-1- 4D UWB RADAR | NSPECTI ON METHOD AND SYSTEM TECHNI CAL FI ELD 5 The
present invention relates to a radar inspection nmethod and systemand in
particular, to a method and system for tinme-dependent inspection by ultra
wi de band (UWB) ground penetrating radar technol ogy. 10 BACKGROUND Ground
penetrating radar (GPR) technol ogy has heen used for detection of

under ground het er ogeneous obj ects such @ pipelines, vessels, cables,
tunnel s and various types of subsurface cavities. Wile conventional GPR

met hod i s capable o ‘ilﬁﬁﬁ ' I;Eﬁ)ﬁ%ﬁ?ﬂfher [ f such objects,
it lacks solution f%l? re %ﬁ%ﬁaﬁ&%e Icren |}2§%e‘%:lﬁ‘lbg§r¥an determ nation

of the variance of such objects over tine. This is particularly the case
where the structure and/or the properties of the objects are slowy and
progressively changed over a relatively |onger period of time. Such types
of changesydNdAISERIIGS Voi ds, cracks or water-| eaking under highways or
airport runways, may potentially lead to final 20 failure of the
construction. It would be desirable to provide a nethod and systemfor the
i nspection of jects to determ ne whether the size, position, terial
conposi tion an@%?reé‘?lﬁé‘i“’eﬁﬁ%fe&%ﬁs/ O %rdPSpﬁF%‘Hb‘F‘F'i%QQ a’é$é‘/5£q‘i‘éﬁ ® over

time. SucPa@ciiBt, ROS nRBbISHALSHLASE: t@xﬂéﬂ@;{%ﬂ&nt‘iﬁ@é@iié@p} GltradwietMMRRY OF THE
| NVENTI I n one aspect, enbodi nents of the present 1nvention provide a

met hod f ofU Wil geeundmgnetrativigjradar téohn@)By f our - di mensi onal (4D) radar
technology. An initial location of the object in a three-dinensional
coordi nate systemis determned. A first three- 30di nensional profile is
obt abned BalOKESRONNINGg to a first instant and a second three-

Ground penetrating radar (GPR) technology has been used for detection of
underground heterogeneous objects such as pipelines, vessels, cables, tunnels and various
types of subsurface cavities. While conventional GPR method is capable of detecting the

15 presence and location of such objects, it lacks solution for reliable and efficient inspection
and determination of the variance of such objects over time. This is particularly the case
where the structure and/or the properties of the objects are slowly and progressively
changed over a relatively longer period of time. Such types of changes, for instance voids,
cracks or water-leaking under highways or airport runways, may potentially lead to final

20 failure of the construction. It would be desirable to provide a method and system for the
inspection of objects to determine whether the size, position, material composition and/or
other physical/chemical properties are changed over time. Such a method and system are

currently unavailable.
25 SUMMARY OF THE INVENTION

In one aspect, embodiments of the present invention provide a method for
inspecting an object by UWB four-dimensional (4D) radar technology. An initial location
of the object in a three-dimensional coordinate system is determined. A first three-

30 dimensional profile is obtained corresponding to a first instant and a second three-
dimensional profile is obtained corresponding to a subsequent second instant to generate a

four-dimensional profile of the object. The first and the second three-dimensional profiles



di rensional profile is obtained corresponding to a subsequent second
instant to generate a four-dinensional profile of the object. The first and
t he second three-dinensional profiles -2- in the four-dinensional profile
are conpared and a variance of the object over the tinme period fromthe
first instant to the second instant can_be determ ned. The first three

di nensi onal profile or second three di rensi onal profile may include
5physical and / or chem cal properties of the object e.g. the

t hr ee- di nepsi QSi.1 1 or di natlo of t

coor di nat & 0 ORISR B b ek B s e R The oetBnfle bk o (i e
factor repegsEfRdinnbe ﬁﬁemfsmuftcohhasdmﬁ@mfant edh bl dderbligd. axi s. Variance of

t he object therefore includes situations such as change of positions,

change of shape and size or a conbination of these changes in the

three-di mensi opgl eoQl L A3lS 51%9??7‘(%1%@ 2080y %e# H@hetélisigﬁ?lg)géﬁ@qne[yr ﬁ@i‘uﬁ@e

first instant to the second Ins ariance o

i ncl gde cpmyngml mid /fmtohema:lal pmpmss of hosbreee.g the thicowlipedsicad] position | n
anot her as ﬂ ngnts of present invention provide a systemfor
i nspectin 5 na%% thebieHEn A8 d '?é@‘i’?ﬁ&a&?‘gﬁ}sw*fhéhes%b%l?eeﬁ%z?ﬁﬁqi GeBBOsiion
antenna apf @y oEjéEt Al i REHCRE r%ﬂ%ée‘hﬁﬁ {&%ﬁrﬂ%%&'slohq\é’a{h%g@ha )j ect in a

t hr ee- di nensi onal coordi nate system ahd receiving reflecte ar signa

fromthe Hbylm of ghrechbgectt &d:aﬁrfmterladsém swtuatg;nsdaﬂaaMn%@ﬁ mgitians, chemgerad] | i ng
unit coupl.ed to,t.he ante radar ,trans vin dat rocessi ng
and cont r SPE A AT o STRE B insse e RadES R A bR BBl of t he
obj aot at sydtehi fiff ovedSeaithe p&icERANdhd firseRs@hiMBARE &3hd Bi@hL. | Ra@inct B obj ect
at a second instant based on 20the emtted radar signals and the reflected

radar si gialobicst ganalsatncludefchangediimpaieiial samppsitpny evepthettivee pdsjaslet , and to
conpare the first and second three-dinensional profiles in the
four-di mensional profile to determ ne a variance of the object fromthe

first instant Inanbter S@ﬁﬁﬂ&nbtﬁkﬁhﬁﬁts of 2ePrbsit AspRtdnspratide adyaanhdges of the
present invention Qne apparent fromthe faoll ow ng detail ed

descri pt i @specting ﬁ%mﬂ’lﬁ?ﬁ bﬁ{SUW)B TREYT sehnelogyp | Thesydeninepdssid aplsmasirapfort he

pregent i nveRh ORitted radar signal towards an object in a three-dimensional coordinate system
and receiving reflected radar signal from the object, and a radar transceiving, data
processing and controlling unit coupled to the antenna array. The radar transceiving, data
processing and controlling unit is to obtain a first three-dimensional profile of the object at
a first instant, a second three-dimensional profile of the object at a second instant based on

20 the emitted radar signals and the reflected radar signal to generate a four-dimensional

profile of the object, and to compare the first and second three-dimensional profiles in the
four-dimensional profile to determine a variance of the object from the first instant to the

second instant.

25 Other aspects and advantages of the present invention will become apparent from
the following detailed description, illustrating by way of example the inventive concept of

the present invention.



- 3- BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her aspects of the
present invention will be described in detail with reference to the
acconpanyi ng drawi ngs, in which: 5 Fig. 1 is a schematic diagram
showi ng a radar inspection system according to one enbodi nent of the
present invention; Fig. 2 L%Ua schemati c di agram show ng t he
radar inspection systemof Fig. 1 when carrying out a detection

operati on; Fig. 3 is a schematic diagram showi ng a set up of an

i nspectio 'ﬁﬁ$é§¥? | Lment of the present invention;
15Fig. 4 ?%ﬁgﬁsc ena ?@9§?g%?g%fgﬁévnﬁ§§§n i nspection result fromthe
nmethod illustrated in Fig. 3; Fig. 5is a schematic diagram show ng a

set up of an inspection nethod and result according to another enbodi nent
of the present Ihesgantjofier aspgets of the prpsgnt wvprfion witlHErdessribediimgetaihvatiowi ng a
set up of i I >0l di £p. a further enbodi ment of the
present iﬁ%@ﬁ??@%?&;&%Bnﬁﬁﬁﬁggd%&§%&7h?§hgﬂschenatic di agram showi ng t he
posi i onal changes of an object based on 25the inspection nmethod shown in

Fig. 6 and vieping.fromthe X-Y plane;. Fig. 8 is a schematic diagram
showi ng t he poﬁk%?6%%f§%H§H§Q?gHW1gﬁ“ﬂﬁ¥éé¥h55§gﬁnﬁﬁsfﬁ@n@ﬁ§§ ©0Ei'®AN%ret hod

shown in EhBodifieAI6E tHe BAAA idvefidd;ne X-Z plane;  _4_

Fig. 2 is a schematic diagram showing the radar inspection system of Fig. 1 when

10 carrying out a detection operation;

Fig. 3 is a schematic diagram showing a set up of an inspection method according

to one embodiment of the present invention;

15 Fig. 4 is a schematic diagram showing an inspection result from the method

illustrated in Fig. 3;

Fig. 5 is a schematic diagram showing a set up of an inspection method and result
according to another embodiment of the present invention;
20
Fig. 6 is a schematic diagram showing a set up of an inspection method according

to a further embodiment of the present invention;

Fig. 7 is a schematic diagram showing the positional changes of an object based on

25 the inspection method shown in Fig. 6 and viewing from the X-Y plane;

Fig. 8 is a schematic diagram showing the positional changes of an object based on

the inspection method shown in Fig. 6 and viewing from the X-Z plane;

30 Fig. 9 is a schematic diagram showing the positional changes of an object based on

the inspection method shown in Fig. 6 and viewing from the Y-Z plane.



Figs. 10 to 12 are schematic di agrans show ng radar inspection nethods
according further enbodi nents of the present invention. DETAILED
DESCRI PTI ON OF PREFERRED EMBODI MENTS 5 As shown in Fig. 1, a radar

i nspection system according to one enbodi nent of the present invention

i ncludes a radar transceiving, data processing and controlling unit 80
coupled to an antenna array 70 and a dréﬁlay screen 90. Antenna array 70
includes a plurality of antenna units 72 arranged along X and Y direction
to forma matrix, f 10 the antenna.uni.ts . be confiqured as,radar
i gnal eni ¢ er " OBne Serar e TERER RS TS p el S Ruihd

si gnal reé@theeembadimeasriftiad prgscmofivesfidred by radar transceiving, data
processing and controlling unit 80. Alternatively, each individual antenna
unit 72 may be configured to performboth the radar signal emtting and

recei vi ng Ei;mg [ pﬂg} 'ﬁ@%fkﬁ'mﬁ@ SA8¥¢ ng, data processing
and contr([)jl( m%ﬁ?r??}tzgggl 1 N O 0 car??%%@nspeié i on operation, as

showd in Fig. 2, the radar inspection systemis brought on site over a
sel ected area fstsground surface 100 and wth antepnna array 70, placed in

cl ose proximt OWR HURE L ledidnssetionsysteniepcpiiing togng saibodiment pbthep e n

directed phRsHA%ShhbPHBNLAIGE QvEr BMLEG Rl @a bRicOsshipeandNdaE-08aL hinfiigea.  Wen
emtted radar 20signals 74 reach a heterogeneous obj ect under "the ground

surface 16@plesl tg.an@bjeana artayad0 sitbadisplay Firgen 90. Asteherarery Hhideludsi gnal s 76

ill b t t the.bagundary .of heter eous object 1, .returned back
through CRARLERaRtRRiE 74 G6h ek ondck R SrOERSy Ak ER naturS Sk
r ecaovi ngthdantesn®fnidnthenbec@ifigayed 3 rady sifal ddittbbaddnSnehAk@GhR&hhs hhigs of

the emtted radar_signals 74 and reflected radar signals 76, e.g. the
f r equencyMaxkpronfignscd as radar spmiat receiver, pi sentrdly contaelips! byt tadar trins¢edying.ocat i on

and depth I i . e-. di i dibpnat e

yst em 1015 BRELELRGERTOH ML Gk 80, W e AL e R R V2
and under gap ba donfpuekid togrrfotrhdothethe raige sigeal enibingaihd reyivie functi®te ahar m of a
void, a cavity, crack, a buried substance of 30 diff%rent materi al than
the eart h‘,’onérﬁﬁﬁd g%raélabfr%,celé{mgt P PERSESSHIE adOonirRiEng AR 8fet er ogeneous

obj ggt may al so be a portion of the sane surrounding material but of

di fferent physical and/or chem cal properties. For exanple, such types of
het er ogeneous To arry out inspection operation, as shown in Fig. 2, the radar inspection system

is brought on site over a selected area of ground surface 100 and with antenna array 70
placed in close proximity to ground surface 100. Emitted radar signals 74 are then
directed to pass through ground surface 100 into the underneath area. When emitted radar
20 signals 74 reach a heterogeneous object under the ground surface 100, e.g. object 1 as
shown in Fig. 2, reflected radar signals 76 will be generated at the boundary of
heterogeneous object 1, returned back through the ground surface 100, and are received by
the radar signal receiving units of antenna array 70. By analyzing the characteristics of the
emitted radar signals 74 and reflected radar signals 76, e.g. the frequency, amplitude, time,
25 etc., a presence status, the initial location and depth of heterogeneous object 1 in a three-

dimensional coordinate system 1010 can be determined.

Depending on the actual environment and underground condition, the
heterogeneous object may be in the form of a void, a cavity, a crack, a buried substance of
30 a different material than the earth, such as a pipe, a steel bar or the like. The
heterogeneous object may also be a portion of the same surrounding material but of

different physical and/or chemical properties. For example, such types of heterogeneous



object may be a portion of soil or sand soaked with water, a rusted portion
of a netal substance, etc. In addition to the ability for detection of the
presence and | ocation of a heterogeneous object, enbodi nents of the present
i nvention provide solutions for tine-based qualitative and quantitative
anal ysis of the characteristics of the @Eterogeneous 50bj ect, as
illustrated in further details below As shown in Fig. 3, based on
the initial |ocation of the heterogeneous object 1 determned in a

t hr ee-di i.onal, coardi nat.e .syst em 1010 and for data-acgui Sjtion.purpose,
the - syst enPaer Tels SRRORDE Foif bomATgeR ot e SERGBF Of ARPL 116,
120, 130, sii3lAe, eld0n ali6ioansl thk ABill BT detddtod) bOMB Prabfideama 1dQ8on dhese
| ayers naz be sel ected at aggropriate dept hs and positions based on the

1

qual i ty ofcterpgerepynpbistiypmbadigenisof die rejentimyantipnorevids aejutiqnsdor Hyper s nmay
be parall . ar f. . V. LRLLI

verticall gésgﬁggrlﬂ'fg?}%’r%lrdgﬁ %E%E%%gég 93] Ofgﬂéj%m}?a% %teggﬁgé (lyfnt %?‘%tg%og%%glrs e

bet wsen. Abjeetr asaillustedtyd indfepiberdicragls bblotshe nat ure and properties of the

obj ect -t o-be-inspected, the 15data accuracy requirenments of the inspection
result, etc., the nunber of l|layers may be defined and the | ayers may be

di stributed acaQrphdid LigaMbadddid ﬂqelimtiarm@ﬁbatok%he&@g%énle% &J;&tw th

different intervals. In a nmethod according to one enbodinent of the present
i nvent i ondetoiranedaim 4 thiaeidime2Oowed aoordmatsf system HE0end dendstatscqpitgittat 1 i s

determ ned, the.inspectjaon operations. are carried out. repeatedly, o t he
same | nepRbpPEa s aaen e SRl g PPl befgagphing BRFRATO, P00 YS6,
predet er M4 dso, 190 anBI7eNher tlResteuhS s@tfack D68 Thexenektd PBy BPEEIBdtbPRS are
then conparatively analyzed to gégw de a four-di nensi ona?’ profile of the

i nspect eddRpEPREELe depths angd popienphased op drd @by ofthe rdabtipeads dgededior data
L oober \ - SCUH i j 4
a1y shtobfieilo R Ty PRE AL 0 et HLIRIE ARO R SRAOT2 D) 20 are

di rect ed dibiribugh vehizally onded tisugrb asesut e tiewai tt Sahb éntpeaistthas batweshi ch t he

het er ogenepus object 1 is detected. Refl ected dar. signals fromthe
i nter sect‘gg?@atb YudRendig Pethe P@@%@gl@%@%} @‘éﬁe LI cisRestcd. Wanpl i ng

layes 11035td2Qural Qeqell%ix%%l§nt%§)g ’theliﬁg})e%ﬂgn bR e, ha Hﬁﬁﬂ'bgidof{?%fetrpﬁla g& enna

array 70 and process ar transcel ving, data processing a
cont r ol | i dedinachpnd B0 laylens mhy be dstdiuneitccsidowtoiany Bitgtrar3 oriehiatibetpesiviganeous

object 1.is wittOdifferent intervals.

In a method according to one embodiment of the present invention, when an initial
20 location of the heterogeneous object 1 is determined, the inspection operations are carried
out repeatedly over the same inspection area, each at one of at least two or a series of
predetermined time instants. Results of these inspection operations are then comparatively
analyzed to provide a four-dimensional profile of the inspected object, i.e. a time-based
variance of the object presented together with the position and size in a three-dimensional

25 domain.

At a first instant t11, emitted radar signals from the antenna array 20 are directed
through the ground surface 100 towards the position at which the heterogencous object 1
is detected. Reflected radar signals from the intersections between the heterogeneous
30 object 1 and each data-sampling layer 110, 120, 130, 140, 150, 160 and 170 are captured
by the antenna array 70 and processed by radar transceiving, data processing and

controlling unit 80. In the embodiment shown in Fig. 3, the heterogeneous object 1 is



smal l er than the physical dinmension of antenna array 70, hence it is
possi bl e that the boundary of the heterogeneous object 1 can be determ ned
while the antenna array 70 is placed above the ground surface 100 and
remai ns stationary relative to the heterogeneous object 1. In situations
where a het erogeneous object is bigger_%ban t he physical dinension 5of
antenna array 70, the inspection may be“perfornmed by scanning the antenna

array 70 through the heterogeneous object such that the radar signals can

| ayer's 1Ryt Ry IGh ARSI SRR Sy £ o8BV S potfBe IR BT or i ot s
of the enbblieiEry atiae hsic@aahsduaobjetel taddicatttarmita] vehipnat antehniarrayi 70ERS| onal

(2D) contours_ 111, 121, 131, 141, 151, 161 and 171 on a resgective

dat a- sanpPlasgs #beys thegrupdsusiicail P andemaimssiationyy ralafivntodthn hefsrogenesdsi vel y
di spl ayed cr i : . Lon: a
reapect i vataar G Bauhns SED FATLQUER, boSRT R AT I FITA Ol |

Fi g. 53 asobhmtencarplag,70ythe mndpagtem Ma0bd serfemed bg dcaninglthe sitonwa drsaydit

on-screen_indicator 92, the contour ,131 at |ayer 130 wi]l be displayed. The
ahape. ana M o fetstoekaons eBRTGUEh LA st BIEPply CoReca el BRRSP TR o ¢ h
respect tgetblgentondobe@r di nate system 1010 or, alternatively, wth respect

to one or nore reference el enent, posts or |andnmarks (only one post 50 is
shown) which is preset at a known | ocation of the X-Y-Z coordi nate system

and closer to e objectsto-be-detecte ed, 0 ontour 0111, 121,
131, 141, 151, A B R A TR RS 7 10, 320 %sopiﬁ(f’iq\?g’ % %ﬂilgﬁp'%%s% | ayer
110,10120, od 812,chdBteridR,of Halentiftdd 1adAs signdlé akd reflbEtee radianEipsdignab- ( 3D)

profile 101 of the heterogeneous object 1 can be determ ned as an envel ope
of the 20iEsntignsld2W) qontaurs 111,321, hyly 14461, ighangnld 110ma regpecimpdffai n Fi g.

4. 25A1 as@ﬁag@gg%}eg%@%oﬁt&i%ag %maeres@i{ Bl%hi%hQE&Q@E&&J&vQ@?di%PS&EZe{i'o%%FeeBr om

the first era I nspection systemis s the sane
| ocat i on nhdEavhtdontoat esresspendsao aatimeerdectiod of aaegpectitealasy stngptinkQder and

further inspection. Position_ of the systemis verified b . locating the
r ef er ence™H F“%ﬁn?ﬁﬁo-ﬁﬁb?nﬁﬂ% ”g@gtiﬁimb@@ﬁgﬁﬁﬂﬂwang%éa?%ﬁ@kcw dfant .

The jabovegolnust fndd e r&h8RSicAbLIL RO ditREaABed: BYE: B30SwtaRdiSithyeal THP
contours 112, 122, 30132, 142, 152, 162 and 172 corresponding to each

respect i vehapaaed peitpin of ga¢agartouwcen also &t Mather Thuertgimed mdthi raspteatio thd X-Yay be
sel ected %ﬁthda %rquteﬁgined %i inte%ﬁal f&gnlthe first instapt ttll

i e. one HSUPITGRSTHEI TH LT ANGIIRIVER ¢ Wit ZeSRECAR OPHEF PPTrdefsicisy clement,

vari ance gtsWreadimdrkeo8h] @tposthuigisEdRARicl is proset Bea RYGH 1dch@dn dthBe

ti me-based variance nature of the object is unknown, the tine interval

sel ect ed Xof-Zgeerdingpsstmrangséasat iodhe abjcettie-bsedstastpdarithsedipg éBirentournst ant
may,pe arfyit §af iky f Béﬂ,ﬁ%ﬁ ah®%171 BbthlrRl 0GR FLdpR0 R A da2F 496,91 NO! Y

to an appropridte va
120, 130, 140, 150, 160 and 170, a first three-dimensional (3D) profile 101 of the
heterogeneous object 1 can be determined as an envelope of the 2D contours 111, 121, 131,

141, 151, 161 and 171, as shown in Fig. 4.

25 At a second instant t12, i.e. after a predetermined time lapse from the first instant
t11, the radar inspection system is set up at the same location and with reference to same
X-Y-Z coordinate system 1010 for further inspection. Position of the system is verified by
e.g. locating the reference post 50 the same manner as that performed at the first instant.
The above-illustrated steps are then repeated and a second set of 2D contours 112, 122,

30 132, 142, 152, 162 and 172 corresponding to each respective data-sampling layer are
obtained. The second instant t12 may be selected with a predetermined time interval from

the first instant t11, i.e. one hour, one day, one month, etc. based on the time-based



5 Based on the 2D contours 112, 122, 132, 142, 152, 162 and 172
determ ned at each respective data-sanpling |ayer 110, 120, 130, 140, 150,
160 and 170 at the second instant, a second 3D profile 102 of the

het er ogeneous object 1 can be determ ned as an envel opi ng surface of the 2D
contours 112, 122, 132, 142, 152, 162 agd 172, as shown in Fig. 4. A 104D
profile of the object can be generated Tfromthe first three-di nensional
profile 101 and second three-di nensional profile 102. The 4D profile

coor di nat ST BR0ERE PR, KtV an e S fat P sPLEE e on o
these dat aatuRSofWed bbjag iQuilind®nf Mettidfic ARl iselbadd Mrtthe fnkpetioh 0pérafién & | and

second instant t12 recorded on a tinme-axis 1014 as depicted in Fig. 4. A
15conpar athevecendang splsegeanhinstant pay e eehitrgby seldinst for rotalsstectipparecond 3D

profile 1Q(£u§ttﬁde£ %r(fil?%g-t(%lg%gﬂé%?ﬁ%&fi | e can then be nade to determ ne a

variance 0 et erogene whi ch took place fromthe first
instant to the second instant. Depending on the nature of the heterogeneous

object and the_requir ts of inspectiqn, the_ ahoye may. be repeated
at further subS& é’i‘?ttﬁ‘? ﬁﬁtcﬁﬂttoé‘rst]gaoﬁf ilggﬂf‘&t ﬁ%qg%a’b‘?i?fa@@%fle‘fﬂé?“h

20het er 0gRRGQAMSe AR &GhpRh fa?&hl 1©f 1501936 URRLANEN601aAS T AP hiSthe 30Dnll SnsBgRET at €
a 4D profile of the obj ec% romfirst, second and such further 3D profiles.

Conpar i sonsecoad WPemofilled 02 iof dte, hesaregamdownabjanté can berdeternained hearf emviehging3 D

profiles in.the.4D profile sp,Lb det.erm ne the yariance of
Phe het or SBERESCERER] SitodnF% ZeoPiar BT a0, 2 FfdTamsaiorRan L ance. 1 ¢
wouhd be appEctt af 8@ obiRt cacsoidbnged FfomBid @dsthtdel diflehabrd padiv 01 Whd h t he
25i nclusion of tinme-based factors into the inspection operation,

i denti fi ceepwshthregedizensinnalipsefilad 82 o hptRdrefile dreledes pafoenation assqciated ur al
damage ang: ruct | Il Ure v €. ' ed from
the et or Su Aoy LUE Bl A% bFLLI £ v-2: GurdiiRt ST 0T HR SRS SHERUASC et on
of a pres&ijes oo calbmatien of thasdhbite ne getlasusingbfaciot assdfihted twith Besaimplagt shown
in Fig. 4, conparison of the first 3D profi)]e 101 and .the secaond 3D profile
102 showst!{ RA¢ ,S%H@&Swah@%sgogﬁ%f e ¢ et HHdes ]dﬁweteewglftgcél A mensi on of

the het erQREReaNs ARl &S betvded JdIHSERS %Foﬂ’l@: i1 BxgtﬁﬁhE is@%ng%ﬁﬁroﬁ[é)mztiﬁ%é i st

-8- instant to the Second instant. Understandably, 4" may represent a
si t uat i onfowhdmeensivaaleoicage theols ndgjedo dettrmsearnvatiader githainderogeicoys t he

si ze of V\(/gji.chbc S eat.er ov ati eriod counted. fromthe first
Thatant t8ihe CLLbRGk DG dien D s anaiddo BEseruIdaRiR NaPETAE PEfkesent s
anot her sighuabl g2 hohes&nbhie Wpcahd tllf:'récgﬁrehﬁﬂts(lﬂ ihdpbbiRfh, Wctdboldifegame
material 5as the surrounding portions, but the physical / chemi cal properties
i s changeday e wpeaigd efurier subsequent instants to obtain further 3D profiles of the
20 heterogeneous object at each of the subsequent instants, and to generate a 4D profile of the
object from first, second and such further 3D profiles. Comparisons between the first,
second and one or more of the further 3D profiles in the 4D profile may also be made to
determine the variance of the heterogeneous object and/or to predict the trends of the
variance. It would be appreciated that according to methods illustrated above, with the
25 inclusion of time-based factors into the inspection operation, identification, determination
and/or prediction of potential structural damage and construction failure, e.g. geological

hazardous resulted from the heterogeneous object becomes viable, in additional to merely

detection of a presence or absence of a heterogeneous object.

30 In the example shown in Fig. 4, comparison of the first 3D profile 101 and the
second 3D profile 102 shows that, under one possible circumstance, the physical

dimension of the heterogeneous object 1 is increased with the time lapse from the first



soaked with | eaking water, which is detected as a heterogeneous object
necessary for further investigation. Fig. 5 shows an inspection nethod and
result for investigation of positional 10changes of an underground

het er ogeneous object 2, according to another enbodi nent of the present
invention. In a manner simlar to that qQf the previous enbodi nent, radar
signals are transmtted through ground Surface 200 and refl ected radar
signals are received by antenna array 70 for the detection of initial

posi tion er ggeneot ] , - | i.n er. 210 i fined at
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over 5t he gy hardrrewrdigreor@Ods, att théphysidal/cladmipagirdpeotics2® thandpdye. 2 Myreo@ssi ng
and anal yzi the data correspgnding tq the emtted and refl ected radar
signal s atouad WG FHiTEgaE AP 6ol i A heiCHEeReEYs SPBA BRESEBHEE LT of

obj ect 2 ap@ePhiaiiRadomthi ch can be displayed on screen 90 as first 3D
profile 211. The above process is repeated at each of the sel ected
subsequent instants and based on the profiles 212, 213, 214, 215 and 216

obt ai ned, corrgsponding positi.ons of the object. at each of the subsequent
"ot ant can 25be aperpmhESeela efloc B s SRl & el BB TS Tan of
r ef @pencectp@gés &an diderdgrdied hfefogeddals obiedt 2. 2k00@NE 14 hotByerabsiimbe: fhown i n
screen 90 for viewing. In the event that insFectiqn is to be carried out at

posi t i onsthgfrespt ippgrdien. Whe B1nney sintayte hay pf theeresfpuscambadineyniadanr ocessi ng

range of F TR A i: | e
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adapt to bhant@tnenrapd9ifort tha dofectidreofdhitial positiorBef heterogenEog. obpectrly Abédata-
understood to. repre { situatio re the heterpgeneous object 2 is a
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possible 1o further predict the trends of shifting of the heterogeneous
obj ect 2.otgect 20 as alr¢fershoutodletamanranygicaitiodalt dhangemier dintehd thmibeto genebus hown

(PO Sulqustiates,a ol Luat] o phere. 2 Hudel HLAUMd iRl SERshgous obl ect
displacement of heterogeneous object 2. The inspection is started at a first instant by
placing antenna array 70 over the ground surface 200 at the initial position 201. Upon

20 processing and analyzing the data corresponding to the emitted and reflected radar signals
at data-sampling layer 210, the initial position and contour of object 2 are obtained which
can be displayed on screen 90 as first 3D profile 211. The above process is repeated at
each of the selected subsequent instants and based on the profiles 212, 213, 214, 215 and
216 obtained, corresponding positions of the object at each of the subsequent instant can

25 be determined, each being made reference to the position of reference post 52. Profiles
212,213,214, 215 and 216 may also be shown in screen 90 for viewing. In the event that
inspection is to be carried out at positions of the object which is outside of the effective
signal processing range of antenna array 70, the antenna array 70 may be moved to

suitable positions (as depicted by dotted lines as antenna array 70 in Fig. 5) to adapt to the

30 new position of the object.



sanme depth underneath the ground surface, an inspection nethod according to
the invention is al so capabl e of inspecting positional changes of an object
across different 10depths, as illustrated in a further enbodinment in
conjunction with Figs. 6 to 9. Simlar to the previous enbodi nents,
one or nore posts 53a, 53b are preset ainosition references for the

i nspection at each selected instant. As”’shown in Fig. 6, at a first

instant, the position of a heterogeneous object 3 is detected when the

object is at fi Siti i i . Ling.layer
(three layers E%%Ef&gﬁ%%ﬁéﬁﬁﬁgﬁgéf%@%kéﬁi%ﬁ%ﬁé?a?ﬁ%ﬂ%ﬁﬁﬁbs mgpgSOS%gt?
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position 301. Based on the radar signals enmtted to and reflected fromthe
respectiv rﬁflé‘isé@“éaﬁ%?egrﬁ’g the,prefidcs phtranedz it ahalg,possitito trthernsedialshe repds) e
represent L Aghikiie PR eQﬁs&ﬁﬁnijeCt 3 at first position 301, e.g. the

position, size, “shape, conpositi etc., is obtained. 20 As the
posi 5i on, size and/or shape of the object 3 may be changed after the first

i nst ant d al f X..Y.and Z.di tj , i i th f,
the. previ ous! y abp e SaeebEd it il s koS TnheBogt Lt Shetiay no
| onger besigatiba WheredinddBRr Sl R terd @ cSYSI R dand of Hé"%ﬁteé‘ﬁw datansamme | ng

n
| ayers to better trace the changes of the 0Object 3. Based on the entted
radar si gsame dapth wederresthetie geatme syifageahn mspehitioh erashnd ateptding totthe syst em

defines d mlj.nag. |l ayer t which.the hest | i I gnal re obtained
for data g‘&]’gﬁl@%ﬁg & 1SP%aQ%%e %fi’lgg eFtén%%%s\}\%orﬁalng]—alné?sq%&nr?%Cg%‘ggs-ssd;ﬁgrlep%g | ayers
320ap 3208epaii) aSRRStrae®intefrthetembidienyia cahjup&tint Wil Biggvwewo 9.rom t he first

set of data-sanpling | ayers 310a, 310b and 310c. The 3D profile of object 3
at position 302 can therefore be determ ned based on 30 the result of radar

si gnal pr Ocessgfﬁﬂla?fto %?@eﬁ&ﬁl@n{%@nﬁémg%ﬁ@ ogfém% os&eﬂgg%@eﬁ%%ﬁ&g%g layers

320a, 320b and 320c. above process ‘nay epeated at ea a series
of subseqpmition m&trartsor drdinsgeeti@atpraol sdlegeBdtanB04s sidddm, in306,6, 307/ {irs808
and 309 of o

The addi { PSRRI EON AL SF CEBRES SR G 5 GREVET PhebFESpactibe 3D
profis| es, paititid JMNOTA lifst k& 0P BAALRPIMD 1S ErsRERN HFSs BNOLBMBE bR AR dde
variance of the object over time i.e. in this enbodi nent, change of
posi ti on shewntfer the puppospatidlusvasion) prealeliBedivgish ifters8etghelolgeetoay thenkrst
| nspect | Oﬁ‘os{tﬁ)% Otl.S ’Ba\é\@d cg:nhthie Yadhr %1%551(53 %m?ttcedl tg%%}i ircgpescte(affro%jth(aecr%spective data-
sampling layers 310a, 310b and 310c, a first 3D profile representing the properties of the
object 3 at first position 301, e.g. the position, size, shape, composition, etc., is obtained.
20
As the position, size and/or shape of the object 3 may be changed after the first
instant and along any of X, Y and Z directions, or a combination thereof, the previously
defined data-sampling layers 310a, 310b and 310c may no longer be suitable and therefore,
the system de-defines new data-sampling layers to better trace the changes of the object 3.
25 Based on the emitted radar signal and reflected radar signal at different depths, the system
defines data sampling layers at which the best quality signals are obtained for data analysis.
In the example shown in Fig. 6, new data-sampling layers 320a, 320b and 320c are
defined which are at positions away from the first set of data-sampling layers 310a, 310b
and 310c. The 3D profile of object 3 at position 302 can therefore be determined based on
30 the result of radar signal processing of data acquired at each of the new data-sampling

layers 320a, 320b and 320c. The above process may be repeated at each of a series of
subsequent instants, and the 3D profiles 303, 304, 305, 306, 307, 308 and 309 of object 3



3 corresponding to each selected instant. The profile information of object
3 includes the position information at each location plus the tine
corresponding to each instant. The position information of object 3 at each
| ocation includes the 3-dinensional coordinates in 10the X-Y-Z space.
Therefore, the present invention provides solutions for radar inspection of
het er ogeneous obj ects on a 4-di nensi onat” basi s. Figs. 10 to 12 are
schemati ¢ di agrans showi ng radar inspection nmethods according further
enbodi nents _of the present .i.nvention. | ne enhodi nent showing in Fig. 10,
205" ol ur aFseEh e pRAGRA RS Bk Blien, B FreaP R o masgY %0, "aa0® a0
460 and 48&1@5&&11111%&%@15@11{1@ r&dpet e BB fiddsCa dBf irogld is Gigihed ahedh 1S

per pendi cul ar to the ground surface 400, and parallel to the X-Z plane.
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has the greates nension, 0 SSI rends of dinension variance, al ong
a disection 20generally parallel to the Y-Z plane. During the inspection
process, radar_signals passing through the ground surface and arriving at
the boundari osF&#- 1. eng] Seer the iepeoken Tl SUAEh brf jeEigt ohiecaons aERLISS t he
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back and captu processi ng and anal ysi s. rresponding to a
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and 471 at each 25respective data- | ing layer, can.be obtained. A first
3D prof i | RSO NPT BHO D rrh  HRQ B BB SRR PP LT RESS I o and
di mapsi onhefX e sphiie Qherbfdrd, thb Bro¥entidvenlas BrovRick 8SIRABEN o8 rddar fspsetioh NSt ant
t41. Subse%uently at a second instant t42, second set of 2D contours 412,

422, 4320 rog@pous@iccihen a3 2imenssenghbassspect i ve dat a-sanpling | ayer can
be obtained and |ikew se, second 3D profile 402 is derived reflecting the
si ze and 30di nension of the object 4 in the X-Y-Z space at second i nstant

t42. A 4D prof Fige l0stodenes ahedafi¢ diapfantsshoaiig raéaangedDdmmnehblesccéfiingind
402, and a conparison between the first 3D profjle 401 and the second 3D
profile 4usthercrabodiments oftheameseniiarensioas i ang gmprament Hoyaednhigd Oaa

var ilé‘ nce hﬂhraﬁiﬁﬁ%ﬂghgﬁfaﬁée Mt%bg%répﬁne%f;[agléjs 4i1 6',342@[]113 d, 41350,'[450'5 E'&) éﬁgﬁ@gﬂd&s tant

t42 which, in‘the present e represents a change I n e and
di nensi onthefrdund solipeect004ré defimetih&ath fager is pstpendictldd tottbe grvand eedand 40Ast ant

t42. 5In the e di show in Fig. .11, | ural.it f .l i natiyve
dat - sampATgHIE) o BE 5 Pso Dzt et Gedb by’ 48 5haBR BT oune
surface 5Q0indd & A hael: afcagBd Ay &fuatisn REERSRMinALY urquleté?@%&e&w%jwr face
500, and parallel to the Y-Z plane. Data-sanpling 1ayers 510, 520, 530,

540, 550,4 BBChaawaBTOlinehsiomdr ipnssitie srendsnofelimansonueastngy alpngjatdizection wher e
20 40 A DS PATAESY i Pt DB GRSl
paral | el thoughehegréuf aitice and arriving at the boundaries of the object 4 at the intersection
regions of each of the data-sampling layers 410, 420, 430, 440, 450, 460 and 470 are
reflected back and captured for further processing and analysis. Corresponding to a first
instant t41, first set of 2D contours 411, 421, 431, 441, 451, 461 and 471 at each
25 respective data-sampling layer can be obtained. A first 3D profile 401 is derived from
these 2D profiles which reflect the size and dimension of the object 4 in the X-Y-Z space
corresponding to first instant t41. Subsequently at a second instant t42, second set of 2D
contours 412, 422,432, 442, 452, 462 and 472 at cach respective data-sampling layer can
be obtained and likewise, second 3D profile 402 is derived reflecting the size and
30 dimension of the object 4 in the X-Y-Z space at second instant t42. A 4D profile is
generated from first and second 3D profiles 401 and 402, and a comparison between the

first 3D profile 401 and the second 3D profile 402 in the four-dimensional profile is made



During the inspection process, radar signals arrived at the boundaries of
the object 5 at the intersection regions of each of the data-sanpling

| ayers 510, 520, 530, 540, 550, 560 and 570 are reflected back and captured
for further processing and analysis. Corresponding to a first instant t51,
first set of 2D contours 511, 521, 531, 541, 551, 561 and 571 at each
15respecti ve data-sanpling | ayer can bellobt ai ned. A first 3D profile 501 is
derived fromthese 2D profiles which reflect the size and di nension of the

object 5 in,the.X-Y-Z space.corre ndi to.fir instant t51.
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det er mi nebeavgaathe s S0 PraBiend | gyl dled Sceond SPEHES B2 gt e darohmersanalo ¢ he
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second i nsta@mntinst@@.t52 which, in the present embodiment, represents a change in shape and

25 dimension of the object 5 from the first instant t51 to the second instant t52.

In the embodiment showing in Fig. 12, a plurality of imaginative data-sampling
layers 610, 620, 630, 640, 650, 660 and 670 under the ground surface 600 are defined.
These layers are oriented along an angle not perpendicular to any of the X-Y, X-Z or Y-Z
30 plane, e.g. the angle is between 0 to 90 degrees with respect to the ground surface 600.
Data-sampling layers 610, 620, 630, 640, 650, 660 and 670 defined in this manner are

used in a situation where an underground heterogeneous object 6 has a greatest dimension,



Al t hough enbodi nents of the present invention have been illustrated in
20conjunction with the acconpanyi ng drawi ngs and described in the foregoing
detail ed description, it should be appreciated that the present invention
is not limted to the enbodi nents disclosed. Therefore, the present

i nvention should be understood to be caﬁﬁble of nunerous rearrangenents,
nodi fications, alternatives and substitutions w thout departing fromthe
spirit of the invention as set forth and recited by the follow ng clains.

- 13- &%leltr {9 oPPfrﬁ 1\8{1%1‘15 alo Qrd r%ﬁﬁ)@l?é{ﬂ%rgﬂ%%Jﬁ)hg&lcﬁg%rthés I ng:

determ ni ng an FniEal a I'on of ah o nensi onal
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obj ect in sai thr dj nensj onal . coordi nat e %%sten1at a first instant;
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three-di ”?ﬂﬁﬁlﬁ%% éf@@f@%@@t@aos&% 883D A602nd 850 AR ﬂeflé&t@d’ﬁ C‘]{Oaglﬁ@gétﬁwdqgr

four-di nensio profl e of the dbject fromthe first ree- nensi onal
prof 5l e aﬁdthsepmndssmlgrwé adalmas;s Corredpopdmg itd e first oomspesnt tGQg firdheetfaf 26X

t hr ee- dlnen ion % S %Qq e- di nensj onal roflle in the
Four - i moR@TSRAP ) brBRi 1 C5 det obgh 8 AP TER B 1 SPRLE G RE he
first inspapbtain®d.t AGirSEAPPRi1NE60 PRiderit&] Bom th&e TES HoflicRfwtidipicfed: thivigs ei n
obtaining the first three-dinensional profile |nclud|n?
and dimension of the object 6 in the X-Y-Z space corresponding to first instant t61.
Subsequently at a second instant t62, second set of 2D contours 612, 622, 632, 642, 652,
10 662 and 672 at each respective data-sampling layer can be obtained and likewise, second
3D profile 602 is derived reflecting the size and dimension of the object 6 in the X-Y-Z
space corresponding to second instant t62. A 4D profile is generated from first and second
3D profiles 601 and 602, and a comparison between the first 3D profile 601 and the
second 3D profile 602 in the four-dimensional profile is made to determine a variance of
15 the object 6 from the first instant t61 to the second instant t62 which, in the present

embodiment, represents a change in shape and dimension of the object 6 from the first

instant t61 to the second instant t62.

Although embodiments of the present invention have been illustrated in
20 conjunction with the accompanying drawings and described in the foregoing detailed
description, it should be appreciated that the present invention is not limited to the
embodiments disclosed. Therefore, the present invention should be understood to be
capable of numerous rearrangements, modifications, alternatives and substitutions without
departing from the spirit of the invention as set forth and recited by the following claims.

25



defining a plurality of first set of layers across the object, each of the
first set of layers intersects with the object at a first boundary;
20directing, at the first instant, emtted radar signals towards the
object; receiving reflected radar signals fromthe first boundari es;
obtaining a plurality of first two-dinepsional profiles based on the
emtted radar signals and the reflected'tadar signals, each of the first

t wo- di nensi onal profiles corresponds to the first boundary in a respective
one 25of gﬂgﬁﬁ% st set of layers; obtaining the first three-dinensional
profile b the plurality of first two-dinensional profiles. 3. The
nmet hod of claim 2, wherein each of the first set of layers intersects with
t he 300bj ect at a second boundary, wherein obtaining the second

t hr ee- di mbnsi oAdl Ulgad¥idedand ¢pdsainsgectonmecthodhepmpyisitthe second i nst ant,

emtted radar si %@r&ixﬁﬁ%’%& gxgti:h NScaBBh g?&ﬁ objectti a‘%}ﬁ%@-hﬁ%io@?ﬂc éo%?&iﬁ%e radar

signals fromthe secon aries; obtaining a plurali secon
t wo- @i nensi onal pr ofystems, based on the emtted radar signals and the

refl ected radar signals, each of_the.second. two-di mensional, profiles
corresponds to a ‘OLHAY BB BLEyinensiona Eﬁ?&ﬁ%@ef’ Gelrin S%‘aﬁlﬂlg?'ni ng the

second t hree- di mensjpnakioRilbtanRasRE0% 4 At Biiahal i ty of second
t wo- di nensi onal profiles. 4. The nethod of claim 3, wherein obtaining the

first three-di mendiamag agewidlteree-dimensional profile of the object in said three-
dimensional coordinate system at a second instant
10 generating a four-dimensional profile of the object from the first three-
dimensional profile and second three-dimensional profile;
comparing the first three-dimensional profile and the second three-dimensional
profile in the four-dimensional profile to determine a variance of the object
from the first instant to the second instant.
15
2. The method of claim 1, wherein obtaining the first three-dimensional profile
including:
defining a plurality of first set of layers across the object, each of the first set of
layers intersects with the object at a first boundary;
20 directing, at the first instant, emitted radar signals towards the object;
receiving reflected radar signals from the first boundaries;
obtaining a plurality of first two-dimensional profiles based on the emitted
radar signals and the reflected radar signals, each of the first two-
dimensional profiles corresponds to the first boundary in a respective one
25 of the first set of layers;
obtaining the first three-dimensional profile based on the plurality of first two-

dimensional profiles.

3. The method of claim 2, wherein each of the first set of layers intersects with the
30 object at a second boundary, wherein obtaining the second three-dimensional
profile including:

directing, at the second instant, emitted radar signals towards the object;



including: 10prior to directing at the first instant emtted radar signals
towards the object, l|ocating a reference position; wherein the plurality of
first two-dinensional profiles are associated with the reference position.
155. The nmethod of claim4, wherein obtaining the second three-di nensi onal
profile including: prior to directing aL the second instant emtted radar

signals towards the object, |ocating tﬁ4"r ef erence position;

wherein the plurality of second two-di nensional profiles are associated

with 20t he refer . 4] . T l,ai ;. wherein the
plurality of fi rgljtag%g? QZ&%‘%@&?@”S@%q%)wg%tsg{oél b%%ﬁ%%F& to a surface

t hrough whi ch t heobedthing agpliratigrofst@ndltsopiamengionadprotitesrbasehomgic thettabj ect .
25 7. The nmethod of claim 2, wherein the plurality of first set of |ayers
bei ng orientated pefjsentienals and the reflestediradas signplsigpsh whihersesand e t t ed r adar

Signals pass brior hindSRAN B0 oRRpBhds o 388cHabolRld t 8 lebbalVEIver:
wherein the plurality o Irst set of layers are orientated at an angle
wi t h5respect to absunihgde schomlihieevhinehsiodu peofile basdd padiar plsiajimad Sseparss

two-dimensional profiles.

4. The method of claim 3, wherein obtaining the first three-dimensional profile
including:
10 prior to directing at the first instant emitted radar signals towards the object,

locating a reference position;

wherein the plurality of first two-dimensional profiles are associated with the

reference position.

15 5. The method of claim 4, wherein obtaining the second three-dimensional profile
including:
prior to directing at the second instant emitted radar signals towards the object,

locating the reference position;

wherein the plurality of second two-dimensional profiles are associated with

20 the reference position.

6. The method of claim 2, wherein the plurality of first set of layers being orientated

parallel to a surface through which the emitted radar signals pass prior to reaching

the object.
25
7. The method of claim 2, wherein the plurality of first set of layers being orientated
perpendicular to a surface through which the emitted radar signals pass prior to
reaching the object.
30 8. The method of claim 2, wherein the plurality of first set of layers are orientated at

an angle with respect to a surface through which the emitted radar signals pass



-15- prior to reaching the object, wherein the angel is between 0 to 90
degrees with respect to the surface. 9. The nethod of claim 2, wherein
obtai ning a second three-di nensional profile 5including: defining a
plurality of second set of |ayers across the object, each of the second set
of layers intersects with the object at second boundary; directing, at
the second instant, emtted radar signéf§‘tomards the object; receiving
reflected radar signals fromthe second boundaries; 10obtaining a plurality

of second two- dj; | i e - .L 1 [ | s and
the reflected ggg§@§§%%%gﬁ§§8é§éﬁag%%?wgegg%%gﬁbﬁak%ﬁfﬁﬁﬂggg%%%‘%ﬂgfiIes
corresponds torapsecothd shcfigedary in a respective one of the second | ayers;
obtai ning the second three-di nensional profile based on the plurality of

second 15two-di nensional profiles. 10. The nethod of claim9, wherein

obt ai ni ngot he frhg sleiod @ etath e MR bR d &coREMHAL Ahensional profile

prior to directing at the first instant emtted radar signals towards the
obj e6t, 20l ocatrchglizg:r ef er ence position; wherein the plurality of first

t wo- di nensi onal prefiles are associ te? ith the reference position. 11.
The met hod of cl SICHH8.2 RIABHE! 0T SHa 1 Plg e SeudhuobRr s e thabis o6
profile 25i ncl udi ngsetPFia9Erstiftetbeéts WithnEe 8bjebthe aS&ABBolAGRNt em tted radar
signals towards the object, l|ocating the reference position;
directing, at the second instant, emitted radar signals towards the object;
receiving reflected radar signals from the second boundaries;
10 obtaining a plurality of second two-dimensional profiles based on the emitted
radar signals and the reflected radar signals, each of the second two-
dimensional profiles corresponds to a second boundary in a respective one
of the second layers;

obtaining the second three-dimensional profile based on the plurality of second

15 two-dimensional profiles.

10. The method of claim 9, wherein obtaining the first three-dimensional profile
including:
prior to directing at the first instant emitted radar signals towards the object,
20 locating a reference position;
wherein the plurality of first two-dimensional profiles are associated with the

reference position.

11. The method of claim 10, wherein obtaining the second three-dimensional profile
25 including:
prior to directing at the second instant emitted radar signals towards the object,
locating the reference position;
wherein the plurality of second two-dimensional profiles are associated with
the reference position.

30



wherein the plurality of second two-di nensional profiles are associ ated
with the reference position. -16- 12. The nethod of claim9, wherein the
plurality of second set of |ayers being orientated parallel to a surface

t hrough which the emtted radar signals pass prior to reaching the object.
513. The nethod of claim9, wherein the__éyrality of second set of |ayers
being orientated perpendicular to a surtace through which the emtted radar
signals pass prior to reaching the object. 14. The method of claim?9,

wherein the pl ' - Gf Lt t an angle
W th respégt tgﬁgh§ﬁ¥ﬁgggﬁﬁﬁgggﬁﬁﬁa%?%ﬁhﬁﬁgﬁzﬁ?%%QQsgggégkgﬂgﬁgfs pass
prior to reachbrignthtee patajlelctd ,a swteceethrovigheviaciglb ehsttdaatdmeipdlstpmsOpriatagr ees
with respect to the surface. 15. The nethod of claim1, wherein the

f our - di mensi on&eching#iq Pigthc] udes one or nore 150f a position in said

t hr ee- di nensi onal coordi nate system a size, a shape, a conposition of said
obj ect or a conbination thereof and a tine factor associated with the first
i nstant ahd t hdhsewthed diwkimrit whegin tha pUirelity ofkelonBaetdiagey bdimspect i on

system conpri sing: 20an ant.enna arr for directi em tied radar signal
Cowar ds. an’ ob; BHEIHRC AP RPUENAg Ay B Bfo e ot h P <led SRR ng
refl ected radaprisi tgiedchingqne bhjectobj ect; a radar transceiving, data
processing and controlling unit coupled to the antenna array;

14.  The method of claim 9, wherein the plurality of second set of layers are orientated
10 at an angle with respect to a surface through which the emitted radar signals pass
prior to reaching the object, wherein the angel is between 0 to 90 degrees with

respect to the surface.

15. The method of claim 1, wherein the four-dimensional profile includes one or more
15 of a position in said three-dimensional coordinate system, a size, a shape, a
composition of said object or a combination thereof and a time factor associated

with the first instant and the second instant.

16.  An Ultra Wide Band radar inspection system comprising:

20 an antenna array for directing emitted radar signal towards an object-in a three-
dimensional coordinate system and receiving reflected radar signal from the
object;

a radar transceiving, data processing and controlling unit coupled to the
antenna array;

25 wherein the radar transceiving, data processing and controlling unit is to obtain
a first three-dimensional profile of the object at a first instant, a second
three-dimensional profile of the object at a second instant based on the
emitted radar signals and the reflected radar signal, to generate a four-
dimensional profile of the object from the first three-dimensional profile

30 and second three-dimensional profile and to compare the first and second
three-dimensional profiles determine a variance of the object from the first

instant to the second instant.



25wherein the radar transceiving, data processing and controlling unit is
to obtain a first three-dinensional profile of the object at a first
instant, a second three-dinmensional profile of the object at a second

i nstant based on the emtted radar signals and the reflected radar signal,
to generate a four-dinensional profile the object fromthe first

t hr ee- di nensi onal profile 30and second t’hree-di nensional profile and to
conpare the first and second three-dinmensional profiles determne a

vari ance of the object fromthe first instant to the second instant. -17-
17. The radar inspection systemof claim 16, further conprising a position
r ef er encel@l enght radiaspopedoadyaar pf clhon tl befucthgravimprisingragpasitionec feadhae

transcei ving, data pr.ocessi and controlling.unit js to optain the first
and the second®¢mea JS@H?@@@%@&EW%P@W @éewqwef@éﬁge%sc’emaa 28osi ti on

reference el enBRfeessing and controlling unit is to obtain the first and the second three-

5 dimensional profiles with respect to the position reference element.



