: e3e( $$Y&( &0(6J(T(Z 2 METHOD AND RELEVANT DEVI CE FOR REVEALI NG OBJECTS The

" present invention concerns a nethod and rel evant device 5 for identifying

hi dden objects by mapping their radiating em ssions, MenwmmWWMMﬂMML are
subj ected to peculiar conditions. Mdre in detail, the inv ns
sensing of the radiation emtted by an object, nade of any maigidal , by

sui tabl e sensors, when the object is subjected to an initial, in particular

thermal, radiati L.d i } j I i on the
predefi ned nater %Tﬁﬁbﬁ&amgﬂTﬁ\z&sﬁ%S@t\;a%h%qclgﬁt?ggggg%unt t he
characteristics of the material in which the object to be revealed is

inserted at the nonent of the sensing itself. A particular technique of

sensing objects is the thernographical 15 one. It is kngwn thaE he
t her nography is a tecRhecquesen iBverfiosy eRNGRENS ReMeIOhaRRiTRIPVENt S8ieri al * s

surface, gensigqg isc}e{ﬁﬁg}maaﬁigiggﬁ habgegd'tgtg&%aﬁﬁhgttﬂéir hudiahiag nehiesions, Mteel . The

information cones 1 . ?r{ﬁ centl,{retres and allows to reveal
critical situdhpemiedimaersubiested pasiéer CANAUPRSt or ati on 20 operation, can

concern the presence @fgorBiiddRiaistthe Ghudraloned@ivents sensipg usfethe celiatcment s
of plastering, ne I i

etal clips, humdity staagnation. .Th icul
situations ar eem@@ﬁtqyf?réggkﬁppﬁ‘i‘ﬁjd% pead, 1elnh S §§ta§rs%®rrsgt_sr’%o r]dtelﬁfre
regi ons, depenghjse @ subectaseo an tihitiakesipeparticolarhthermer, neddistietkgseishd of

on smal | Tont 1 (5EatY Bribogpats Shfshy AibedRe AEHE predpiesoRob b e, v

‘useful i nfor matevealed] rsaid diensing tatdrg snten@cepdnt derrhasacteapticeivitfur of

LT erent ot ekl i PEHTHG ol TRYEAR @SertdPaeRt! vomidhe of the

t her nogr aphy f 1a| cation also 1 n several 30 sectors of the nedical
di agnosti ¢ (onssnavgyitsadfpht hal nol ogy, gynaecol ogy, etc.). In the USA the

techni que is used as g pEANARK YENYRIAOSSrsIng BBjectsdis theehbmogtapbical
noni tori ng, in order, to eval uatﬁ ;[/\Q‘e extenh of $3SSI bl eet%ﬁénﬁl FA‘@) rsions
of the wibis, oA Briedewued Hating HEUROORPEY 45 7 (ePWARYS t WePlAST° year s
this techni quetHepmad riapbintebf appldterddlisosunfaced Sserwing dhé iinfyarace redistioni ¢
country struct u?rngge[ nd rmng{gg.gt@%e]bui | dings of a certain historical
interest. The g’?d@ ! (Lerned for exanple 2 wat er
infiltrations in the bIhd thfornationuearnes &om et deptheditsasme coniimaips and

pl asterings, Céﬁ‘&b§ &B“re‘(/ééﬂt Eitict StuafiBls NASERL K60 iriand i9f a ardaeshation

substantially depends on 1ts surface tenperatuyre, whic jn_turn, i

condi ti oi28d byopaegtioal ¢es 6pnesiar the presenRRI Eﬂcilenaﬁgfhgbgef @lengnt  The
t lher tmal ener tgy r&ﬂt@%@P?étbchﬁ\ﬁﬁWW@?t?ﬂﬁ@rfﬁ‘?m‘dmsu ““‘%mmw staghation. th
el ectromagnetic radiation that usually. is in.the. . n the
surface of a body is st'ﬁ?%?%rhcﬁér _ﬁ'ttr'%mnatefrgH@%'ﬂ?@r‘&%ﬁ%%?#%laﬁ nis
reflected t owapgsvirer wrwotdermegitns, dapermding [ thei saseh suithheespacttthdhBody

Gi'stribut i on aloAgel opefyBEREr IR ANgelabbieel ol S thormal e

on the raf at i cisooatimlitestévert enpunalt entityatd that order &f 2 Hentra@f & ¢laySbody' s
surface. The t r aphi hRisBte ihforRaSiBds] hstor@ér theupbenstamenthizoned
physi cal pri nci}a%pgg.%gTE@hi%Og%%r gt gﬁh (gf th%? tt]er rmci%fghi@? 15 t
i nvestigation rt@@modog@o@eh%oqzn@w@@é@%f“ realEn fictiding; g tynpsptone
em ssion, reflegkon and absorption for the different materials under
anal ysis. The utilised_equi t far r i . i i igal ly
constituted by a chanbgtegﬁm?ygﬁﬂgo&‘@@%&%?ﬁggﬁogﬁaaﬁ@é'crﬁg@?a%rlgoor%ﬁiénwagrrrgll ified
20 el ect rami ¢ egitas o tryy medicahtlagnosiic &xwotagy, bphthaigelogyi gingecslegynt
arey etc.). In the USA the technique is used as a preventive diagnostic tool for

the buildings’ monitoring, in order to evaluate the extent of possible

thermal dispersions of the walls, the presence of flaws and hydraulic

leaks. In the last years this technique found further application in

35 controlling architectonic country structures and monumental buildings of a

certain historical interest. The treated aspects concemned for example
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of the portion™©0

| evel s, black and white maps or false colours. Such a technique, and the

* ‘rel evant equi pnent, has been therefore utilised only for superficial or

quasi -superficial sensing (sone centimetres in depth), often the
investigated material being the sane on 25 as just under the surface. In
the case of objects that are deeply buried @up to a depth of the order of
nmeters) in an environnent constituted by a material different fromthe one

of the object itself.. Qhj.ec i IR@ AR, VeteshhenhisfdeoVedbgect s,
t he t her nogr a}yﬁieéafnfqt@glﬁhgqt@ tﬁgssﬁr‘g{lﬁ et found a valid 30 application.

This is due t plasteinpactrackaenvapls.@té.en the material s which surround or
cover the object to b@)%‘?ﬁ@@hﬁ@ aHergpof tdeyodg! sustanticllyedspersis omaitst he
.static imge provide y a thernogra hi.calc:gor infrare y
reveal s only §héa%ﬁm3r6%e,dﬁh'9|ﬂéﬂéﬁﬁ 80 't'cfrF?edq %%ﬁeer?%lygggﬁcg%/@%ng t he
gg]ezg It 02% ?Elicgﬁ%ucithgﬁrép&?pé&ifibh%ix’ﬁ%Shermaﬁiec?_[,g%yl hrw%@g;?ﬁggﬁﬁ o
in a country §i09‘ér,%_ ‘ﬂrﬁgrstﬁﬁzp?m&%aqle%t%?@%@o%q%tso_rﬁeﬂﬁt as t¥|e_ sl,oi '°under
the supposed afedtagobgighcihesi the, suatecesef a hady saibebigpieaisor 68F@HPNsAt e does
not result in an OF ' ! ishahoih®r fpgensany
infrared 5 phMfgﬁ%é%g@?%@ﬁ%@Epﬁgﬁ?ﬁdﬁ?aﬂ\%ﬁ%mﬁa%, Vi Oe 'rpf_ lce t he
sol ar radi at i esormber ot body &ng theeeraaiinderant é‘ﬁ%ﬂ%sghﬁ qqgft'gﬁ?éﬁsh@‘e
variatiop, th | ahtlbStdr Pyt f rdffeRtdce "Retysatbece andt hieagsmitied
surface es ﬁS@g%o%tlséﬁb&H%ggzc?ﬁ g{;ﬁerraégf%% %t }rN %&é‘?"‘% iopesr;]é(%r%%%e f%It[ljrface
t owar ds t he aigompanentsorAePENPEacBNt r e € soi | ;
the tenperat uregn dfGe BadENsh Body's Berfagd.f orm on the whole surface (because
of the uniformtinme incregsing and/.or, dinnk.shi i e he day
and/ or season), thus FT%‘P g??dm%%apj}ﬁ tteggﬁ?@u%f go%j%g%{}sﬂtgﬁa@pggél SB%,\;\%e been
buried just ungentiéritel phosioal. pithaiples tTanee thterpretation, ofi ey dhrrmagraelieal  or
object enitting 15 radi atiops different e gkh aeerisfibe sfarch
for hi ddéR obj '&?%%ﬁgnpééﬁﬁcuﬁaerdgi %@%rféﬁ@%ﬁpﬁ tOE_ ﬁié;%ehégf At chao | ogi cal
sites and in témission), defibctioniand apsagiies fer, the, B‘%Pf@'ﬁur%ﬁte‘i'%lssé'ﬁ‘a%gy. | t
is therefore agngwggof the present invention to provide a 20 nethod, and
rel evant devicé,  10r revealing hi dden jects, the ki of the
radi ati on napping so ad& Ht”éﬁﬁda@%-”ﬁm?ﬂg%% @P"@%Q@pﬂr%hggﬂa'ﬁpégp p'{ed_:\g{e in
t he pr etscra]nce géorfﬁitlﬁaaibg’@ml bémlt\ic]tardolmgedmme infranegh eadiation iy a@pﬁfw@t
manner e radiating si.gnals conin r o
them said® met ﬁl?&trpg'ﬁi %gﬂ?a}ﬁm Sr%@&ﬁxtreﬁﬁesteggecoﬁﬁﬁr @ctS ﬁ\gﬁﬁgcgﬁérre'n?tdréy
physi cal - cheni gsije|sC Bk tHndnghitef mape cefalse oniesre.. 1t is therefore an obj ect
of the present inventigg?%a%qggmguéoran@em eremi r@q@p,jngﬁg,shas been

' n

characterised in that bj/écts are _In a condition_of  the em ssi on

| I
that is vari abhrerdioré ngilisecreniaher puperfigil ior %@%-:SHE%@'%@#%W%&?%E

phases: 30 A fhafrbd BRéh e MR stigalieat materizd ey thewateeosur f ace
%gﬁ%%g(é:ée@r\?wdt%h}rﬁ’ or behi nd V\/mggﬂh the object to be sensed is
supposed 2B be asdustiungst tha SWTa%er st tine t1 and a second tine t2, such

times bei ng successi vej hecoade of bisiertsBthaharpidesplydourisd (mip acteptheof
e thiTd i nsUBRORr O TPErerD 1 BRYCaiehoRStiuel iy aRathal BRRTLACICC
C. summation offrgrheheepse af thai dbjact itealft objgetst Miich o MPy zorhé"’%tﬁaili ned
fromthe phase “ﬁ‘idden” objects, the thermographical technique has not yet found a valid
30 application.
| This is due to the fact that very often the materials which
surround or cover the object to be revealed act as thermal stabilisers, so
that the static image provided by a thermographical (or infrared)
photography reveals only the variations on the surface of the material
35 covering the questioned object, because of the excessive decoupling

between sought object and (hiding) surface.



D. subtraction of the map at said time t* as resulting fromthe phase B,
fromthe sumas resulting fromthe phase C, E. conparison between the

val ues of each portion of map area as resulting fromthe phase D and a
threshol d value of the radiation intensity for the material of the sought
objects; F. identification of the material @& the object under

i nvesti gati on with the sought material, when the result of the conparison

of the phase E 10 has, provided th resenc o N nber n
of area portions of ﬁénsﬁa‘é@”@‘%ﬁ?ﬁ%ﬁ%&f Hp%d%mlsqﬁfé]gé%ﬁt a%l%l }f)k? sai d
radiation is kagdHeial heutigation, t laseskel dasaltive. sAdcmmﬁengtPDQ) shippasethod

di ol 0sed by LS BLEREA, k8 SN0 SEPARNIBLAARRSRo Aot TRr T8RRGSO m 2

phase Al of e € area port or behi nd which

the object toasgnsay iforsupposstatia cbh@malbmapamgatthﬁg i8niseHy apY wfrared

predet er rg ned Y. f 4 Eégther according to the
lpb{)ﬁ)gt@g\g q{:ﬁé‘lﬂe[ﬂ bﬁ/C{ﬁé %cﬁﬂy‘ﬁ@atlﬂéﬁl’ée evi

i nventio e case

obj ect’ % %(,avrqxgr V\qs not
i dentified WI th the sSllmgﬁtthm&Oéﬁrl radiatigR ansigreess, Funngdhg &MRY ng
power and a new; Gilbad; evérfa%HGﬂ@s@étﬁalwvsth@@thbrt of thaeampbrasieredn thet

di t t d f
or more time .gn&m”éfr%cé? Gasalrtow aaY Haps coiEneat B sabpdhte ' o
non- cont Ih gu?u%ﬁge% w%ééﬂtd\itggﬁaﬁaﬁancg frohhsudase tmwmsange lower Iweremﬁtgaougmr
ur i i s ,

9 ﬁ‘; temRecirg oné{\pv\%ﬂr;%g@ ge l%fcfrr"ﬁ 5 thé %dl@@u?f'&%% p

bei ng sub&t antSCHi e invention,
|l east two ti BectéusemithéuanﬁmmﬁmagnwreaplngwdéorﬂmI@&hlﬂgam th\eea@wrsgql rre t*

according to gﬁ S8y ), D sRAF RS R o 8wl RPah ol rmnjbatanabogly sai ¢

group of radi cordin nmet hod di scl osed by the
i nvention, salhiavatbdeednmedvjnsttunwsth&gm t2 according to phase A and said

at least a time t* aceprdl @%tétﬁ’ |Bh afd, Blrp%jén@?alar@/é?pﬁﬁflcﬁﬁébtb@mm the
first and the last tine 1nterval salg Ig%roup of radi ance intervals.

Furt her %cor diedigtieas gifferenfyerm ?%theér&? S-|east two tinmes tl and 35 t2
according to phase A %@ Seireh &br higdet objddtsThat ‘particudadinmgprtangshiastheB can

be successive to th | i nter f,sa g r
intervals. SCQSPePgﬁ a?o %%r% ﬁggﬁ% 8 tg% JHé/jkejn f)ﬁe(ﬂ{:% g%glﬂt%(ﬁ;%
phases from A gdrtidulatin denotogyi nst ead of phases E or F, said nethod

conpr i ses the ol ow ;s ycoersius, liasse éh@rPereﬁthﬁ\v%ﬂﬁénttbabrdd”@ mterial

of the investigated object Ts fie

ase rrpar for
each por 20on ofethod, conlsrelevay dgwiee, o repealtng E@C@QI 9@?‘%@36%@8 l.i‘c?fpphases

A and B wth thgy ks e sadans risppiriess astonprainG e oRsaidiiddare
sought object IS s

n the case,t of the
conpari son of PRASE qurg I d4he RIGEENRE, Oﬂ"f’é‘t eP%“’?fHEe% h\f"ga%q"%$ B\gﬁse 30 the
radi ance of th amamgsbtrgﬁg esbrofer ehe radinting signatio esming fromat!nel 9amgramd with

the run of val ues d|n f

~radi ance- power Lﬁﬁaa];?ﬂ qg@napﬁ%ifﬁﬁeaﬁ%ﬁ% '@nﬁ § écg Hllp{ﬁ cglgg?‘g%tual.

the case 2shat physicaishbemicH cbhéltloosrphﬂ'les@'lvlr@ﬂmﬁmse His 15 negative, that
I's the curve of responge Erﬁeréﬁ e raﬁdbtzéﬁeofotfhet ﬁ%s@ﬁf ﬁ*fv'eﬁho@fatrﬁ'@thod for

i nvestigated object does C e wth acquired in

ear
phases A and Bremetensemnsiogt Dblﬁcéf Gnasacgrised a‘f‘ \Wl‘q hs?'ﬁe 051?&?%&%%0%. ng

to the curve OEoﬁ@ﬁmmhé@néla&h@@m that i sefable pbdsesinte, aard h test Btil |
preferably, accor e ] nv ion, prior to phase A or Al, the

fol | owi ng prel pﬁmﬁaseﬁ)tk@sfé oWing Srmed: - definition of the nminimal
di mensi ongy of said oneAOécqmguﬁorscﬂamnapabf et rmdiationanamiagdrem e fsatfacef 1

cn2; - definiti terdals to f 25
their charact eP?Q'E‘? POiRP<GTc %ﬁacﬁawlgﬂfgtdé M %?Ch h{é BS%E?tcPhe gg%grlgund in
terms of val ueSupﬁ:osédetosmrmtdeastaattaemnsistlm ipleycli & &BCRRA HivSt lor SUGHBIZBA f or
the sought obj i%m succhBUé tcS’Eaf:ﬁ‘Stl’%?t ection characteristics in the device

utilising the 'on sensor
B acquisition of a map of the radiation coming from the surface

35 of said portion of space, considered at a third instant ¢* different from said
at least two times ¢, and {;;



30 , i) values of time spans between said groups of consecutive radiances

-and/ or values of tine spans between tine intervals belonging to said group
of intervals of each radiance; ii) the set of Mparaneters, with M1, P~
P2,..,, PM to be neasured; 35 iii) values of said at |least two acquisition
times t~ and t2 according to phase A and said at |east a acquisition time
f* according to phase B; 6 iv) values of the J frequencies, with J>1, f~)

fz,... f~, utilised in the radi ances. v al.ue h ies, wth
L>1, f'~ f'2,... f' G Summ@t&rhcﬂ%es@ﬁ%% Hés%'ﬁ %&%ﬁtﬁﬂg t!}ﬁ% E?ésjrgdggzeﬁr abl e,
according to fheiddavesth kiphadah; the radi ance power is conprised in the
interval between 0.1 and 00 tipes r f be Vil i
between 0.5 and 600 t[?,r%@?'rap " ng?éaﬂi% %E)%é@ @hg? saaél ?%{I}Eﬂd&]’bﬁ%?ﬁé obj ect s
provide in thghesaiBl frbmithesuamas tasuiting fromftee @brge Caccording to the
i nventi o%, the singl e%r%g@gﬁ%nt@&%eﬁghglvgﬁésd&réd& FortibBf ceaparegd

a r Y,

bet ween nd 30 ns. according to é@g |n\{ent| o&, sai.dt.at | east

two acqui siti assreatitingfesmt theapbase g astivesddvalye (f Ui FAURtoR G ance

interval, after_a.fi j t ac@nd 60 s, nore preferably
O ks

between 0.8 a he begi nning or. fromthe end pf .sajg i rval .
15 According to the i Rvidantifigationi the aaipra ?frlgﬁtﬂl.bh%(g Lfrgdoeﬁr@\?éesiq‘gspéﬁ
comprised bet ARy BuGMm Matbrit \WherMiearca Lk be trebtompartseredf elphase BO Nm
Preferably, accordin ot

e I nvention, said acqujshti.on ] trels
successi W& t o hesipfod e‘li@&Prqwcﬁéﬁﬁ?é‘ﬁﬁ?&?rg'ﬁhu s?"t”~°§%_%et%_§&“§83
According to thaai¥eadd portioa] ithomuissivifiase edlue doi seidomdiatiossiBJArGATl ues at

., time t* is preferably plac I.n_correspondence of the tail of the response
g ofRsBoEr VAl

of the supposd@@Bfl > said tail enission bei ng sybstantially a
background eni ssi on. Reebmimplty thadoethedngiscoseedy M mrestnt INENIRVel engt h

of 25 receptign fér% %%g%’r&iﬁgq\ b§iaEsH tp%ﬁgrrﬁfa BRgsd Andf Mgy racfasicabdfy

between 0.1 a ccording to, ntion, in the. case of thermal

e | nv

sensi ng, 15he ttheraree posion Wihines behiggewh tg% OBPGLP FBRFY SRS Gat ed

area. Yel acoqueliiordfurticoddnygt opredehfmphiceabguendeand fredaioaninecean 30
i a

be made of netal'l’'c mate ndl or of plastic material. Preferably,
according to tp@v&hvention, the investigated area is conprised between 0.5

and 500 n2, nore pref gy, Aedongieg td thedaventdn, lafter phegethen BBeeass c
obj ect of the present inyention j VingesoddittmaterideSorgned to
perform the mefRbg BPIECHE MALFT! 'e\ﬁ%? gbggér@:aﬂ%&f@mog}%e%? sdh;ccordi na to the
above desgri pt gmdefite Bsnavetradipting powesignsca new radanse FeALENeY, AL, a
conput er program,t I code neans enbodied for perform ng, when
they 7 B 43S nERBNESE 9. ! . ared
Yet according to the invention, said radiance can be composed
by a group of one or more time intervals of radiance, said intervals being
contiguous or non-contiguous during time, and, in the case they are non-
25 contiguous, during the time span between any two of said intervals, the

radiance power being substantially vanishing.
Still, according to the invention, said at least two times ¢, and £,

according to phase A and said at least a time t* according to phase B can
be successive to the first time interval of said group of radiance intervals.
30 According to the method disclosed by the invention, said at
least two times #; and ¢, according to phase A and said at least a time #*
according to phase B can be are comprised between the first and the last
time interval of said group of radiance intervals.
Further according to the invention, said at least two times #; and
35 1, according to phase A and said at least a time * according to phase B
can be successive to the last time interval of said group of radiance

intervals.



operate on an electronic system the nethod for thermal sensing objects

" raccording to the above description. Another object of the present invention
is a nenory support, readable by a conmputer, having said programstored in
it, characterised in 5 that the programis the program according to the
above description. It is object of the presént invention, a device for
sensing objects, characterised in that it inplements a nethod for sensing
obj ects, said nethod h r h d §é§)tl on.
The i nvention wiil f%@!%?'&b%gggﬁ”gé%‘ﬁﬁr@ fupRidr?, e 2o eResed

det ai | ed descirbptA onAfldo F, lor irsstead pbphasepb s, S§|q 'ﬁ’@ﬂ@ﬂﬁj p@mpgs%ﬁwq, mted

to the partic with reference to the drawing figures in
whi ch: fi gure%igglwg\%ﬁ?ﬁsg%?gﬁg% .a d of thE .t her mal

Ic mappi ng of two ects
background, accordi ngGtin thRecqsa &atatg . Mafeyial e°f28‘>én5W§S 'Qu% edy RYSCE 47
mappi ng @f Wy BRiEF irbtrNEh&de Fh@o%r?ahwhgfoﬁmhmﬂmdlcﬂghe @onbigered hni que

proposed by the present, inv sho a
devi ce that i Affi%eréihe three Y]%Pﬁ%c?%%%&dn rPS“aFSSV)%@% @ lt/\rl\g'lr‘lél ng%ff
shows a mast efedpsnge t@tharduiaass optetmeferial the sougmmjectpatau@ﬁosad tqo
figure 5 showB the )rocessed i mage of a breast part of fenmale patient 1,
where the cenPP&l gion shows very small black portion indicating the
presence of very snalH,inotiel ezse that theeessutiodfothe eemMAGriseniot Phagethds
mast opat mass égn ted second
‘LOC pat Ingg?tn?glftﬁeﬁ i Iﬂzgﬁ} e%f”r%%h@ﬁsé 5@t ddlénc?ef Sfiﬁﬁe iPREStiGE

25 fenmal rocesse fg a reaé part of
f emal e pati entobct maslerlall uqssrr@t@learlwieageewtmm BN g M@HP?&COHHR dp:

figure 8 sho t [ §é&\5 traBidhbe Bowar tdhidr & neenrddiamed-i ent  3;
30 figure 9 Wﬁ’&‘gsg%iﬁ‘ ngr gggiggré@fm%f%eﬁ@ﬁ e re%?t part of patient 3, where
t he cancer rraé@diign@hamgélbacﬁrﬁ%lpf‘ﬁ e dul emss isinred; figure 10 shows
a first imge of a grpuﬁdhe%atgeomatmmmpm #HEo cemipariaon i gthasent is;
figure 11 shows Sec ge of e by a
usual cah®ra, rl%@ét\’%etﬁafisl r&ygve O?Efg%'? ure B-Fe' ﬁé&éﬁ&e f Hé)ma%é”é‘b&\/

Irst 1 mage of

area portion (the ifiestigatetirobiadti dpmsedearty agise Wik the rwoof a(ab-@s@ﬁwlrte@

t £ b
Toert on. oSBT, O z@gﬁggcstrﬁ%ﬁm@fi'@%:wg%ﬁﬁg;wgh

t he met hod acmmspgndlngtthdhemkém iof fegRANSEy tonFadirNeg: WSS ual
phot os), cont ﬂg a buried archaeol ogical site (colour on grey). In the
follow ng of the description it wll used sane references ixndi cati ng
same el e@®nts in the fStifwreterably, F‘ﬁccﬁgﬂgi @Jﬁ‘&‘m’aﬁ“ﬂ% r%rfoecﬁn%lia(){ Af&gure 1
and 2, wi th thgq nHERSlIowhg bﬁélﬁ?ﬂilﬁaﬂﬂwésestaresperﬁwlnedt ed a first object to be
reveal ed, with the nune ref c ect to
ﬁﬁ?pﬁgnn igipl%?%f dlhﬁdsw Et di¢ o?%l BRMMBR

be reveal ed, whereas W eér ence I's indicated the
t her mal backgrg@ughiobyecfs @uraa/ezageaesurfeﬁeloéﬂ\m a") "b" and "c" designate

respectively 15 a first, Oe?inﬁ%ﬁo&dm%wa?sft@'b(echdbhf%d)fmqgﬁrﬁs%ﬁ%l@éé iopn

according to the method esen I nvention. Applying now a nethod
known i n26he ame,lrQhamMS@StthPhYéiﬁ@' ParamsteEd: a buried object, for instance

made of metallic materl] Q:iefm-ﬂb‘?u 51 el Eadl@mﬁwlrﬁ@ﬁfsdmfn@ames tdfiehe rseme i onal
technique will reveal 0

surface e we w il have,
in the graph ofsharagﬁgrléthp%ﬁl@%}rP@{?'Bﬁt%ECbﬂg?%‘c tﬁ%§99§%6$%¢tst he first
exam ned object 1, eventlhplht'@ftaemtentlantchbmmaamsmsﬂmm tevise ciiligingsth@i ned
obj ect 2, as gﬁaﬁ ground. Such constants tenperatures will
coi nci de) as a?P%%{a@OHé@E?% ecause of the thermal dispersion, when the
soi | thi@oess over thip welijescof itina spangiketwepn said groups of consecutive

radiances and/or values of time spans between time intervals belonging to
said group of intervals of each radiance;
i) the set of M parameters, with M21, P4, Ps,..., Pu, to be

measured,
35 iy values of said at least two acquisition times t; and f;

according to phase A and said at least a acquisition time t" according to
phase B; |



25 large (nore than few centinetres). Com ng now to apply the nethod
according to the invention, suppose, for exanple, to provide a snmall ground
area with thernmal energy by a lanp which is switched on for a small tine
interval following a tinme inmpulse defined by a predefined function. 30 It
is created in this way a situation of instalglity that produces on the
ground surface a thermal non-equilibrium Once term nated the heating

phase, during the ground cooli d ature digf f ex: Wil
establ i sh between theV N?F@F&Tﬂﬁ%ﬁ)@gq@%%‘km@h,” T Iabﬁg@?ﬁﬁ@ti ons
of the conposind @uliafceshe | ayers i nmmedi ately under the 35 surface
previously irradiated byt [ LAkIRNwith an#, vyl ngpt hailiseguht i ng
el ectromagnetic spectY)u%?hfjggr%lf %‘%’r]ekgf)l Fﬂ%q‘eg{/i\mew of ’afis%lf pti Lon, reflection
and refracti osensing\oamappéngper ati ve 9 contexts, one nakes use of a

SOSARO - h t afvatioAMahaL tHoratimasl )
scanner i % of the si gﬁégeflyﬁe@rééleu%kcmﬁd Qérfﬁe VE

In T ency and in anpljtude as to have, in
the recepti onpphesds qomrigsdeinet mt%’h’ﬁ’brd?él‘f’%emtreﬁkd Epaﬁhtémﬁﬁmmﬂ& site.
]? Thehut i Se?}réf%?ém)i/ tHithd téral Elic%tl/@%g"o._eﬂ@nd iaom irveisf thee «reamiiapoawqfrolvmsﬂf?ks,h

or the sane Used energy, typica ey ar ger. ; evel of the
average eni ssitl@t saig e%armorE&@w 1y '%E?P@E%gﬂﬁén%ﬁog{bg#energy peak
will be typically subgiafieeksly, dtcordiegtd tregineactiars the singtepradiance &akesr ocal
ratios. This is nade, 10 so as to.hay above first two
frequenci®s, CH??Q%SLérﬂﬂg %ﬁaﬁ%‘%ﬂ’%@ %?%’%%ﬂs‘f%’é@g"?tgﬁ}ﬁd surface and the ot her
in depth, at the surf fcefecdbly hecoetding i tosdhe . investiamovaid hat depsledéncy
will give at the tL g, A i rter ' 1902 OfifRer BdidHt

addi ti onal inf%ﬁsﬂ% l&‘gﬁ@%érgﬁithg%&ft?ot"%gg'epsgrbg%gﬁ@ tof % he S%Eile Stallic
syst em under dhteevalaaftena tihe coyrarisedabelyasing o Bn(gr@ Pr BXER P %r@g& on

wor ks on two do%i@%éﬁ@?éﬁ&%k%@@m ibhiRgldr eenetheyendof said intervdle fiel d
of nearmddle Tnirared, visible d

have beemSchosen on t MECREHRI & “’?%ni@vgl@t'%ﬁbgi{%‘gighcgﬂgq&gﬁéf |CBrrb et es

t ar get - obj ect | hagkceupsivarpl 35@hivoand 0 e mmreqirefesaly rtwean @drandst and
required final _resolution. The receiving frequencies are instead chosen in
function of no?@EM eduction and maxi mal effici ency of the objects

i denti fication defi ni tRreferaby, atcartiegdojtiee inventien csaid psauisiionratgine@ ¢ ce,

for exanpl e, tig%ggiég@%ﬁ%ag%mgggm gg%g,itgiﬁgg% atidedy, #fnyentional earth

vehicl e, analy orm ol.l.ow n

) I | g ~ocedure: .-
acqui sit26n of a firstAdopsgiagde thesveption §aldacHIRYO r,:@:ga_ Y5} eMissiRner al
space area/ vol ynbs L0 iR ATR! preplablyidisiost ireasraspandegeefofthe taid cbhe i n
the mass menory, Waiting for a SUCGeSSi Ve DroCesSing: .z € :
si gnal s beam t 6R&RPASS t Pe tR o%h’ﬂ?%@ﬁtp CﬁHgafér@aﬁs@att?%n%%ﬁﬂﬁ%&
"heating and sgmsithitdly & baclgroumtlemissidrhe obj ects present therein; such a
phase is very inporta LN th | t.0 I Vatal i
- depends nostly on it: n‘lgrr‘???rﬁ’i%@’ pﬂg%oggiﬁett? n{cpeetegﬁgﬁ#q%@bi @Es%‘iegt? Iggh o
proceedi 56 t 0 paceptiorr satompriséd fhatvees c3H@ enmnareshi Ksinn Mergmpreferably

m cro-organi s %8,} i or other sought object's details that are
known a priorin,gétvp @Eloér}'gwﬁsn n’pl na nore or |less rapid sequence one or

more successive i magesAcearginge® thedrpentian, dndne case of deemal Peasiie: dPfer, to

gi ve an hi StOrl’hé}fnékﬁﬁmetré%@ﬁib‘égﬁla@é?ﬁ@yit@eo nafroat thexinuéstigated afed.he obj ect s
and of the surroundl ng _neans. || i

function of tine, of t et ?ﬁ@rﬁ@gltgﬁg‘é l{’r ¥ %B?ﬁqgv@?%%ﬁgg{egﬁg%te?%gﬁ
backgr oungh be made of metallic material and/or of plastic material.
Preferably, according to the invention, the investigated area is
comprised between 0.5 and 500 m?, more preferably between 1 e 30 cm?.
It is further specific object of the present invention, an electronic
device, that is designed to perform the method for thermal remote sensing
35 objects according to the above description.
It is yet specific object of the present invention, a computer

program that comprises code means embodied for performing, when they



In the practice, the nmethod here proposed adopts a new approach to the
‘acqui sition of the informations, to their managi ng and to the recogni si ng
of the presence of sought objects and their constituent 10 materials,
through the activation of particul ar paraneters/groups of paraneters
associated to sought objects and to the sought materials thensel ves. Said
paraneters can be) for exanple, in the case of senol ogy, the tenperature

difference dT, the difference of the p{@g@%ﬁﬁgﬁghhgﬁﬁ@:%‘%ﬁsm Jogglé%% and the

| evel s of LDBOPerigte68iaryelectragicigysigMe aeotf ogy, the

usef ul rreasurg@édcﬁd rgRme aphsve dpsdnibtiohe tenperature difference dT, the

emssivity E and the L | umi nosi ty, |l ev : , roposes
LIRSl I RRIF I ey gty

the foll owi ng phases Arpth ion of inmages usefyl to the
recogni sing. redteibidby iectorauteh enaving saitl pobgrest storer eiksFEH3CeHFeaVRr age a

surface qof 1 ﬁ?ng%é'ﬂ%ngg?'@ﬂ'éﬁf?&P réf?\eac{@@f’cﬁﬁ' & e &dvdeddddriptiohn terns of

val ues of° t he tic physical paraneters; Za -. definition of the
background in terns oft ishebjsatefpiiesinsasenianrBlIAt sacHBYER TBr SEE P ar get

obj ects; - i nRilecl ABHEGLIGMY FIAERRIApIEHEMS d Metiw thmsaraing Dbjests)g the
sensor of acqﬁlB Itrron; that 1s: I he tine interyal mween two

di fferent eni saicomethad tzng the m@zwf aegoripede gj%abg‘ﬁezgésgﬁﬁ' to be::
reveal ed as a consequ§Rggn@ntiohewidsey eeddnibed iegreateodstaili inithe tfakkowing

f ies f, and fz utilised.in the first ' Fotecttoral e, th
ut 111 sedtd r eqistaleskdesériaiiy 8 hiSredin kol EHERIL Y by Moriete, ;1
mzi near -m dd';_%riicﬁ!.fléradrﬁgenfe&émd&t{Miﬁh@@'ﬁ;}g@ﬁ\&ﬁﬁgﬂgﬂmgm@land 600
(0] In emssion gn | q %]e @héms’taﬂcn ?lrf‘g’;l%ﬁ it i8s08) f the
ath o .9(%'8 i case d

i nvestigations, such n-every c onprised between 1 mand 15
m ar ound. 1 théfrhairbackgmaindhaserdingrte the peedd t o the acquisition of row

data (as above speci fifigg?e 31 ohe tﬁe@gﬁaﬁﬁéﬁﬁ%‘ij iy 6f twidiebjeareandibf threnar ds
one processes the acqurred i mages and p

_ roceeds supst anti al lﬁﬁt iﬁ§ H?or]i'he
at t ached18! ai rhackgeaundeaaserdiag ity the BshNIERIREAPIRTC P% ¢ fation,
corresponding to ti ”EE’ri[g@ré‘B%hlévJs”a bidtkrdagranr of s devied that ingplementhithe sum
the map corresponding to tine,c is subtracted. In the case that the
radi ati on val udsthed agcording {0 theeaioh of map points are larger than a
certain threshold (derf%m@léa AgsHOW A enastsristdggatical breast peg) 9f, a fifd fpmelence of
an object is identified. 10 A successive conparison of the three nmeasured
val ues of eachp%t('ﬁrﬁﬂ’of the investigated area with_ the functi orT; of known
responseogf the naterifguraid shayww the peocessedimage Pﬁ&tbrﬁﬁsgﬁﬁﬁeﬂlfﬁ Al s
wth said nateri n j hioablsBowat { tshefl Bladk esstibor
i dentifying thBa@%ﬁg&%%éj}gc%@O%g%%P@qum exgﬁal es of élla ?Iué)é'% sed
mappi ngs as abiwicating tiev eressncane’ yaRH STk RRIREgu. sgrfanmC ﬁo %r
di agnostic of pfashd aRaEepaEewass; and on the other hand in figures 10
to 13 for the sensing of buried arch Logi [ n ichhg case
.of baggage control at fggi-’rﬁié&EPWSsadﬁgé,ep%ggépogoés??%gth%%/rge%fﬁ?%gcggteeri al's
to senseixgret aksméMpatieht8tic (P) and explosive (E)) with (approximte)
val ues of “character st} B3GRk (RB'AIGIREA iMRYELI Aokt e oiemalbabl e:

patient 2, that illustrates the structure of a central cancer;
figure 8 shows a master image of a breast part of a third female
patient 3;
30 figure 9 shows the processed image of a breast part of patient
3, where the cancer mass is in black, and the nodule mass is in red,
figure 10 shows a first image of a ground portion taken from

above by a usual camera;
figure 11 shows a second image of a ground portion taken from

35 above by a usual camera, and then filtered,



ccpaxXML00350Q0. 1785016 10-6-10120P0. 11300~1 . 0A2000.1 10-620.

‘5E~1900Q0. 91 50-5000. 7 10-6~1-20.1 25 where ~, is the average thernal
conductivity coefficient, c¢c the average specific heat at constant pressure)
the average total em ssivity factor, a the thermal diffusion coefficient, p
the mass per unit volune, X the nmagnetic sugcettivity, ~ the coefficient
defined by the following relation: ~ = kl (c~D) 12 where D is the thermal

diffusivity and k the, el ecﬁ]{sgjl%lwgfggﬁgﬂrgg% Yof ffa€aMd et (ﬁabﬂackz

quantities being giveif4ys fem s units, exce E for the
tenperature thiksiigated tiiouBl tireansthofl eroring HedheNosk FoNFaRiNGa?

functions rel Ehé%??[ﬁ?\agﬁhﬁﬂéa“”%?Qﬁ‘@ﬂrﬁﬁbgk)'~ to the tenperature T, in the

case of inves e in regi on, . cont rafst[?"egi n | evelrg @f bl ack
and white for porti onfigirei Maesshiays ed §PERNGr MG P! N6 PG P28
levels) of th?qv%rﬁﬂﬁteafthﬂcﬁg%ﬁ e Metf&4 fREoRirmNdo ahe SnfentioR shadybwithned. | n

the case*of a on relating the parangter ~ to the .S8lYity, case
of X-band, th@ackgoundtaﬁelrbbi@@gowh%a@g&@gfa'@aﬂt?;’&'ggoﬁéﬁﬁg&?gﬁgygﬁtéer 0
magni t ude for Awﬁvftmsﬁe?t erials' famlies are obtained. In figure 3 is
illustrated the ock™dragr of. a devjce Lnplenent st

according to the preslé'htt gn%lﬁv‘f"agl.oééb% Ségﬁﬁﬁ’émﬁgr‘%?lﬁ@e@? Qge&ggﬁgati ng
| anp; - a campgRreméesdor #RiicHing sammetementiirathadgures ti on menory; - a

synchroni sm gener at or Iégéﬁﬁnﬁqﬁ%ﬁﬁ%ﬁ@fmtﬁ'@% g3 dyitththerfGrkRitall ons of

the camet@; - a cal cul ‘nmage~acquisitjon, and - a.
cal cul ating syesferemdeot! if iseigdicatastadisstrapiectie s R ke Y 1S BUBY I8l to the
invention is ”Séfe{rgbcé 9t [ flElientd Qdedin BBfoal td edbiiasied, amareds with f or

S p

ot hers obj ectd nce astic an d prodycts reviously placed
under the grouhd numearicakrefernee 3 lél’#dn@‘ﬁaie\ggtﬁé “fq%rr’“%'rcﬂa&?‘g‘”é’g%@n difficult or
expensi ve to sense anqntﬁgﬁfb SRRt Efréicdst al &b wadddtdesigmdterenpeetivetihe
costs of the device are (

E b et & bacimb s S o SHECPPAT doRdfig/gring o
exi sting ter MogAMRIAS tAe ppeditt imvattpnavai | abl e sensors useful to the
2tapted to the method ARRUIE Nane: Myt [aPhahias A CEREs 38 RIS S Ce
according to thsear assuried avjeot, ifoninstanceapade ofrmetalic Eﬁéer[!ﬁ'o&hﬁeéaﬁ? gh
G oroung 4 ArbHE GBI e g ethad ot cema oo stos e
over ¢ he 2gr ountbropatature s inghwevdiayand braaeh o Boti LoafinetpRdfilere
sensor itself. is a constant for the first examined object 1, eventually a constant function

for the second examined object 2, as well as for the background. Such

constants temperatures will coincide, as already described, because of the

thermal dispersion, when the soil thickness over the object is sufficiently

25 large (more than few centimetres).

Coming now to apply the method according to the invention,
suppose, for example, to provide a small ground area with thermal energy
by a lamp which is switched on for a small time interval following a time
impulse defined by a predefined function.

30 It is created in this way a situation of instability that produces on
the ‘ground surface a thermal non-equilibrium. Once terminated the
heating phase, during the ground cooling down phase, temperature
differences will establish between the different zones of soil itself, which
are functions of the composition of the layers immediately under the

35 surface previously irradiated by the light radiation.

In analysing the resulting electromagnetic spectrum from the

point of view of absorption, reflection and refraction, in various operative



13 The present invention has been described with respect to exenperly

‘enbodi ments. However, as those skilled in the art will recognise,

nodi fications and variations in the specific details which have been
described and illustrated may be resorted to w thout departing from5 the
spirit and scope of the invention as define® in the appended cl ai ms. 14

CLAIMS 1. Method for renote sensing objects, characterised in that said

obj ects are in rﬂﬁgtgngbé hdke8luskN$ %:Eéw@?%?sé §@rlésh@1t dé\ﬁcd@rthabberfdrtms ng

time, 5 and i®° corrprlsest isition of a

map of the radhaautomatiodPhganieh SeRNSINGaL ﬂ%f gm@F%,frtelogﬁn 4L within

or behind whigh {U%ieOQb%% éo'n@v@%$I¢é‘$&ﬁaplt|§nwasest@@dbbleb@edﬂd)mbga@tlcat a
first tine t, Hd , such times being successive to each

other; 10 B. Eﬁiqtﬂssq’ftth%ﬁ”é'ﬁ’sﬁ 78 of the radiation coming fromthe surface
of said gortion of spake, utm@mrt@lmrmixeats thet Miasth” ionst avith Cifefent @ower from

said at least t I at
| east two ti mP§aks fa%ef&‘f”é%u%%i 35‘%@?4 &fyﬁﬁé‘ﬁ%%@'}b ase ier”%%ﬁ ife léﬁlg)gctl on
of the map at tisabveraggentissias threshwidi ng from t he phase B, fromthe sum as

resulting fromthe phgggggm-ﬁloﬁggﬂ?gér#&ﬁjh%ﬁ;g\egﬂertdy éézkl wmsbe)f pmp

portion of map area a ase D shol val ue of
the radiation subdmdadtly tiree ftewenﬁlﬁéwlﬁl opffmalHecp a*bqﬂ fﬁ\‘ PEde.

Ldent 1 Tt °§P°Est P 1R STcaBbe@ by e OMGR firgidano | fraceiriolss, | duffemnth t he

sought eri resu t he ari s n of th
provi ded t he mcat;em@s AAN& N @@sgr%'r‘@e?‘t"g?‘{?ﬁﬂﬂb £ ﬂth&r § @%ﬁém%% tgns of
fﬁ;ﬁ zg?get E(r)res A dd\?&ﬁé‘m@ta\msélf V\hoEgdval gerf:)r Sfu d IJ:a:jl ar;il onml%? I?regleged
in that, before said %ﬁ&s@bﬁve gthgg/béﬁ‘ﬂ%?rﬁ@ %\;th@ %1? geaner g§ régil?lance of
L he gr ea portnﬁtérwréﬁiummn trehitwd aﬂmem arrcngea mf@égf@@ &zgrtwgemmssgd to
e, by radiati ener et erm ne

57 \er HOHeERR Ry @ Pk ThEtal eyl RaEY oBeuhy Bl

power . aim acterised in that, after 30
phase F, in the case tTat sysiemongesntding feather PEASERBINVESHIONAWREKS PBA™A t h t he

sought materi éﬁ‘d% r,gdfrg L&Y onand thenfigldr afliresare
frequency and edlgﬁgedfﬁ%da n \;st/b ( é4 ypﬁ’]g;d according to claim2 or

3, characteri smcddlenrtfmed9&$lﬂleraétﬁ\é{ﬂé\é'°l% conposed by a group of one or
nore tine interval's offRbefdictrequsmicl halebee shchmmgnd:rwbaga@tﬁﬁwe;)r

non- cont i guous durln tlne a ey. ar,

during tRO ti n@@ﬁétn Qﬁcga?df%u%&aggﬁ%t'?ﬁ 'Pvé?rn%o ﬁoégad ance power
bei ng substant b@’thé‘st\éﬁﬂlrédjunr@flnalléscﬂutlcwbt hod according to any of the
preceding cl ai s fromﬁbélgg%e%ﬁg %Iré NnéBat &Msdmin |f§ﬁ§dori\w tines

tl and t2 according to east ti t* r.di
phase B are sunorsesrmmduont aodf lT‘ra?,Qm@h rﬁf"f"ﬁrt‘(é’r Wi a"ﬂﬁ ‘?ﬁ?ﬂtsg 'f'8laP$%d| ance

intervals. 64 R%né%?ﬂié’b@gct%om@f@fléﬁ the preceding clains from2 to
.5, charact erl se8

|'east fwo, tines r to
phase A &% said at Ie@spr%tlﬁﬁnéort exapp dﬁﬁgs?r@'éﬁ]ggg% 3’?‘@%%‘%’? |q g%d
bet ween t he f| ?/b sdur By (coAveriinal iearthi vehicle abnalfsingite gragug byf perdenninge
i ntervals. d accordl to any of the preceding clains from2 to 6,
10 char act erl sé’&Pf 9&?5&& least two times t, and t2 accordi 28
phase A and said at Ieasacwlsltlmof’a first onayengf the poriise of KPENd @eadshve to

the last time int e%?&ll é)gacceaér%aﬂfo(ﬂ%e?fo badiriNsed, Wil WRé&: storing of the

30 same in the mass memory, waiting for a successive processing;
- emission of a signals beam towards the ground portion under

examination, fitted to “heating and sensitise” the ground and the objects
present therein; such a phase is very important since the result of the
observation operation depends mostly on it in this phase one indeed
35 decides whether proceeding to an observation of fluorescence in emission
from micro-organisms, bacteria, etc., or other sought object’s details that

are known a priori;




8. Method according to any of the preceding clainms, characterised in that,
'in addition to phases fromA or Al to F, or instead of 15 phases E or F,
said nethod conprises the foll ow ng successive phases: G in the case that
the material of the investigated object is identified in the phase F,
conparison, for each portion of the considet@d area, of the three val ues
acquired in phases A and B wth the curve of response to the radi ance of

the material the SOUghtdg%\% tn iasm?#@%ﬁqggs }Qpiacge@geﬁgél,e@f bheidr tnbee case

that the result of the i'son ase G1s negative, that .is the curve
of response tsutdessivadnages afapted GOMRAEH AT rB%'j%?@tW' P@Fﬁaﬂtber’ es not

clearly agree nith tibey upirefirapisttenadolr atled exatatsr sf MeobjeBts dedi i ti on
of a new radi ance. power” and a new radi ance25 frequency and go back to phase

AL; 1. in theot@essurmandingeMpPa’Ylt of the conparison of phase His
negativek that is thencigye Phars ehpasdentaunbeasafunctiencsf time, whtteei al  of
the i nvestigated object does, clearly agre 1 n of val ues acquired
in phases A athermal pAdHenY & |°0C?PJ%&({SFﬂ8 %%b?g%é}%urﬁ# t he one 30
correspondi ng to the putihe pfactiesptesenetbodabiesnduopesad AdPOtH PphaR¥s G and

H 9. Method accordi Q . t e5AMtd8 s CtAtHEr mEha gged in
that, prior t@pﬁﬁ%?scbqg\ th? %%?(‘",sﬂloé" ?gﬁé(r)vﬁm ng t'rlagﬁi %ﬁ%@ P astgaﬁs:m‘:}argg!j
perforned: 35the detagriigingrofdhet presemes @ﬁlsoégﬁéﬁ@e@% apfl eirCHR S thor e

sought ohjects: . ..1Q - {Mithbo iRt &Fi phiicurrbearaiseters/igesups roft er ms
of val ue@ of maetﬂ'élgheatpgﬁdeﬁ:it@?i gcp a%gﬁt:@' §ar§£§t e?@};e - -“dﬁfig %5 PlleOf t he
background i n paeamstess assoa@iedo r§RUgRE RPIeHS e 4P Bt sopHls Matp
par anmet ers Ch‘?ﬁé‘rﬂsé@ﬁs.t he sought objects; 5 - input of the detection
characteristics in the device utilisi he | Siti n is i)
val ues of tine spans M%@W'@é?ff ﬁ?rbggj%fe)%%ﬂ)g%’c@t#ih\%g? a:%dlaf;%%rééslgg_%’d/ or
val ues of ti mangpampeketacsifietsnte AThtres difleserinel ofiierrjovided et gugnptyor
i nterval s_of each radi ance; i ).the.set of M paranmeters, with M1, P~
P2, ... 1opm jéaﬁg%%&fge@%wgm'\bg?‘@s of said at |east two acqujsition
times t~ and t2 accor dhadot thelaapkcatioanin atehaealodyeia usehs qUPIFYS time
t* according to rgﬂwg?&s%aﬁlbse {hﬁ?te@e‘r‘%ré’ﬁiﬁelﬁ@ncb hremaenmiservityw and del, f~,
N1 I ances.

f2,... f~, ut i F9 i'n The ra v) values of the L frequencies, with

L> 7, f'~ f'2.DBluminegityleveised i n sensing or mapping. 10. Met hod

according to any of thg quReadiRS nedthbdropeses2tieofdlowing paasestfar thed i n
r

that the radiance power 1s conprised iLn,the | .between 0.1 and 1000
times th&0r adi agival arsimisitiangl '%&ﬁa L@ﬁgﬂ&? n??brlreg%ghié 's provide in the

equi | i brium condi tions. definitidet dotheamirimail objerc s adipnensionse opr @¢F@DAAA cl ai s
from2 to 10, cari Ca%fu{-,iC%Q'd in that the radi ance power is conprised in the

interval 25 beB\WERAS nd 600 tinmes the radi ance power that Saii d one or
more obj ects provide in defmitequif the matedaadpetidentfy, 1 temes V3D M ng to
any of the preged b ; gharacterised in that the single
' radi ance takesﬁlﬁwa%gar%ﬁrgb%%c.%ﬁﬁeﬁaip%garrr%é{iegéd het ween(%,tﬁnd %gemsigll?"
Met hod a@Sordi ng to any @afinitien pf & #RREOLAAHR I, § 92 S eri sed
in that said alo}fasterd MRosEMT §id tanget cbledts;mes t2 and t2 occur

0.5 and 60 & from the belPHnPRGRIOPR oY AECLREsfh 1 GeREL g tRbnecn
sensor of acquisition, that is:
i) the time interval 4t between two different emissions;
30 i) the M parameters P;, P2, ... Pu to be.revealed as a
consequence of the above three emissions;
iii) the frequencies f; and f; utilised in the first two emissions.
For example, the utilised frequencies belong to, in senology and
archaeology, the visible and near-middle infrared, for the archaeology
35 notably between 50 and 600 MHz both in emission and in reception, in the
case of high depth investigations, such depth being in every case

comprised between 1 mand 15 m around.



14. Method according to any of the preceding clains from2 to 35 13,

characterised in that said at |l east two acquisitions at tines t~ and t2

occur successively to a first radiance interval, after a time conprised
between 0.8 and 8 s fromthe beginning or fromthe end of said interval.
17 15. Method according to any of the precetiing clains from2 to 14,
characterised in that the radi ance frequency is conprised between 350 nm

and 10 m 16. Method feeqhdldgnkgedhedirobbbdPicurtbaistion o rwatatd to 5

15, characterised in ‘that the ance frequency s conpri.sed bet n 0.1
and 50 pm 17(as\evdnsdspeciadiiang to @ aﬁﬁyp@ﬁeﬁﬂﬁgﬁ 4GP éf%rWEf‘% 8rE »
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| east two acqﬁl sitrons at t ﬁgnss t, @ng t2.f ﬁo }‘g Met hod according to any
of the precedpiiachaceiaEn 1daas sveriplyd AN PRYSYi d acquisition of

radi ati om eni ssion valrhgawatmapsreotrespengihadedines ecanddpiontigwee? @ret he
tail of the response of e, su ' iAth tinSét| biraSt@gssi on
bei ng subst anfHEM Hp’bao\(iE’gﬁh&ﬁﬁgiﬁj?%?o%}el%%@mgﬁ}gtt%bg%%gpg?n% to any
of the preceding cl ai isthecbaseatitasthe sadiation valuashef AalPastAGAYMBE" Pedept i on
is conprised betwe 5 t ofdépeandiry adry ke the
precedi ng cl ain?%q iﬂgﬁgag{%pﬁa@ ?rgar{nhaatz%m%r%?saﬁgg {/Yﬁyglg‘enr;gt his

conpri sed bet ieasstigateda0atenial) shemresence arameiegtisren @dto any of the
pLeceﬂi claims, Cha?@&fc‘&%@@é’ Cb@gkh@%ﬁw oifﬂwéhﬂf?_e§m?e%ls@|f'ed walussl ofseathi ng,

the therhbcanera is placed up to m.from.the investiga a .

Met hod accor dipeintt @ haynstigatedaedalitadhe ch&gp %@‘W‘g} %%jpeoﬂ%e%f ﬁ'?ne t hat
the object to hgiehpfivii ghairedcdriainmdeatdf actatity Heals withesaidimategal. Met hod

according to any of the ecedi ng cl ai ng, terd L i Pbj ect
to be individuat ed is%Pfg@‘e&fa%“géFP@@EH‘B%%@@%HH%?Q@?ﬁ%ﬁ@'&r@%&di ng to
any of the pregr@hbebjethi s, characterised in that the investigated area is

conpriseg5between O-Sﬁ@ﬁgg% ox t|gyﬁfh99_@ﬁ§@d%mm aBYalsdve e

precedi ng”cl ai ns, cha ed TN he i nvestl%at,e ar ga |sbcor§1)ri sed
between 1 a 30gignwrRone hand@é tie diguremifomidy i@ & TFhdRAROSHF P8RS hat it
is designed to t RQRETh figefset B0 RENS ifogtHebs@nding
according to a%%%g}&bﬁgﬁ%g‘e%@j?ﬁgq%ﬁg}em fromg to 25. 27. Conputer program
characteri sed ofburies archae@ppicrs8®Scode 5 means enmbodi ed for perforning)
when they operate on ap @leeshédiit ¢asy sifepagddye centnadaf an alnportsl gstensi ng
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25 where 1 is the average thermal conductivity coefficient, ¢ the

average specific heat at constant pressure, ¢ the average total emissivity
factor, a the thermal diffusion coefficient, p the mass per unit volume, x the
magnetic suscettivity, # the coefficient defined by the following relation:

B =k/(cD)
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Said device comprises: )
156 - a heating lamp;
- a camera;
- a camera data acquisition memory;
- a synchronism generator for the emissions of the lamp and the
acquisitions of the camera;
20 - a calculating system for image acquisition; and
- a calculating system for image processing.
The search method according to the invention is useful for the
detection of metallic objects as well as for others objects (for instance
plastic and wood products), previously placed under the ground or under
25 water, and that are for this reason difficult or expensive to sense and then
eventually to remove and/or eliminate.
The costs of the device are certainly not excessive, thanks to
the fact that the method according to the present invention allows to
exploit also existing termocameras or other today available sensors useful
30 to the application, without having necessarily to project and realise
sensors more adapted to the method itself.
The investigation conducted with the device according to the
present invention are rapid, precise and provides high resolution, the
today available prototype allowing resolutions of the order of around Y4
35 mm per pixel with shots having sensoristics at around 1 m over the ground
and with sight at around 8 meters of distance from the sensor itself.
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5 the spirit and scope of the invention as defined in the appended claims.
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of said portion of space, considered at a third instant #* different from said
at least two times ¢, and £,

C. summation of the maps of said at least two times 7, and {; as
obtained from the phase A,

15 D. subtraction of the map at said time ¢* as resulting from the
phase B, from the sum as resulting from the phase C;

E. comparison between the values of each portion of map area
as resulting from the phase D and a threshold value of the radiation
intensity for the material of the sought objects;

20 F. identification of the material of the object under investigation
with the sought material, when the result of the comparison of the phase E
has provided the presence of at least a certain number »n of area portions
of said space portion, with n 2 1, whose value for said radiation is larger
than said threshold value.

25 ) 2. Method according to claim 1, characterised in that, before
said phase A, one performs a phase Al of energy radiance of the area
portion within or behind which the object to sense is supposed to be, by
radiating energy of a predetermined frequency and predetermined power.

3. Method according to claim 2, characterised in that, after

30 phase F, in the case that the object’s material was not identified with the
sought material, one defines a new radiating power and a new radiance
frequency and go back to a new phase A1.

4. Method according to claim 2 or 3, characterised in that said
radiance is composed by a group of one or more time intervals of

35 radiance, said intervals being contiguous or non-contiguous during time,
and, in the case they are non-contiguous, during the time span between
any two of said intervals, the radiance power being substantially vanishing.
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mterlsed in that said at least two times #; and ¢, according to phase A
and said at least a time #* according to phase B are successive to the first
time interval of said group of radiance intervals.

5 6. Method according to any of the preceding claims from 2 to 5,
characterised in that said at least two times £, and 7, according to phase A
and said at least a time t* according to phase B are comprised between
the first and the last time interval of said group of radiance intervals.

7 Method according to any of the preceding claims from 2 to 6,

10 characterised in that said at least two times £, and #, according to phase A
and said at least a time 7* according to phase B are successive to the last
time interval of said group of radiance intervals.

8. Method according to any of the preceding claims,
characterised in that, in addition to phases from A or A1 to F, or instead of

15 phases E or F, said method comprises the following successive phases:

G.in the case that the material of the investigated object is
identified in the phase F, comparison, for each portion of the considered
area, of the three values acquired in phases A and B with the curve of
response to the radiance of the material the sought object is supposed to

20 be made;

H.in the case that the result of the comparison of phase G is
negative, that is the curve of response to the radiance of the investigated
object material, does not clearly agree with the run of values acquired in
phases A and B, definition of a new radiance-power and a new radiance-

25 frequency and go back to phase A1,

| in the case that the result of the comparison of phase H is
negative, that is the curve of response to the radiance of the material of
the investigated object does clearly agree with the run of values acquired
in phases A and B, identification of the material with the one

30 corresponding to the curve of response to radiance utilised in phases G
and H.

o. Method according to any of the preceding claims,
characterised in that, prior to phase A or A1, the following preliminar
phases are performed:

35 - definition of the minimal dimensions of said one or more
sought objects;
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- definition of the background m terms of values of the same
characteristic physical parameters chosen for the sought objects;
5 - input of the detection characteristics in the device utilising the
acquisition sensor, that is
i) values of time spans between said groups of consecutive
radiances and/or values of time spans between time intervals belonging to
said group of intervals of each radiance;

10 i) the set of M parameters, with M21, P4, Po,..., Py, to be
measured;

i) values of said at least two acquisition times t; and &
according to phase A and said at least a acquisition time t according to
phase B;

15 iv) values of the J frequencies, with J21, f;, f,... f;, utilised in
the radiances.

v) values of the L frequencies, with L21, f’;, a,... Fr, utilised in
sensing or mapping.
10. Method according to any of the preceding claims from 2 to

20 9 caricaturised in that the radiance power is comprised in the interval
between 0.1 and 1000 times the radiance power that said one or more
objects provide in the equilibrium conditions.

11. Method according to any of the preceding claims from 2 to
10, caricaturised in that the radiance power is comprised in the interval

25 between 0.5 and 600 times the radiance power that said one or more
objects provide in the equilibrium conditions.

12. Method according to any of the preceding claims from 2 to
11, characterised in that the single radiance takes place during a time
comprised between 1 and 30 ms.

30 13. Method according to any of the preceding claims from 2 to
12, characterised in that said at least two acquisitions at times t; and f;
occur successively to a first radiance interval, after a time comprised
between 0.5 and 60 s from the beginning or from the end of said interval.

14. Method according to any of the preceding claims from 2 to

35 13, characterised in that said at least two acquisitions at times f; and £
occur successively to a first radiance interval, after a time comprised
hetween 0.8 and 8 s from the beginning or from the end of said interval.
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least two acqwsmons at times t; and t,.
10 18. Method according to any of the preceding claims,

characterised in that said acquisition of radiation emission values at time
#* is placed in correspondence of the tail of the response of the supposed
object material, said tail emission being substantially a background
emission. _, |

15 19. Method according to any of the preceding claims,
characterised in that the wavelength of reception is comprised between
350 nm and 10 m.

20. Method according to any of the preceding claims,
characterised in that the radiance wavelength is comprised between 0.1

20 and 50 pm.

21. Method according to any of the preceding claims,
characterised in that, in the case of thermal sensing, the thermocamera is
placed up to 30 m from the investigated area.

29 Method according to any of the preceding claims,

25 characterised in that the object to be individuated is made of metallic
material.

23 Method according to any of the preceding claims,
characterised in that the object to be individuated is made of plastic
material.

30 24. Method according to any of the preceding claims,
characterised in that the investigated area is comprised between 0.5 and
500 m2.

o5 Method according to any of the preceding claims,

characterised in that the investigated area is comprised between 1 e 30
35 om>.



Z@10% 8% & ()-Gl% 2 0@L10W& ()-Gl% P@10% % & ()-Gl%

‘9@ O ()-nbD|[:-510% @I0%WR ()-Gl O@IOWR ()-Gl%w G@&&10% % & ()-Gl%w O
0@I10WR& ()-GCl% z G@&10% % & ()-Gl% $ 0@&10%9%9& () - Gl~i cB510%

ADTTI0B K& ()-:9v0 1 10%K" & ()-: 9¢cO 110%K"& ()-: GB 110%K"& ()-:

9S10%K" & () - 10%.0% Nor mal " " Headi ng 13]c" "H&ading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c"

"Headi ng 93] c" A "Def aght FRsdtegicrfdvice, characterised in that it is designed to
Font v#+4e<ENV/f %p

> @HKORDVNXY] ]PE_B% e t@}#éﬁ&vﬁ H%sj%%‘k‘ﬁ/‘ %%%Z‘?bec S2PS AP 9GRS BTERIANGAS AV} ~6Ti e

s New RomanAr icfitoprdcediniyeniéimsRoarn ot 25:Wor dDocunent (
AR () - 012345%2% mpwuter. program. characterised in that it comprises code
<=>7?@A\BCDEFGHI JKLM\CP _ W[P ,g_' abcdae?gthl | E? mopgr st uvv?zxy ~,
5 means embodied for performing, when they operate on an eﬁa{ch}omc
system, the method for thermal sensing objects according to any of the
preceding claims from 1 to 25.
28. Memory support, readable by a computer, having said
program stored in it, characterised in that the program is the program
10 according to claim 27. |
29. Device for sensing objects, characterised in that it
implements a method for sensing objects, said method being the method

according to any of the claims from 1 to 25.



