] The hack seallera] power
levels obtnined wers in the decreasing omder for the epions contuining the metal plate,

inveriad cavily and kamd,

‘Lable 3.2 Dillerenl objeeis nxed in uxpriment.

Ser | loargst Limengions Talurinalicon epih
Ma
L. | Cavily W cm o« 30 | Both HH and VvV in |1l e¢m, 5 em , & em al X-
with i W-hand ‘ Bl
Stjuan:
Flate '
111l in © band Aoem, §em B0 emoal C-
lHand
T Cavily Fach widde of |BothHHand VV i X | lem, 5 ¢m , & ¢m ol X-
with M eom buned Bl
Trinnpulur
Ivietal
PluLe 111l in € band Foem, §om , 10 am oal C-
Band




A2 Micrownve Modeling

The primary nim of thiz dizseration 15 w deteet the cavity. Since the cavity i3 made of aoil
havitg almost the similar charsciericies ag sand ths micrgwavies will have inleraction with
an Air filled eavily nmd metal plawe, These have been diseussed below,

3.2.1 Meial Flate ‘The total restuned electric field, az chown In I'ig. 4.5, at ths
seatterometer [AR], [44] revuiver, Fg, srising due o ineidleni clecirie Geld, T ik the resoli of
s llaneous clicer of

= Spoculae telleetions and the diffuse scatiering thom the ali-aamd interfiee.

v Roeflection from the Alumioam rellector ai e depih T oamder thes soeliee,

& ThifTeaction amd sestiering by suefes iercpolaritios of the relleeior,

#  volurme seabicring frown the inbomopenciiios of the sl layer, ‘

We can neglect the dittuse ond the diffroetlon component of the electie field
scattered by the aluminum reflector, ag it is smooth with respect to the radar wavelength of 3
vre S the thichoss ol the adoioan wellechn s much grester thae th depth of i <kin
layer, which i5 of order of micromster, its surtace can be considered a tlat boundary through
which (e is o furether penctoation of the eletric feld ot sand.

Consaquently, Lip consist of the backscattered power from homogeneous layer of
il that s Toeste] hetwaen mwadivm T amd mwadicm 3 with s (T speenlae eelecting houndary
at z — —h and o boundary batwasn mudmm I and madum 2 15 describad by a tunction hix,
¥), where b 15 the variation of the surlaee heiphl relative o horizonia] plang <=0
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A M il M n a bl
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Fig. 3.5. Elactromagnalic wiyve interaction with metal plate.



The Flectromagnet1c wive propapsdion (o the metal plate sasumes thit the incoming
sleciromayutic wave with oleetrica) feld E, i planar, mediom 2 i intinite in both dircetions
xoard yyaud inedium 1 and 3 are wlvo elletively infiniie in the dircetlons of the z axiy aml —
axis, wenpectively, The resufiant clecing Deld Lip can be gonsidered as the suparposiiion of e
fillowing electrical Dulds snd ix piven by (3,110,

#  The ralarned clectric field sl 1he: siv sonnd interface O
v The retumed clecirie ield atter one reflaction o the aluininum reflacior L.
¢ The retorned eleetele fiald afler two or mone relections at the aluminuam reflector and
Al the sie mand Interface.,
Fie = He+Llg | F‘ui’. I+ F. (3.11)
Ry placing the valuer of warious Components in (31 61 b been shown thal the

backseaiicrad poswver is wiven by (3.12) below (4]

( L il Zyahy .
E, =1 k"’ cond, capl Jlllﬁ' )[ My | R eX0( 233h) (514
LR, o+ Ry yoexp(=1p,h)

whers L i the wave number, T i the ioughness paramyicr, ® i the inoident anple, hix e
, L e C. = J#y . ..
depth, W, = ‘/ : ‘/ = amd .y -..\/ ,’ iw e propingation constant, ¥ = 1
Juo 1y, [or +Juy
relutive permittivity and sulwcipta 1, 2, and 3 are (o air, 3o0d and medal plale rexpoctively,
The (3.12) can beoused wocaleulate the cluctric field ot difforen) deptha with other

fietors ramaining consiand,

322 Cnvity Space o the case of the void in the sand surface due o cuvity emplacement
the complexily of he problem inereases with thice layars for inleesction, 1t has baen sgsomd
that (he eavity b the same conslilutive parameters as gard and ix intinite in both x ad y
direeiione Thus the reflections sl the uppet aivd lower interlice of the meadium 3 (ko JRLTEE
wx Ty wnud Ry 05 in case of normml jncidence, Lhug anosdditional component of reflection
(roven the fower interface of the wavity, which undergoes lianussion at eavity (medium?)

suid (medium 2) inlerface and sand (mediom 2) ar (medium 13 i added (o the
superposition of the backacarmerad power in (3 11) ux shown by the red dotiad lines along side

the blue lines. The higher arder refleetion wnd nansimissions have nol been sonsidersd, Thus

6



3.3.1 Preprocessing of the Backicatlcral Power it I involves (wo main procusses.

s Caltbration o carry out the callbration the gysiem a (Tal aluminumm <hoeel was plnced
wver the sorbe and readings were taken for all the ileration siler burying the objecta and
levelipg the sand, This data was used while processing the readings tor detection of the
hurivd ohjects. 'The raw matrix of observed duta in et caliboiad |43] wsing the data matrix

vhlaine lor the metal sheet to give the imaps pixel
vl {"J-l.-"')

Licuitbraea = .
i tal

Whete Eoperved 15 the backscattered power o the buricd object and Mme i5 the backscattervd

power of the metal plale,

«  Normaltzatren The ealibralcd dula i moge bound by carrying out normalizalion, Thix is

carriad out by usinp the lollowing equulion

_ Huul |.|'. mm

| (3.15)
Emnx— Emin

En
whurt: oy Frn » Fug 00d By are the calibrated, mean, minirmm amd meximom calibioted

powers resprlivily,

332 Nuiu Knhaneement The preprocessed daty ix then enhanced by raduciog the ettect ot
nelghboring pixel and filtaring in (he spatisl domaine This involves the process of

coitvolution and tiltering.

s Canvolutfon As the illuminais] aren ol the aoleona 15 larger than the pixel area size, the
normalized image iz then reguirad o be eonveluted to minimize the affect of the overlapping
of the seattered Gekd from the neighboring pixels and the random noise spikes in the imapue
Convelulion ix » ximple mathematieal operation which it fundamental 10 many v
i provessing apemboc, 1 provides a way of multiplying together two armys of nutibers,
puneeally of ditffeent gizes, to produce a third array of numbery of (he s dimensionality.,

Thix can be used In image processing to implement operators whose onlpol pisel values e

TR



simple combinations ol cerlain input pise] yalues, One of the input amrays is normally just 4
gray level image. The seeond aiiiy ix ggyally much smuller, and is also two dimensional
(although it may be jugl » sinpls pixel thick), and is known as the kemel. The convolution is
perfommed by sliding the kernel over the image, generally starling at the top left comer, s s
lr move the kernel throuph sl (he positions where the kemne] [itg entirely within lhg‘-
Pomadnriva of the immpe, L wses the extension of the size of the image by wero-padding

vulxidle the oripinal Hinage, and this will eliminate the effect of walls ag will,

| DATA _l
KL UL

1

I |

il varukanon I' 2 e PRETROCTSSING
I — i

1 * |

1 wommatawaron | 1

I |

L e e e - - |

— o — - - . 1
1
.L LAV T RN | i
L. |....}..mm
I | EMNILANCEMENT
I |
” TILTORING :
|
I— -d
| o
1
1
: "f ORIRCT DETECTION
1
i
1
1

ig. 3.7, Ulow chart for detection.

 filterimg Various spatial filters are available in the Imags Processing toolboyx in MATT AR,
'Lhe two [illers used are the columnwise filicr and median Glicr

(1) Columnwise filter (colfilter) processer distinet or liding bloeks ax columns, T hax been
ugee] in this wark ag it converges much fagler than the others ngiphborhoo] (e with cgual
aeenrney el 10 hag the: capahility 1o Ghee the resolis seoumd the masimmn, winioonam ad

adhier wiabistical valoes Tke mean aod osdiae, Sioee we Yave e QiTrent ol GAL GiGs s



the coltilter 15 used keeping the mean value of the convoluted matiix as the reference. 1 we
WRIE T |"E.h“ﬂht only the metal object from (he baclk ground the colfilter with maxiumwn
value ux 1he reference would have baen prefarred.

(i) Another filter used is median filter. Muodian tilering |8 slmilar to using an averaging
filtar, in that sach output pixel iz et to an average of the pixel values in the nsighborhood of
the cormesponding input pixel. TTowever, with medino liltering, the value of an output pixel is
dulsrmined by the medion of (e neiphborhood fisls, rather than the mean. The madian is

much lesg gensilive (han the moest 0 eXtreme values.

333 Deleetion Afler minlmizing the nolse from the data using preprocessing and dala
cobmnuement, threshold lwehoigques can be employed to filter out the surface returns and

dleteet the Buried oljucts.

s Theeskeld WA o ammple but affsctive tool to separate objects from the backpround which
has been eitectlvely employed in processing works. ITowever the task of sciling o threghold
requires carstul selection of technigque. Different threshold teehniques [45] have b
developed for different applications. The threshold technigquer have boen horrowad (rom
image processing for this microwave problem, In fmape processing he threshold seleclion
methods have been clageilied into two proups, namely, plobal metbods amd Toeal methods,
Global threshold eehnigque (hresholds the cotire imape with wosinple value whoeress o local
thresheold meihes] parlitions the piven imape inlo s oombore ol sub=imupes s deleomines o
threshold for each of the sub-imsgen, The outpul of the Ueeahold operation retalng the values
ahove threshiold while it makes all the values below the threshold as zero, this image i3
refirned 1o s foregrownd pixely (FGE) image while the complementary state will correspond
1 the background pixcls (B{1R) where below threshold values have been retnined wile those
nhuve have besn 3et o w0 and the Image 15 referred to as BOL image. The histogram based
threshold [4¢7 and &nropy threshold [47] in spatial domain are the techniques which can be
aftectively utilized tor the detaction and localization of the buried objects, In this study only
the global threshold technique.

(1) Im (b proy levels histogram threshold wehnigque ag deseribed by Olgy [48], the pray

lavals higlopram of the image pizels is congidenad withoul any @ priorl knowledpe 0T, pray

Al



levels §1,2,..., L} are belng conxidenad in an image of total & pixels such that the number of
pixel at § level i8 denoted by s, then Nm g, + B2 +..+ m Lhe groy level histogram is

normalized amd considered oa probability Jistribuation such that

pe=m¢N g 0 and E p,-1 (3.10)
=1

The pinels belonping o the DO are seprepated teom he pixela belonging o the object in
TG by s theeshold level 1 The piseld with levels {1, 2,000 ) denote the Dok gioind s
ihoway whowvas theasbold {11, Tohdeneie the abject. Then probability of the back groand and
Ihe bjeet wee glven ad

. L {(3.17)
P! - ftp Dl = & 17,
b i llpI L :-H-F;i

The inean and the varlanee with the bhuckground and the abjeet can be clasaltied as

1 . 1T . . .
i —"-Tzlp. and u) = ¥ ip {(5.1%)
"'-.LI =l Fl_l mil
1 o i ,
var = F (0 gL Ppooond var = R0 uh)p (3.14)
Pu yml Plnl 1mi ]

Thi: pleshal mean ol the: imape s piven hy

T
o= (3.20)

iml

Two more varlancss are considered: batween class variance and within clasa.

v”'ll:lniwunﬂ nlunn - IJl: (.-IMII; 1”.):‘ Pf‘l' {.l"‘i‘i 1”.}‘_ I:'I"'.' Pil'.‘ (..lull:l. .r”fli .')-‘

(320
| i el - i |
V""lwdhhl-nlun = l-lu \f"“'u Ilﬂ Vﬂ:,;l

The: threshold value 1 is e foomd hat i gither maximizes (he belween clase vanance

vr aquivalently minimizes the within clusg varisne:,

(Y The pringiple of colropy i3 W U8 UNSCHAINLy a3 0 meaiuie 10 describe the inlormalion
coitained inow sowee. The maxinam intofimtion i3 sehicved when no o prioni knowlodpe ix
available, In which case, it results in maximum uneertalnty. This concept hag bueen
extansivaly usad 1 1nage proce’zmg, Hned on image cah be interpreted as an information

source with the probability law given by its image histogram. Using maximum entropy as an

5l



n:_\l;utimn] eriterion for imape theesboll was (et proposed by Fun |4Y]. It was later comected
and improved by ¥apur wi al [50] The maximizatlon of entropy has bean used (o sel the
thrashaold, t to divide the imape into FGPR wel BOGP and hence datect the subsurfuce buried

objacts. Lat us aggume that there M ototul piscls and py be an astimate of the probability of

pray level value woch thal

-t (3.22)

where ny 15 the tedal number of pixcls bmving oy value i.
T ix than wgeumed hat the Two clisgsges of plvela the conditional antropy is defined as

- I I
HiF)m lag.
(Fr= 2 o % iy

—
L ]
[
[} _;.

p—

L
i B h P
[TMy—=% == leppry mmmioms
‘F.% PLRY T R
The inlinmation between the two classes is defined as the sum of (their respective enlropics
H(F) urul H(R)
I, L3 = L1 LI LY )= o{t)
'T'he above equation can be rawritten as

(Y= log,LpOE) 1 piH)] | o T Th

I : {3.24)
pF)  F)

r=1 L
where II, - =» plog;p, wnd H, = >op, log, p,
imit iy

Tha threshold t iz so chosen that funclion (1) ix msdimieed, Thas ustng the

information theory concept the thrashold {is sed ot a level that enirapy af the imeape hax o be
maximized.

Lhough both the Otsu and Datropy (echniques sre selting the theesbok] evel using
which they are clussifying (he pixels ws TGP and RGP, he main diffiecnce between e
leehniques i that Otgu technigque vses the higlopram o foem within cliss wind between ¢lasa
varianes o maximize (he Tadier e =l the threshold whil‘.: e Fndropy method masdinizes the
ertrapy of the imeape (oocel the teeshold, Aiothen diffeence 15 that (o rechnlque s using

histopram whili the eniropy leehnigue 13 walng the sell’information sonecpt.



o Defeeiine T'wo threshold sciting teehnigues have been utilized to set the threshold leved,
All thy pixels ot the filtered imags are then companed to the threshold level. The pixcls shove
the threshold are elassificd as TGP while those below tha thrashold are classificd ax RGP G
whiul two separate images are foemed and shown in the results, The ungupervized deteetion
1% carrled out by using a code writlun in MATLAR. Bince the cavily and meia] plate are both
buried at the same depih (he metal plaie will glve better return due 10 which the cluster of
pixels with highest relurn value depict the metal plate. Thus eavity sl mail plate ore
detected and identified weparaicly. 1o asicas the comeciness muanual comparison s cuiisd
out with the actual pogition ol the buried object in the image. To check the cilicicney of the
methodology deteciion acecumey nnd talse alarm rate have been caleulaied.

(i) Dwatection Accoracy (IDA). 1t 18 the ratio of the cormecl)y deiceled pixels nlier detection
I+ the {otal number o pixeld of the object.

_ Mumber of correeily det celed piacli

DA = —— . :
Totul number of pixels of the objceis

= 100 (3.25)

(i) False Alarm Rate (TAR). Il ix the miio of 1he ineorrsctly detected pixels aller the

threahold process to the number of pixcls o than e object o the data.

‘T'otal Incorractly L‘Elﬁt‘-lﬂt!llyiﬂ.kﬂlﬁ

FAK ~ ;
Total Figels — Mumber ol thjeel pluel

#1400 (3.26)
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{HAFTFR 4

H.L‘ﬂl:l Its and IMicuzsion

The processing of the raw data obtoined in the experimental work is in form of backrealiorsd
powen recsived in o matrix of 21 = 2. This data s processed in a gequential manner ax
showin in the Now chart in Uig. 3.7 of section 3.3 in the provious chapter, The rew impe, ix
subjectal 1o e stoged of processing in which the raw image is preprocessed by calibrating
and honmalivation to bring the data into a range. This is followed by jmaps enhancemenl
procass whereln the normalized image matrix is convaloted and Glered Lo eobance e laepl
information. 1o the last stage of processing the threshold g sel amd the imape piscls are

comparzd with the threshold level to carryoul delsction of the: boricd objecis,

4.1 Kenuliy and Discussion for the Experimental Work at X-hand

‘l'able 1.1 Details of analysis and subueetion al X-band.

Ser | Polarization | Buried Object th:lllh Frogquency | Subsolion
Mo .
i TII1 Saml T - 10 {iH» 4.1.1
3 TH Cavily Tooking upwands Surface | 10 (GiHz 4.1.2
| . 111 Cavily inverisd Surlae: 10 (tH- 4.1.3
4. TII1 Cavily with siquare plale 1 em 10 {iH =~ 4.1.4
5 vV Cavily with square plale 1em 10 {iHz 4.1.5
b I Cavity with triangular plate I um 0 | 416
7. LAY Cavily with Irtanpular plm:-l.l.l.' 1 &in 10 {tH? 4.1.7
R mi Cﬂ\."““:.\e' wilh sjunre plate Sem 10 GiHZ 4.1.%
). | WV {nvily wi|‘||-:-u1m||‘|.' il Sem Gz A8
10. T Cavily with triangular plate | 5 cm T0(GH. | 4.1.10
11 LAY Cavily with irianpular plai S 10 {iH d4.1.11
13 HH Cavily wilh syqunre plaie Ee 10 LiH- A LLE
1A, 'A% Cavily wilh sgquiie plate: R cin 10 LiHZ 4.1.03
14, HIT Clavily wilh irianpular plai Rum 10 (fH- 4.1.14
15 | WY Cavity with (Dangular plate Eom 10 Gl 4.1.15

a4




‘The details of observations corried outr in X-band and the subseetons under which the
anulysis i carricel ol in piven in Tahle 4.1, The prelimingey cxperimentation in the X band
was carred out o sand pit withoul uny I:qliutl gl This wird lollhivaad by observing the
hackreativrad powees for the cavity face open as seen in Uig. 5.9 (€) and then lnverted cavity.
Then the deptl ofF the cavity aod vctal plade Cagquaee amd ieianpolyr metal plate) wers chunged
and readings taken in both the 1111 and VV polarisations at euch depth as given in the Tabl
4.1,

AL Spnd Uit Dty Tha inilial  investigations  were carried  out by smdyiog  the
bachsuntlerad powares Troen tha s pid in TR ol os priven in Ser M | in Table 9.1, 'Lhe

Image plot ot raw data o the backseartered power 14 ahown in Fig, 4.1,

. Raw imuas
-y w rm !
I 9 S e i 1. ‘ X |
byl
X b 0 2 P A T I 4 e o 1h
' E I ‘EIJ“ i H*
=
E 1 r" I-- e J_ u' 1
.I.i 1@ - - il
i‘. CIREECEER=RERE ' BE B
v - _| i) IREEER '-mml a1
A0 I A S A A I O
I‘M‘-H

' ' ' '
" " i " Al

Dirtance in X I:llril-:tlan

Uigz 4L, (a) Haw data image.

4.1.2 Cavity Foelng Upwards  The preliminary study on the cavity was cairied oul by
placing The cavily such Thal the open eod ol cavily isoal the sand soeliee wilh cavity visible
(Open cavity) whan viewsd fiom the top ad mentioned iy Hee Mo 2 ol te Talde 4.7, The mmw
i has heen pliths] ax shown in Tip A4 7 (#8) Then the image v calibrated and normalized
w bilng the raw daw in o cange. AR acnoaliztion the convolulion is carried ool o[
menfioned in the Now charl in Vg, 3.7 of section 3.3, 'Thiz processing has been done for all
e analysin o thie reomining sobscclions, The ooemalizad Tmape i then Glicred abool the
megn ax ean b geon in Vg, 1.2 (b), The cavity has been marked with the Black ring showing

he Tower power whon comparad e b sueroumding riespion



Waw linage Filtestodd lvwgn abont Miai

L1
" .
"
"
L] nn
{ Ih
1
"wh 1
U] 1 [
1t
1 ‘ ‘ ' | ‘ '
”“ " h 10 Ih i U L1
i, 4.2 (o) Raw data image. Fig. 4.2 () Filtered image about mean.

4. 0.3 Tnverted Cavity at Sarface  The cavity was then inverted ot the surfaee such that s
open end i burted i sand. Due care was taken o level the sand surface at open faee ol the
cavity when buried in sand. The raw imape for this case has been shown in Fipo 4.3 (n). By
fooking at raw image we do not get much intormation regarding the placement of the cavity.
Fhis wis subjected (o the process of ealibration and normalization before being convoluted
and fihered. However post fltering about mean we get o sharp eise around the cavity reglon
ws shown in Figo A48 (h) as anticipated

Tt limge about Moan

aw linanm

P A48 (o) bmage of raw data Fig. A4 4 (h) Filtered image about mean



dd Inverted Cavity with Squanre Metal Plate Bovied ot Tem Depth - The  cavity and
metul plate (in this instance square plate) were buried ot the depth o T cmoand the
observations are carvied out with FHE polarization. The processing hos been carvied out oy
given in the Now chart in Fig. 3.7, On completion of the preprocessing the normalized plot iy
obtained and shown in Fig, 4.4, Two peaks of different intensities are observed in the figure
indicating the presence of cavity and metal plate: Owing o higher reflectivity the metal plate

should have the higher peak while the lower peak should be representing the cavity. 1o

analyze the data more eritieally further processing his been carried out
Convaluled lmage

A PLOT OF NORMALISED VALUNS
i;z 0 ")
1
[}
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e ANE ‘ \ )
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Y ARIN 'A% % "
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i
"
h ' " . .
"o DI TARC I ALORG K AXIA " ' N m n
Dintance in X Direction
\ g N P A
Fig, 4.4, Normalized 3D plot Fig, 4.5 Convoluted imape

I'he normalized dota s then convoluted ax deseribed in section 320 (o minimize the
ellect of neighboring pixels on pixel stength, o this image the higher intensity variation can
be castly identitied but it s dithicult to mter the kind of targot

To enhance the trpet information flee application i required. As discossed the
colomn Oher with vartous statistical data ke mascimum, mindmuom, mean and medion has
been checked, TC i found that the columm filter with mean pives better results as shown in
Fig, 460 () To analyze the process ol tiltering, median filter has been applicd as shown in

Fig 460 (), On comparing the convoluted imape in P45 with the Blered images in g
L6, (), (b)y we can observe the presence ol buried objects (cluster of red color and yellow
color pixels). 1w observed that the vange of value oo unfiltered s from 0-9 while that ol

filtered images o trom 027,



Column Flitered Image about Mean

Medinn Flitered Image

stance & ¥ Direcion

¥ v v v ] n n 1" "
I h LU 1 Al "
Distance In X Direction Distancs In X Direction
Fig, 4.6 (o) Filtered image wsing Column filter Fig. 4.6 (b) Median filtered image

Fhis tmage i now ready tor detection after sotting and applying threshold, On
applying the threshold, we divide this image into PGP and BGP. Two threshold technigues

have been apphied: Ot and Entropy threshold

CHni Threshimidedd image(l GF)

PR T eshialdad linagemnry
0 (.
W | L " 0!1-}1:.- ol lliul‘llnn '
FHwtwios o o e etian
i, 4.7, () P, .7, (h)

Fig. 4.7 (o) Threshold image using Otsa threshold showing FGIP?

Fip, 4.7, () Threshold fmage using Otsa threshold showing BGE,
[cun be seen from g 47 o) that both the cavity and the metal plate have been
detected when the Otsu thresholding is applicd. A total 146G pixels were observed ol which 56

pixels were accurately detected while the remuaining were false alarm. Thus o 100% detection

8



aecuracy with 17801 false alarm was observed using Otsu threshold. A total of 18 pixels
were detected for the metal plate giving o total detection necurncy of 32%. However no false

alarm wis observed i this case.

Frtrnpy Theeshmide o imageif ir) Frvtenpy Theenhiided image(BOF)

O e TN TR T Liwtanine in 8 Birsetinn

P A8 (i) Fip. 4.8, (h)

Fig AR () Entropy threshold indicating 16l

g A8 (b)) Entropy  threshold indicating Bl
Fhe Otsu threshold FG image was plotted using histogram as shown in Fig. 4.9,
St i this tmage hos moaximum number of pixels at O intensity the imape was scaled on the
soax s from 0% Tecan be observed in P 4070 (o) that the maxdmum false alorm pixels were
just above the threshold Tevel, they can be eliminated using the histogram as the initinl peak
i of those pixels The range bins o the histogeam for the metal plate are ot the hiphest

threshold values while the interim peaks indicate the cavity

w
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g 490 THstogram plot ol O threshold imape
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4.1.5 Inverted Cavity with Square Metal Plate Burvied at 1 em Depth The cavity and

suare metal plate were burted at the depth of I em and the observations are carried ot with

VV polarization ax mentioned in Ser No 5 of Table 4.1

Convoluted Image
Normalized Image

no :
el h Lpatl! N
E N LAY \ \
N r
'i (0 \\ \\ (1 2 "
0 < r
z ' \ B
() " "
"' \
{
Distance iy, " .
Y Direction
: J "' Distance in ot f. 1 1 0 n
T ) X Direction Distanos In X Direotion
Fig. 4.10. Normalized 30 plot. i AT Convoluted imagpe.

Fhe normalized imape shown in Fige 4100 indicates the presence ol two prominent
reglons which indicate the presence of the metal plate and the cavity in sund in the decroasing
order of reflectivity as discussed in the previous subsection, This normalized imape is then
convoluted to minimize the eftect of neighboring pixels as o process ol image enhancement,
I the convoluted tmape as seen i Figs 40T, we are able 1o view two prominent proups ol
pi.\v|'..

Filtering i carvied out o improve the tarpel pixel enhancement, The columnwise
ftered image about the mean and the medion Blered image are obtamed. The two iltered
images are shown in Figo 4120 (), (h), On eritically observing the convoluted and filtered
fmages 1t ean be noticed that the boundary pixels in the reglon of the two bright clusters have
been enhanced during tltering. The range values of the convoluted image ranges from 0-8.5
while that for filtered fmapes range from 0-7.5 as can be viewed trom the colour bar in the
image plots, Thus Hltered dmages are enhanced and are ready Tor the setting and apphication

ol the threshold in the next stage of image processing,

40
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Distance in ¥ Oi

P A 020 (o) Filtered tmage using Column Rilter.

Column Filtered Image about Mean

N 1] 13 N
Distanoes In X Direotion

J

1

Median Filtered Image

" 1 x| i
Distance In X Direction

Fige 40120 (h)y Median filtered image

Fhe threshold s set based on Otsu and Entropy technigues which are set at 0,349 and

0,621 respectively, It can be clearly soen from 1ig

AE (o) and i 404, (o) and threshold

levels so obtained that entropy threshold technigue is more steingent. A total of 154 and 29

pixels were detected in Otsu and Fntropy threshold giving the DA of 94.64% and 44.64%,

and FAR of TRE5% and 0.77%. 1t ean be seen elearly that both the cavity and the metal plate
; ; |

at this depth have been detected and distinguished with reasonably high accuracy,

Fig A 03 () Ot threshold image (G,

CHau Thranhiiuiedd imageil )

FHRbaies W Bl setion

A Thrashmiad inags(nur)

yuy:v-
1

W " ]
FHwtanes In 8 blrsetan

i A3 () Otsn threshold imape (BGH)



Eitropy Thiesholded image(one

Erlropy Thisshalded image(ror

1 "

‘" " h " I 1l

W "
Dintane in ¥ Dieubivn Crmbanes in 8 Birsetinn

Fig. 404, (0) Entropy theeshold fmage (FGPY Pl A4 (hy Entropy threshold image (BGH17)

40,6 Inverted Cavity with ‘Trinngulory Metal Plate Buvled ot 1 em Depth  The cavity and
trtnngular metal plate were buried at the depth of T em and the observations were carvied oul

with T polarization as mentioned in Ser No 6 of Table 4.1

Convaluted Imagye

Normalized Image

[
1K LE
[ |

Distunce In
Y Diroction

ho\ ‘ I 01
_ 4 " Distance in
o X Direction 1

[l l 1] 1t M ]
Distanoe In X Direotion

Fig, 405 Normalized 30 plot, Fig, 4. 16, Convoluted imape,

he resultant of the preprocessed fmage alter calibration and normalization s shown
i Fie 405 which points towards two bripht repions indicating the presence ol targoets,
However definite information about the target cannot be inferred ot thiv stape. The

normalized image 15 then subjected to the next level of processing in the sequence.



The convolution s carrled out using the 3= 3 convolution kernel The image plot ol
the convoluted data s shown in Figo 4160 which shows three clusters, two ol which are
towards higher range while one cluster is towards the lower range. The convoluted fmnge s
I the runge of 0-8.5 in this case

Fo nchieve tanpible information from this datn set the process ol filtetion is carvied
out using the two techniques. From the filltored image plots seen in g, 407, (a), (b) 1t can be
seen that the third group of blue coloured pixels have been elevated and hence merged with
the background thereby eliminating the chances ol confusing this group being o desired

target. Thus the filtered images are ready Tor threshold and detection

Column Flitered Image about Mean Median Iiitered Image
"y ",
J A
4 1h 1
» »
(4 14
" 1
t ]
v
B[ IR
1 + y v . ‘ 1l + " » . '
I h 1 \h " " 1} h 1 h " "
Listance In X Direction Listance In X Direction
P A 070 oy Phered fimage using Column Hilter. P A 07 (h)y Medion flltered image.

On application of the threshold 288 pixels were detected in Otsa technigue achieving
the DA of 97 5% with o high FAR of 46% Similarly with Fiatropy threshold 222 pixels are
detected o provide o DA of 97.5% and FAR of 44%. Thus in this iterntion maximum FAR

has been tound at this depth,



LR Thresholded image(l GFY) Lwi Thrsshalded Imagemor)

-

u. 3
L™
- T
" | ]
. ]
vemy uest
[ R [T

1] 1 11 | "

DIetainee In ¥ Dieotion

LHRtRO00 10 M Dreotion

P, 4 T8 (o) Otso threshold image (1), Fige A TR (h) Otso threshold image (10G17)

Erdrupy Threshulded image(l GF) Bitopy Thiesholded nnus(Boy)

hid b

ulln
-k

" " | 1

|
wtanios in KN setion Lrwbmeinm i W brmetinn

Fig 409 () Entropy threshold image (1GI), Fige 419, (b Entropy threshold imape
(i



4 1.7 Inverted Cavity with Treiangulne Metal Plate Burvled ot 1 em Depth The covity and
metal plate “ wore buried at the depth of 1 em and the observations are carried out with V'V

polarization as mentioned in Ser No 7ol Table 4.1,

Convoluted Image

Normalized limage

Distance from, 1 AW L e | b
Y axls N A\ "
A" 0l
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s Dintance In X Direction
i, 4200 Normualized 3D plot. Fig. 421 Convoluted image.

On being ealibrated and normalized the backseattered data indicates in Fig, 4,20,
reasonably high peak with two lesser dimenstioned peaks Iying adjacent to each other,
Convolution s carvied out next in the processing sequence, The only discernible
information from Fig 420 s that the bright red coloured cluster ol pixels might be that of
the maetal plate tor its high reflectivity. The convoluted image is then Bltered with both the
technigques. The ranpe of values in case of fillered images has dropped 1o 0-5 when compared

(o 06 of the convoluted image plot.
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I'he stage s now set for setting the theeshold and comparing the image pixels with the

threshold to carry out the detection of the desired targets. A total TS pixels were detected in

Otsu thresholding as seen in Figo 4230 owith the DA ol 100% and FPAR ol 1 198%,

Similarly using entropy thresholding o total of 28 pixels wore accurately detected with DA of

70% and FAR of 0%, Henee the cavity and metal plate are both detected i the Otsu

threshold while in Entropy threshold the cavity pixels tull on the bordertine and can be seen

in FCP image and BGE image, Flg, 424 (n), (b)

!

B T euhobele s imugeiinaeg

Otuu Thresholded Image(F GF)
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[‘)l.t-nc. '“ x l)"o(j"()'l Hlistanes in K (irartinn
Fip. 423, () Otsu threshold (1Y) Fig. 423 (h) Otsn threshold (3G,
Ertrupy Threshmlded mage(l 0F) Frtrupy Threshulded nngs(0F)

" PSR b W Blreetinn
W \
[Hmbmrne 0 X Dhreolion

Fig. 424 () Entropy threshold (1FGP). Fhge .24 (by Entropy threshold (RGP

I can be observed from these results tor cavity and object buried at Tem depth that

both the cavity and object are detectod and distinguished with Otsa threshold with reasonable

40



DA and low FAR, The only exception Is of triangular metal plate wherein the FAR is high,
However with entropy threshold few cavity pixels are visible due to high threshold value but
FAR is low,

The received power levels and statistics involved with the threshold images for the

iterations  carvied out ot 1 em  depth have been  tabulated In Table 4.2 below
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4. 1.8 Inverted Cavity with Square Metal Plate Burvied at 5 ¢m Depth The cavity and
metal plate (in this instance square plate) were buriod ot the depth ol 5 emoand the
observations are carried ont with LI polacization as mention in Ser No 8 of Table 4.1,
On completing the preprocessing as per the How chart in Fig. 3.7 the normalized image is
obtained as shown i Pl 425 showing o solitury peak. Careying on further enhancement
the convoluted image in Fig, 4,26 also indicates o high intensity variation but it s

difficult toinfer the tarpet.

Canvaluted Image

Normalized Image

.
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Pl 425 Normalized 30 plot Fig. 426, Convoluted image.

Fooenhanee the target intormation fler, columnwise filter about mean and
medion tHer are applied to the convoluted image. On comparing the convoluted fmage in
i, 4,26, with the filtered fmages in Pl 427 (), (b) we can observe the presence ol
buried objects (cluster of red color and pale preen color pixels). 1t is observed that the

ranpe of value in untiltered i from O-% while that of filltered images i from 0-6
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Fig, 4,27 (o) Column filtered imape, Fig. 427, () Median Biltered image
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Fig 428, () Otsu throshold (1GHIY) Fag, A28 (b) Otso threshold (188G,
Further to seprepate the tarpet Otso and Entropy threshold technigues are appliced
From the Otsu threshold technigue P A28 (o) o total of 234 pixels were detected in
which the metal tarpet hay been elearly identified which i ratitied by the Entropy PGP
fmagee, Pl 4290 () wherein only T3 pixels have been detected. The cavity pixels have
also boen rightly adentified o Fips 428 (o) and can be seen i i 4290 (h) as yellow
pixels piving o DA ol TO0% and 94% with high FAR of 34.23% and 0% for the two

threshold techniques
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A0 Inverted Cavity with Squaree Motal Plte Boreied ot S em Depth - The cavity and

metal plate (in this instance square plate) were buried at the depth of 5 ¢m oand the

obsorvations are carrled out with VV polarization as marked In Ser No 9 of Table 4.1,

Fhe preprocessing waw caried out by calibrating the data with the metal plate and then

normalizing it to bring the data into range a5 con be seen in Fig, 4300 where o single peak

ol metal plate with high reflectivity s scen with few small poaks,
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Fig, 430, Normalized 30 plot Fig, 481 Convoluted image,

In the step ol image enhancement the normalized data was convoluted. Only one

proup of red pixels indicating high reflectivity roturns from metal are clearly visible, To

enhance the information of the tarpet the two filters were applied. On comparing the

convoluted and fltered fmages from Fig. 80 and Fig, 4.32.00), (b) we can see the tarpet

better identified in the latter, The range of data has dropped 1o 0-6-in the filtered images,
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Fig A 82 () Column Giltered imape P, 82 (h) Maedian tiltered fmage.
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P .33, () Otsu threshold (1) Fip, 433, () Otsu threeshold (3G,

Ihe filtered tmages are then used to set the threshold by applying the threshold
echniques. A low threshold value of 0.2706 was obtained for the Otsu technigque in
which o total of 251 pixels were detectod o shown in Fig, 435 (0) giving o DA of
004 3% with o high FAR of 37.5%. In the entropy technigue shown by Fig, 4.3.4 (a) only
16 pixels were detected owing to a high threshold value of 0.625 with DA of 28.57% and
0% AR Thought the cavity pixels have been detected accurately but stronger cluster ol

preen pixel s present adjncent o it
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4010 nverted Cavity with Trinngular Metal Plate Buried ot S em Depth In thiy
iterntion the cavity and metal plate were buried at a depth of 5 em below the surface. The
metal plate used in the discussion below s o triangular plate with antenna orlentation as
HEL This image is preprocessed by calibrating with the metal plate reading and

normalization for which the 3= plotis given in Fig, 435 Three higher intensity reglons

' Convoluted Imnge
can be seen n this plot. N 9
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Fig. 4,35, Normalized 3D plot, Fig. 436, Convoluted imape.

1o enhance the target information, convolution of the normalized data s carried
out ay shown in Fig. 436, wherein higher intensity variation is clearly visible but it is
ditieult o nter the kind of target at this stage. The column filter about the mean vilue
and medinn filters are then used (o minimize the noise ax can be seen in Fip 437, () and
4,37, (b) respectively. The range of filtered values hax reduced (o 0-8 in the fHtered imaoge

from 0-9 in the convoluted imape.
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Fig, 487, (n) Column filtered imape, Fip, 4.37. (b)) Median filered image.
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I smoothened  fmage s then subjected o thresholding  with the same
fechnigues as used inprevious section. With the Otsa threshold imape 282 pisels were
detected as against A4 actoal pixels (20 tor the cavity and 24 for the plate). DA of 100%,
and FAIR of 4516 % has been achieved Tor Otsa Threshold while for 202 detected pixels
Fntropy threshold the values Tay ot Q0% and 30.22% 1 can be seen that as the DA
increasing the FAR s also increasing. However both the cavity and the metal plate pixels
have been detected with rensonable aecurney
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4000 tnverted Cavity with ‘Trinngular Metal Plate Buried ot S em Depth The cavity
and metal plate  were buried at the depth of 5 cm and the observations are carried out
with VV polarization as mentioned in Ser NocEE ol Table 400 The preprocessed image is
shown in Fig. 4400 after calibrating with the metal plate and normalizing the reading.

Two peaks are visible of varying intensities indicating the presence ol higher reflectivity
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Fig. 440 Normalized 3D plol Fip. 441 Convoluted imagpe.

Fo enhanee the trpet information ns per the sequence tn Pl 370 convolution is
carcled. The convoluted fmage in Figo 441 indicates the presence ol al least one tarpel
but it is ditficult o infer about the kKind of target, This convoluted fmage 15 then processed
further with the application of the columnwise filter about the mean and median filter ux
seen in g 442 (), (b 1eean be seen that the tevel of pixels hos been enhanced while

the ranpe of values has dropped 1o 0-6 as compared (o the O=7 in convoluted imape
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P a3 (o) Otsa threshold (FGH?) P A5 (h) Otsu threshold (3G

I'he threshold bs set based on Otsu and Fntropy techniques which are set ot and
respectively: A total of 419 and VIR pixels were detected i Otsu and Entropy threshold
piving the DA ol 63.63% and 68.2% with FAR of 74% and 53.75%. 1t can be ween in
both the cases that the metal plate pixels have been detected with reasonably high

necurney. However the FAR rates are very high.

Fitirapy Thresholded immpe(d OF) Frdeupy Thrashoided imegeiiur)

[(Mwtmeren iy X Direobivn FHRIROe I W Eeotion

Fig A4 (o) Entropy Threshold (1 Fige A4 (h) Entropy Threshold (B

A Sem depth in square metal plate iterations, cavity was detectod in T mode
but could not be clearly distinguished while in VV mode wherein only 6 pixels of the
cavity were detected while using Ot threshold, No cavity phxels could be detected using

Fntropy threshold: tn cose of the terations of the teianpalar metal plate the DA and AR

SO



are high in L mode while In the VV mode the DA and  FAR have reduced for Otsu
threshold, Metal plate detection has been earried out with reasonable accuracy,

The recelved power levels and statistics involved with the threshold images for
the iterations carried out at 5 em depth have been tabulated in Table 4, 3
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4012 Inverted Cavity with Metal Plate at 8 em Depth The cavity and metal plate (in
this Instance square plate) were buried at the depth ot 8 cmand the observations are carried
out with HE polacization ag marked in Ser No 12 of Table 4.0 The preprocessing was carried
out by calibrating the data with the metal plate and then normalizing (tto bring the data into
ranpe o can be seen in Fig, 445, where a single poak of metal plate with high reflectivity is

seen with few small peaks adjacent to it
Convoluted Image
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Fig. 445 Normalized 3D plot, Fig. 446, Convoluted image

Ihe normalized data 15 then convoluted as deseribed in section 3.2.2 10 minimize the
elieet of neighboring pixels on pixel strenpth s seen in Fige 4400 1o this image the higher
intengity variation can be castly ddontified but it is difficalt to infer the kind of tarpet. To
enhance the target information filter application s required. As discassed the column filter

with mean and the median fier have boen applied and image plot obtained

Column Flltered Imnge nbout Mewn Median Flltered limage
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Fig. 447 () Column liltered image. Fig. 4.47.(h) Median filtered imape
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s oseen In i, 447, (), (b), The reduction in the ranpe of values from 0-7 in convoluted

imape 1o 0-6 hay been observed in the filtered image.
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Fig. 448, (0) Otsu threshold (1GH) Fip, 448 () Otsu threshold (BCHY),

Further to segregate the target Otsu and Entropy threshold techniques are applied,
From the Otsu threshold technique in Fig. 448 () o total of 194 pixels were detected in
which the metal target hos been clearly identilied which i ratitied by the Entropy FGP
image, g 449 () wherein only T8 pixels have been detected. The cavity pixels have been
suppressed in both the technigues as seen in Fig A8 (o) and g 449 (h), The two imapes
provide DA of 64 3 1% and 28.57% with high FAR of 30 38% and 0% for the two threshold

lechnigues,
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A 003 Inverted Cavity with Sguare Metal Plate Burvied at ¥ em Depth The  cavity  and
metal plate (in this instance square plate) were buried at the depth of 8 ¢m oand the
observations are carried out with VV polarization as marked in Ser No 13 of Table 4.1 The
preprocessing was carvied out by calibrating the data with the metal plate and  then

normalizing it to bring the data into range as can be seen in Fig, 4.50. where a solitary sharp

Convoluted Imags

peak i seen.

Notmalzed limage

-

SoraaiTeg Vahes
rstamcE Y

v I
Distanve ! \ '
fom Y anls n '“I':::'l'm:::: !
Y i 0 n 0
Distanos In X Direstion
Fip. 450, Normalized 3D plot, g, 450 Convoluted image.

Fhe normalized imape s then subjected to the next level ol processing in the
sequence laid out in the Pl 3.7 The convolution ts carried out using the 3« 3 convolution
kernol The image plot of the convoluted imape shown in Figo 451 indicates o single cluster
ol bright pixels.

F'orenhance the target information from this data set the process of filteation is carried

out uging the two technigques. From the filtered fmage plots seen tn Flig. 4520 (), (b) only o
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Fig, 452 (o) Column Hiltered imape Fip, 452, (b) Median filtered imape
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single target seems to be present. However post filtering, the range ol pixel values has
dropped to 0-8 from the 0-9 i the convoluted case. The Hiltered images are roady Tor the

application of the threshold in the next stupe of imape processing,

CHw Thrashnided image(iur)
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P, 453 () Otso threshold image (FGP), P, 55 () Otso threshold image (3G,

Fhe threshold is set based on Ot and Entropy techndguoes which are set ot 0.2392
and 0.7269 respectively, Tecan be cloarly seen from Fig, 455 () and Figo 454, () and
threshold levels so obtained that entropy theeshold technigue is more steingent. A total of 292
and 1 pixels were detected in Otsuand Entropy threshold giving the DA ol 64 28% and
FO04% with PAR of 47 3 1% and 0% Tecan be seen in both the cases that cavity pixels have
been suppressed while the metal plate pixels have been detected with reasonably high

accurncy
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Fig. 4.54. (a) Entropy threshold image (FGE) Fig 454, (b) Entropy threshold imape (BGH)

0.



A4 Inverted Cavity with Metal Plate Buried at 8 ¢m Depth o this iteration the

trinngulor plate und cavity buried subsurfoce at the depth of 8 cmoand data collection s

carvied out in T ortentation, the received power lies in the ranpe of - THAY 0 1788 dBm,

he preprocessed normalized plot shown in Fig, 4550 indicates the presence ol single sharp

penk.
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Fhis normalized image s then convoluted 1o minimize the effect ol neighboring
pixels as o process of image enhancement. I the convoluted fmumge s seon in Fig 4500 we
are able to view o prominent group ol pixels

Filtering is carvied out to improve the trget pixel improvement. The columnwise
(ltered fmage about the mean and the median filters are used. The two filtered imapes are
shown in Fig. 457 (), (b). Observing the convoluted and fHtered images it can be noticed

that the boundary pixels inthe reglon of the bright cluster has been enhanced.
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Fig. 457 () Column filtered image. Fig. 4.57. (h) Median filterod image
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Fhe range values of the convoluted fmage ranges trom 065 while that for filtered
images range from 0-5.5 ax can be viewed from the colour bar in the image plots, Thus
ftered images are enhanced and are ready for the setting and application of the threshold in

the next stage of Image processing,
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Fig, 458 () Otsu threshold imape (FG). Fips 458, (b) Otsa threshold imape (BCH)

Fhe threshold s then applied (o the seprepate the PGP highlighting the cavity and
metal plate. The detection level for Ot and  Eotropy  threshold s 03804 and 0.5965
respectively, The detection accurncy ol S7.5% and 40% with FAR of 34 14% and 3.315%,
were achieved for respective threshold, T can be seen that only 8 of the 20 pixels ol the

cuvity are detected with Otsu threshold. An additional eluster of pixels iy formed which has

levels between the metal plate and the cavity.

Frtenpy Theashnided image(f GF)

BOapy THhissnaitsl inegemnr

[HRIRe8 10 X Dl ection Fnstaniee i K Direebinn

Fig, 4.59.(0) Entropy threshold imape (FGE) Fip, 4.59.(b) Entropy threshold imape (13CH7)
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No pixel ol the cavity s detected in the Entropy threshold FGE however we can
dotect the metal plate in the FGP in Entropy threshold image Fig, 416, (0). Also seen in the
former imape i o cluster of yellow pixels which s o false alaem, 10is seen that the detection
accurncy ot the grenter depth has reduced for the cavity as well s the metal plate while the

FAR has incrensed.

4008 Inverted Cavity with Trinngular Metal Plate Burvied ot ¥ cm Depth In this
ferntion the triangulor plate and cavity buried subsurtuce at the depth ol B cmoand data
collection s carvied out VV orientation of the antennn as piven in Ser No 15 ol Table 4.1, On
being calibrated and normalized the backscattored data indicates in Figo 459 0 high peak

with another lesser dimensioned peaks

Lnnvelited imags

Normalzed image

[ [ \ ,h " )
[ 'f/,)/ Wy .. / vy ¥
1" yy N 3 / \
\ . | / .« 11
| ) Iy y )
Distanoe n ) 10 Distanue
from Y axin ' ) 0 from X anls
" I ih i
Olstanue in X Direstiun
Fip, 460, Normalized 30 plot g, 4.0 Convoluted imape

Convolution s carvied out next in the processing sequence. The only  discernible
information from Fig 4600 i that the bright red coloured cluster of pixels might be that ol
the metal plate for it high reflectivity. To enhance the target data the convoluted imape ix
then filtered with both the technigues as shown in Fige 461 (a), (b). The range of values in
ciase ol filtered images has dropped o 025 o 0-6 of the convoluted image plot when the
convoluted and filtered image plots are compared. Thus the filtered images are ready for the
next stape of imape processing where the threshold will be caleatated and detection carried

oult

OHh



Gt Fibered mage shoul Mesn Medinn Filterad insge

| 1] " | |
EHutarinm i X Dirmnbion FHRtanes I W ilisetionn

Fig 462 () Colummn filtered imagpe. P 462, (h) Median filterod image

With the Otsu threshold image 287 pixels are detected as against 44 actual pixels (20
for the cavity and 24 tor the plate). DA of 1T00% and FAIR of 46,1 % has been achieved for
Otsu Threshold, Both the metal plate and cavity pixels have been detected but due to high
FAR s dithicult (o segregate the cavity pixels from the neighbors, Only 11 pixels have
been detected in Entropy threshold giving o DA ol 20% with FAR ol 0.56% The cavity
phxels have totally been suppressod due to high threshold value, TEcan be seen that as the DA
i neroasing the FAR i also inereasing,

N L] e
O THeRholded image(r ) Wi Threshinided image(RGF)

] Ul " | ' )

istanesinn Imn‘!mn Dintancs n x llllm‘llnn
Fipg 468 () Otsu threshold fmage (1P, g .08, (h) Otsu threshold image (11GHY)

OO



holded | op
Frdepry Thrashintda image(l OF) Eitrupy Thieshiolded linage(BoF)

1 | | I ! I
) ! 1 )
FHsbarem i m birmetinn Pistanes I ¥ Dlieotion

i, 4.6, (o) Entropy threshold image (1GEY P 4,04, (b) Fontropy threshold imape
) | } } (k) }
(G,

AL the depth of Bem the cavity has not been detected in the fteration with the square
plate. Tlowever in LI ortentation for the teiangular plite buried with the cavity 7 pixels ol
the cavity were visible: However we can safely elaim that the chances ol detection ot the

Covity at this depth are remote,

Also while using the Otsa threshold, the DA has dropped when compared to previous
depths but FAR have increased. The DA and FPAR Tor Entropy threshold are Tow ax can be
seen from the datacin Table 4.4

The recetved power levels and statistics involved with the threshold image have been

tbulwted in Table 4.4 helow
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4.2 Results for the Experimental Work at C-hand

Fhe experimentation in the Coband was corvied out using the cavity buried ot three

different depthys in FHE polarizations with square and teimngular metal plate, 1t may be

noted that as the antennn is placed ot 40 cmabove the sand surface the reflected power

lovels nre stronger due to which the range of signal power i limited (o within | dBm of

power unlike the X-band case. The details of observations carvied out in C-band and the

subsections under which the analysts s carvled out @5 given in table 4.5

0,

4. 2.0 Inverted Cavity with Square Metal Plate Buried at 2 ¢m Depth

Fable 4.5 Details of analysis and subsection at C-band.

Polarization
I Cavity
1] Cavily
I Cavity
I Cavily
[ Cavity
Il Clavily

Huried Object

with square plate
with trinnpular plate
with square plate
wilth triangulor plate
with square plate

with teinnpular plate

Depth Frequency | Subsection
2em O Cilly 4.2.1
2oem O Cilly 4.2.2
5em GO Gl 1,23
Sem O Cilly 1.2
10 em O Cilly 1.2.5
10 cm O CGilly 1.2.06

I he cavity and

metal plate Gine this instance square plate) were buried at the depth of 2 cm oand the

observations are carvied out with I polarization. The processing hoas been carried out ax

piven in the flow chart in Fig. 3.7, On completion of the preprocessing the normalized

plot b obtained and shown in Fig. 404, Two peaks of difforent intensition are observed in

Narmalined Image

A/ AR |\ {
| \'\w/ ” \\\\\\L"' i
: \ ‘ \\*‘ﬂg\l‘//u "/'
Dietenes In | ) - f"\,\’,“///

Y Dhinctign 11
0

"

I
I Distanue In
K Dhwietion

Fig. .65 Normalized 3D plot,

HY

Convoluted Imnge

n 1L

Dintance In X Direction

i, 4,66, Convoluted imaoge,



the figure indicating the presence ol cavily and metal plates Asoaresult ol highe
reflectivity the metal plate should Tave the higher peak while the lower peak should be
representing the cavity. To analyze the datw more critically Turther processing: has heen
carried oul

Ihe normalized dat s then convoluted s deseribed in section 3.2.2 o minimize
the offect of nefghboring pixels on pisel steength with the simifar 3« 3 convolution
kernel. In convoluted imape seen in Fig. 4,05, the higher intensity variation can be casdly

identified but it is ditficult to infer the kind of target,
Column Filterad Image about Menn Median Filtered Imnge

ce 1 Y Jrechon

1] h 1 I Al

Distance In X Direction ‘ Dintance In X Direction
Fig, .07, () Column Biltered image Fip. 467 (hy Medinn filtered g

Filtering 15 carvied out to improve the target pisxel improvement. The columnwise
filtered fmage about the mean and the medinn fees aro wsed. The two fiftered imapes are
shown in Fig .67, (), (b, The smoothening of the convoluted data has taken place
while the pixel range values in filtered image have dropped from a range of O-8 from 0-9
as inoease ol the convoluted fmage. Thus the filtered image 15 rendy for further
pProcessing

Fhreshold bs then applied o the filtered image by using the Otsaand Entropy
threshold techmique: While using the Otsu thieshold (threshold Tevel of 0.3725), ux seen
in Fig 428 (), two prominent regions have been identified in the PG with 1/ pIxels
accurntely for the cavity and 34 for the metal plate o achiove o defection acenraey ol

O G9% with o FAR ol 836",

/0



PR TR RRBIned Imager ) LR THORNOIaed ImBge (o)

Hstanes I W Dilisation FHstanos I X Disotion

P, 468, (o) Otsa threshold (1GE). i 468, () Otsu threshold (BGHP).

While using the Entropy threshold techniqgue, the value of threshold s set hiph ot
o figure o OO T4 due to which only the 16 pixels of metal plate are observed in the FGP
nsseen in Fige 4290 (o) to achieve o DA of 28.57% and o false alarm of 0% as no pixel iy
fulsely dotected, However such o high threshold fovel masks the detection of the cavity

which is undesivable. However the cavity is visible in the BGEP imape

iy Threshulded image(nar)
Frtrupy Threshulved image il GF)

W ' EHstanes 1 ¥ Dlveotion
Catmrree i X Dirsebion

Fig. 4.69. (0) Entropy threshold (G, i, .69, () Entropy threshold (BCiY)
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4.2.2 Inverted Cavity with ‘Teiangular Metal Plate Buriod at 2 em Depth The cavity
and triangular metal plate were buried at the depth of 2 cmeoand the observations are

carried out with HEL polarization as mentioned in Ser No 2 of Table 4.5

Convaluled lmages

Normalized hnage .
N
|
ﬂ |
Hnn \
3 "
nI\l ’/ ‘ ) \ : *
04 [ LA (S
E { {0 “x y » """l'wl‘ “" L\\l
[ \x“ | (8}
‘,' .Iv \ ! o h
I’I \'M oA
! VAR { |
Distance W Distance
from Y axis ) , ‘ from X anis ! M in " X m
0" Distanoe In X Diresliun
Fig. 470, Normalized 3D plot, Fig. 471 Convoluted imape

Fhe resultant ol the preprocessed image after calibration and normalization ix
shown in Fig. 4700 which points towards two bright repgions indicating the presence ol
ety However definite information about the target cannot be inferred at this stape
I'he normalized image s then subjected (o the next level of processing in the sequence,

I'he convolution is carvied out using the 3« 3 convolution kernel The image plot
ol the convoluted fmage shown in Fig 4710 shows three elusters of which one is towards
higher range while two clusters are in the lower range. The convoluted image is in the
ranpe ol O-8 in this cose.

o achieve desired target information from this data set the process ol filtration iy
carvied out uging the two techniques. From the Gltered imape plots seen in Fipe 4720 (n),
(h) it can be seen that the third group of preen coloured pixels have been elevated to level
close to that of the second group which might be the cavity pixels. Thos the filtered
s are ready Tor the next stuge of imape processing where inthe threshold level will

be set and compared (o that of filtered image o carry out detection



Column Fitered lmnge about Mean Median Filtered limage
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b
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E n 1
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Distanos In X Direstion Diwtunos In X Dirsotion
Fig, 4.72. (0) Column filtered image. g, 4,72, (b) Median filtered image

On application of the Ot technigue threshold Tevel of 03412, 232 pixels were
detected in Otsu technigue nchieving the DA of 97.73% with o FAR of 35 32%, Similarly

with Entropy threshold of 0.6629, only 20 pixels are detected to provide o DA ol 45.45%

Lt}
and FAR of 1.88%. Thus both the cavity and the metal plate have been detected with
rensonable nccurncy using the Ot technique while the metal plate s easily detected in
FOP image of entropy technlgue but cavity con be found in the BBGE fmage s can be
woeen in Fig, 4.74, (h)

Ohmns Thrsabhalded mnge(r OF) A Phrsahiniied Imageiiae)
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1251
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I
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Dhwtmrras by X Diranbinn
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P, 473, (o) Otsa threshold (FCHY). Fip, 473 () Ot threshold (3G,
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Fitropy Thueshulded limage(t 017)

Emtmrine i K Direabinn

Fi, 74, () Entropy threshold (G

4.2.3 Inverted Cavity with Squarve Metal Plate Borled ot S em Depth

maetal plaote G this instanee square plate) were buried at the depth ol

Erteupy Threshulded image(bian

]
] i
= e
il

1 ’ "
Dhiwbanies b M Dieetion

Fig, 4. 74 (b) Entropy  threshold (BCi7)

I'he cavity and

“

voem and the

observations are carvied out with FHEE polactzation. The processing has beon carried out oy

plven in the How chart in Fig

plot is obtained and shown in Fig

.75,

V70 On completion of the preprocessing the normalized

F'wo penks con be clearly seen ol which the

higher peak would be for maetal plate for it better reflectivity

"
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Natmunlined Image
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i, 475 Normalized 3D plot,
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Column Flitered Image about Menn Maedinn Filtered Imnge
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Fig, 477 (o) Column fhered imape. P 477, () Median filtered imagpe.

he next step involves convolution for enhancement of the filtered imape. The
convoluted imaoge Flg, 476, also indicates o high intensity variation but it s ditticult to
inder the tueget. The next step ol imape enhancement s Blteing in which the two filters
are applicd. The fltered images Fige 477 (o), (b) Indicate two clear cluster ol pixels,

On applying the threshold we can see from the Figo 438 () that using Otxu
technique (threshold level of 043 14) the cavity and metal plate have been detected with

DA of 70.43% and PAR ol 10,96,

CHML Thresholded inmge(rur) CHau Threshuied image(ar)
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Fip, 478 (o) Otsu threshold (1GH?) Fig. A4 78, (b) Otsu threshold (181G
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[However with entropy level at 0.2429 total 289 pixels were detected as can be
seen i i 4 34 ) Besides cavity and metal plate another region of pixels huy been
detected which fs o false alaem, The DA of 98 21% with FAR ol 44.49% {5 achieved with

Entropy threshold, Such o high level of FAR s due to o very low threshold value

Frstrnpy Threshulded image(rOF) Witropy Thissholded mage(Mmr)

|
o0 : 3 .
; o

4 1

A 1"

’ lll-;:lu einn lmu‘llnn . ‘ ‘ i h " " A

iwtanue in X Diresbivn
P 79.(0) Entropy threshold (1GIY) Fig. A4.79.(h) Entropy threshold (18GHY)

A.2.4 Inverted Cavity with ‘Telangulnre Metal Plate Barvied ot S ¢m Depth  The cavity
and triangular metal plate were buried at the depth ol 5 ¢ oand the observations are
carvied out with HHE polarization as mentioned in Ser No a4 ol Table 4.5

Convaluted Image

Nutimallzed linage

i;” | \ 1 )
" ’, ' L)
'v 1]
5 1l il
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" A\ !
hnm.V‘.::O'b i W Distance -
from X axin L 1 m 1 m "
0 Dintance In X Direction
i, 480 Normualized 30 plot Fig., 481 Convoluted imape
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Ihis image b5 preprocessed by calibrating with the metal plate reading and
normalization for which the 3-D plot s piven in Figo 4800 Two higher intensity reglons
can be seen i this plot o this image the higher intensity variation s seen but it ix
ditticult to infer the kind of tarpet.

Ihis normalized image 15 then convoluted to minimize the effect of neighboring
phxels as o process of image enhancement, In the convoluted imape as seenin Fip, 481,
we are able to view two prominent groups ol pixels.

Column Filtered image about Mean Median Fillered limaye
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Fip, 82 00) Column flered image Fig. 482 (h) Median filtered image

Filtering s carvied out to improve the target pixel improvement. The columnwise
filtered image about the mean and the median filters are used. The two filtered imapes are

shown in Fig 482, (), (b). The dimages are now ready for the threshold and detection.

Ohmts hresholded inmge(r oy Cw Thrashimioe o imape(iar)

v mcher

-
H I‘ lll.;;;m LIRS llluul;lnn : ‘ - |'|l":l|l tink l'lt'::‘lllll .
Pl 83 (0) Otsu threshold (FGH) Fig, 483 (b)) Otsu threshold (B3GP).
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Pastropy hrashinided image(f GF) Fitrupy Threshiolded linnge(or)

Ehwtanes iy o Hlisetion Ewtanne in K irestinn

Fig, 484 () Entropy threshold (1) Fig, 484 () Entropy threshold (BGP),

Ihe threshold s oset bused on Ot and Entropy technigques which are set at 0.3569
and 03255 respectively. A total of 330 and 370 pixels were detected in Otsa and Fntropy
threshold giving the DA T00%, in both cases and FAIR of S31.95% and 6 1% 10 can be seen
clearly that both the cavity and the metal plate ot this depth have been detected and

distinguished but very high false alarm rates have been obtained

4.2.5 Inverted Cavity with Squnre Metal Plate Buried at 10 em Depth The cavity and
metal plate Gin this instanee square plate) were burled at the depth of 1O cm and the

observations are carvied out with I polarization

Convoluted Image

Narmaliaed limaye
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Diwtanee in X Direotion

Fig. 4 85 Normalized 3D plot. i 486, Convoluted imnge.
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['he processing has been carvied out ax piven in the Tow chart in Fig, 3.7 On

completion ol the preprocessing the normalized plot s obtained and shown in Fip. 485,

which indicates the presence of one sharp and few relatively Tow peaks

I'his normalized imape s then convoluted (o minimize the effect ol neipghboring

pixels as o process ol image enhancement. I the convoluted fmuage as seen in P, 4,860,

we are able to view one prominent group ol pixels and few more pixels The image s

now ready for enhancement by filtering. The two filters are applhied and fmages obtained

ng seen in Fig. 487, (n), (h)

Column Filered Image about Mean

i T i i "
Dintance In X Direction

Fig, 487, (o) Column filtered image,

Chmut Threshulsiesd image(r GF)

i il " i "
Olwtarine in X Diresbiun

Fip. 4 88 () Otsu theeshold (RGP,

Medinn Fiitered Imnge
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Dintunae In X Direction

g, 487 (b) Median tiltered image,

CHen Threshuided imags (k)

h
EHwtanine In K Eireetinn

P, A RE (D) Otso threeshold (B3GP).
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Botrnpy Threshisided image(rar) Firopy Thresholded inage(Bonr)

\ \ " L
EIRIRnes In wiireenan iwtariue in X Diresbivn

Fig. 489 (n) Entropy threshold (1Y) Fig, 489 (h) Entropy threshold (18GH)

Ihe threshold s set based on Otsa and Entropy technigues which are set at 0,399.2
and 05845 rospectively. 1 ean be elearly seen from Fig, 488 (0) and Fig. 4890 () and
threshold levels so obtained that entropy threshold technigue is more stringent. A tolnl of
261 and S8 pixels wore detected in Ot and Entropy threshold piving the DA ol 96.43%
and 62.5% and FAR of 42.96% and 4. 37%. 1t can be seen clenrly that both the cavity and
the metal plate at this depth have been detected and distinguished with reasonably high

necurney using Otso technigue.

A4.2.0 tnverted Cavity with Trinngulne Metal Plnte Buried ot 10 cm Depth The cavity
and metal plate (i this instanee trinngular plate) were buried at the depth ol 1O cmand

the observations are carvied out with THT polarization,

Fhis image is preprocessed by calibrating with the metal plate roading and
normalization for which the 30 plot s given in Figo 489 Twao higher intensity repions
can be ween in this plot o this imape the Bigher ntensity variation s seen but it s

dHFTeutt o inder the Kind ol target
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Fig, 490, Normalized 30 plot Fig, 491 Convoluted fmaoge.

Fhis normalized image s then convoluted (o minimize the effect of neighboring
pixels ag o process of imape enhancement, In the convoluted image s seen in Fig, 4,91,
we are able to view a prominent group ol pixel.

Fo enhance the imape further the two filtering techniques have boon applied. The
Frltered images have been shown in Fig, 4920 (), (b) are again tying in the ranpe of 0-8

Fhe images are now ready Tor the threshold and detection

Column Filtered Image about Mean Medinn Flitered Imnge
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P 920 (o) Columm filtered imape. Fig, 492 (h) Median filtered image
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On applying Otsu threshold technique the cavity and metal plate are visible in
FOG as seen in Figo 493, (a), with threshold Tevel set at 0.3922 0 total of 95 pixels were

detected with DA of 86.37% and FAR of 10,77%. For the high level entropy threshold set

at O.71088, only 22 pixels, in the reglon of metal plate, were detected with DA of 30% and
A R

|/\ R l A()‘)‘,"n.

Ot Thieshulded Imnya(FoF) OV Threshmisied Imuge(nie)

" ] I:t " 1 | L I;I L] :\
LIRIRNGS In X Dirsction Dintarium in K Dlrenbinn

Fig, 495, (0) Otsu threshold (FGP), i, 493 (h) Otsu threshold (G

Frbenpry Threshulded Image(Far) Wty THEORHOlded Imagenom

1] L] " Ih "
0" | | | | )
1] W | A | Oiwtarinn in X Dirantinn
Dstunos n ¥ Disation

Fig, 4,94, (0) Entropy threshold (PGP, i, 4,94, () Entropy threshold (13CH?Y)
P I

On applying Entropy thresholding the metal plate is detected in PO as seen in

Fig, 4,94, () while the cavity is visible in BGE in Fig, 4.94, (b). The recelved powet
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uspe TET eanvolvial with 1he thieshold imaee beve been tabulated in Table 4.0
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4.3 Comparisen of the Results at X aml C-Faumly

* CPhe cavity and metal objects are bt detected #f C=Ferd sl depths greator thurt 5
visavia the X-band. ‘The paaks for thi: backscattarad power Toe the buried objects see mor
pronouiced in the O band. 'Lhig ¢an be obiervad by comnparing the normalized g u
shown In the previous subsactiops. The detection of cavity beyvond 8 em using X-buinl
frequency i unoetain. It can by scen dn lable 4.4 that thare is o reduction in e DA and
rize 11 the FAR whan analyvzing the Jdita at § cm.

*  Althonph the surface hax boeen levelad and hopl dry, it ettec 1% o l”””'-""r"c't‘:l al
higher r":."]uem:'y as disenmnd in Chapter 20 Thia cllior can be vicwasd (v the raw
image obmamned Al e O aod Xeband, Since the lowe wavelenplh b rmore respansive o
murfuee loval wie can soen o more spremd o piseloin X band raw THHTVAERY saviy the C-
boid images, This wpread can be abivibuled w the surfes fovel which 15 fregquency

Tensitive,

d.4 IMzcussion of Results
v TRetier meiualia wers oblained with the O byl reanlings as the lower Iregue oy wavies

achivve helur result, Another innpwaitant factor involved 15 that the anenog in this case
war rmuch cloger to the gurihee than the X-bamd, The cavily was halla vizibla in ihe: (-
harmd se T Deen diseyussd I,”_.vh-”_m[}f. The: uavily has baen defeened with regeonubic
ueeurney LS om depih in N-band. owever i ¥ om depth the cavity was mol deleeted
Wwilh cunnplete acouracy ux oinly half the: numbers of tota] piscls were deteciad Tn (:-band
the detection were reasonahla peeyraie 111 10 cm doplh
*  As the threghold value reduces the number of piscly detected on avenage mergsses
thurchy inereaxing the false slanm, Usually the O threshold valuge i e lower i
thas walyes (o the E'ﬂ'v'it}’ dues 1o wlhieh addiiional pisels arg sien ul Lo dEI:rthS, honwever
2% U dupth increascy the rellections from the cavity redoee and hence fall below the
threahold. Eatropy throshold on the other hand enforcas o hipher thireshald lovel due to
which 1he metal plaie pixcls are detecied but the cavily piscly get supprossd und are not
detected, aspecially s ihe depth ineresss,

At ¥ em depth in X band it huy been obggrvad that for the Ol thresheld, the

dutection accurscy snd talse alarm e HH in both Lypes of meta] platg is lowar than



VV orieplation. similarly fin Fatropy throshokd ulao the detection scearacy for 117 i
lrwer than the VY oricniation in both (e easoes.

v Sing: the metal bax buller retlectivity ils rotuins were highest s hence the mutal plae
wai gyl datectad practically ot all Tovels,

* The detection securncics are higher in VYV ontentations than the HIL aricnistion s lag

been phaerved, TTowever in some casey the FAR Dave also boeen higher,

Réi



CITAPTER 5

Conclugsion unild Fulure Heope for Work

The work garicd oat in this disserition was aimed 1o deweet the shallow Dol
Sulpan face cavity. For this purposs, @ bos shaped cavily open (rom one snd wax (onned
using w0l with alinest similar constilutive parameters s wand. This cavity was burled
mverted inowand at different depths and using the scotterometor sppeowsch the
backscativred power a differen depths was observead, To add to the compledity metdl
plate of ditterant shapes wore ulae buried at (he: <ome depth az the cavily in e viginity of
the eavity. 'The backscallured powers were munsweed at two differna trequencics in X
urel Cabund. This raw backacottersd power duta was calibeated and normaliced sl
simiple algorithm was duveloped using ehnigaes used in imape processing, The spmiil
domain filtaring was waded out to minimizc noise amd wo Heeshold technigqus were
used to et o throshold level for the dulestion ot cavity and the metal abject horicd Lesldes
It. It 15 observixl 1o the E.‘.\Vil}f aned il ﬁll‘.\‘ti.'\ cuan hoe deteetad topether Hlll—'llll'ﬁﬁfll“}"
with MILS by uring, Awitable imeape urulysis approsch. Mullitrequeney obscrvation s o
good choice whure we can gel complinentary infiormation of the cavily i ke deteclion
of cavity will hu inoie accural: in C-band while the arsa of the eavity will be mor
dccurate 111 the: K-bund, Polarimatric anolysis hax been carriad oul in like polarization and
i hag been found that polarization can play an importani role onee the surlbc oot

=rmialh,

5.1 Future Svopes  The work in this dissertation was carried oul with wingle cavily  An
the deteciiom ix pudalble (he RHETHY of the wvxercise can he incieased {o diffem
dimensions aml shapes of the cavity, This work cun be exlendad tor different s loce

rougrhnees smd qodl moisiyre condition which ean be similar 10 the exact fis)d comditions.
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