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; e3eWs\W223T4" 56D66z6T6af 3 A METHOD OF REMOTE OPTI CAL DETECTI ON OF GAS The

i nvention rel ates f optically detecting gas, in particular
poi tut1 79 gas, - and [TIHTRUEANE

able in particular to nonitoring industrial
sites 5 such as factories, refineries, gas storage installations, etc.
Proposal s have al ready™#8®h nade in European patent No. 0 544 962, for a
nmet hod of detecting gas based on selective absorption of infrared radiation
fromthe 10 BMEBIORIGYRENOTE RRT s IETECTIOR ®F ebASof observation, That

known net hod usesrah i Afdares, ifBaigaeJ?.safié;C% g%ﬁ#a%tgfaogg?téﬁggysnt filter

which is sensitive to the presence o d-for ga e transm ssion
band of 15 tdRESGHING 9afol UdePaRTIBHAT @Rl LPeEnd i gaabsdrpt 16nibi ne of the

gas), and a Ffiereie fif trr ot O Std et d1 M8y t Pondhisr prgsesseaf the
gas (the transnission band of the filter is congarable to thii of the
measur ement F490 &S FRCTAT (Fses TR GRIe 93 HREFPE | BRASFRACEF19BSei fi c

20 to the gag)s. Contrasts in the inage of the zone observed through the
measurenent filt and contrasts Jn the.imge of said,zone obseryed_ through
The reference {1 IAABSA APSM AP Sh RAE L M9 %or s BFEORPE0; HBHORY ( ne
flux differewcesd oo mhd,r dompa methaid dif fdreattirgpgast nagsd26nin the
observed ZO%%hlae'EchRPes%ﬂé% Qo 4 *E%EPanﬁeed"E 198Pon TPEohALLQ OF the

contrast in the neasurenent i nage (seen throu Eﬁ&t e neasurenent filter),
and inlhe refrgancdndfady Ea@d tHrRRIE tHe ﬁg@eﬁhﬁf@é ?flter) nmakes it
possi bl e by gajsuWlatigen to determ ne the quantity of 30 gas present on the
| i ght path between the background, of the observed zone and the observer.
This ratio of thd@InthRestts MSERah YRS Alendht F3RA r BRa9ehceS PREdES SFakes
it possibl ewiwtder reRrdhAidhedanditlityrs winiccH ol densit opProxi sRkion, to
elimnate 35 em ssionig\cific to, the Iooke&-ﬁor?gas and to be unaffected
T

by the temp&atWESA SIS 9 $a YHEeE S2H°2 oRBAn 8t he
di f f er diices thet Vedr esaiithdlenjzer atturlesa s tNewer td @kt ci dbdaspbien flaned t hat

when the ra f gr tejrg(}g{ d e LS. k 5
| arge, the %gﬁree%%%ss’ %g{a?c?r e dtgetrjf\%etesfelnlgb%%%}?({g%g %/éél h%%g\%#%]gg
concentrati &9 dhe prafaned &f & 13 De(dm di TrREnbHR ehapandecfrehbar enent

error is, ifjaddidiion comddilicondftidte Posidd aned sutdfespeeirdarof the
abSOFptI0n|gd¥3£¥ JggglﬁggaT%gfﬁdéﬁﬁke absorption line(s) specific
20 to the gas). Contrasts in the image of the zone observed
through the measurement filter and contrasts in the image
of said zone observed through the reference filter are
determined, which contrasts are provided by the flux
differences coming from points at different temperatures
25 in the observed zone and passing through the looked-for
gas. The ratio of the contrast in the measurement image
{seen through the measurement filter), and in the
reference image (seen through the reference filter) makes
it possible by calculation to determine the quantity of
30 gas present on the light path between the background of
the observed zone and the observer.

This ratio of the contrasts in the measurement and
reference images makes it possible, under certain
conditions and to a first approximation, to eliminate

35 emission specific to the looked-for gas and to be

unaffected by the temperature values of points in the
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. 10 A particul ar object of the present invention is to elimnate those

- drawbacks. Another object of the present invention is to significantly
reduce the m ni num val ue of the concentration fromwhich it is possible to
. detect gas. 15 A further object is to i ngrove the above-nentioned nethod,
~in particular to systematize and optinize detection of a plurality of gases
present in an observed three-di nensional zone. To this end, the invention
provi des a mddwved Zbheopindathy defreeténgegasebyeearnphelly observing a

t hr eedi nensional zone by means of a neasurenent filter whose transm ssion
band i ncl udeS P EFEN ¥ T absorption line of a | ooked-for gas and a
reference filter Newsethebassi sit onabapedesofoespohbstt whehathef ramge

reasur ement 5 dddiflolil (Rse POl LOE! MG A SPEChE! §5aPBRLPL LR, | Ne of
said gas, the nethod consisting In detecting the presence_of the gas by

det er m ni ng ¥auge difiereeresrpaent ageerfornfdt Ae gas anabésnPHgcitr om points

at differentydlamerst wies ddnesetstishi 68 vhadauteanddbyadetsr Beni ng 30
the ratio of the flux differences seen throug? %ge neasurenent. filter and
e

[
of the flux WMTFIhcANS et htpaghed fRreEe EOFi Efer 1Nt REFAEARSd bei ng
characteri zed fundthiedn idf Coriei & Sit NonSiAgtRal Speatkamt 6fdeher mne a
neasurenentéﬁ? nitude that is iﬂgepﬁndgné_ f 35 the tenperatures in the

cal cul ation M F et br 7R hg°87chPEUPafr ng the concentration of
the gasld rom sai A neEgniiadear tdbsebei of teéepnesedt bynwenghtnngs t® t he
above-speci@l(%{&géé)ggb§$nggggaék$¥ in the cal cul ati on wi ndow or by

wei ghting said ratio as a function of the difference betwen a

predet ermi ned t edgertian eokiiRCE hef t ERpePBEseREs SRVEREigReh® bAckground 5
detected i n dihg o@l Cafl Bty OFe dhAEOVRe | Ri RihbhSTald®l 8Fephat i on of the

i nvention, said neasurenent nmagnitude is, equal toﬁé(err%.&err)p)/K, wher e
(err) is thERBREHAIIDNEET AV PHCE (£F r 51 ROSRELhRahOf HEXSFR TRE -

cal cul at5 on W ndaw, fyrtitte e &t £ €epempitge obhé hebdberRanutered and

reference filters, and Kis, a hormalizatjon paraneter egual to (err)p for a
predetermluﬁféhﬁﬂﬂﬂﬁﬂtﬁ%FEﬁcYﬁ rc%?cﬁY%t?%ﬁthﬁd%ﬂﬁ @Phr™Megbal to 20C In
a variant i mdtersntat iah afplieal nventf opasébept&saprt hdd spnsbsesviead

previously dgterdiping for gdiffgrent tenperatures of the scene background,
val ues of the tenperature derivative of the spectral |um nance of a bl ack

body at a given Ehiehpredt ukke iRverBLeRnprehiedeenperatire @érivative of

t he aboue- mypd janed &lét%é@in%ogégeb§aﬂ&n6ﬂ!§9 8B3arivengenatHireeand in the
absence of gas, in recordlqg t he val ues_of said derlvgttvf in ngnory, and
in correcti %@WWJ\P&}%SZ%‘P e PeARTr el 7 aPFRSUECEeRhnEtBRY o RORE

di ff er ences theineeins ¢ien tieaper atcledesf at Spestehe daskgpoiiad andeaot
predetern ned 1%501&%?—3&%19[%% a:%r’r'cﬁea L%f!?ﬁeﬁ@é'sfP%ékbﬁﬁoLQ correct the
¢ enper a 0 t

effects of background ur es € Scene on e gas concentration
measur enent S.rIRUOrH IAn tardothrereshandst bei that of the Beapuvemensn, the

met hod za) SO GRS StSut IdbE d8ht t PndELEEt s aspLul Bl £t Yp0brPREEH, 11 ReUSNT a
set of filters of transm ssion bands that are determned relative to one
anot her as &¥hd@3%n e RBPPEi oPNFLARENGf LIRheehBSEENEotRE BERESPES i n

such a mannest tid gad iby edetisahiging 813k acfeeeevneeki phesihgr detecting
one gas is abl e .as_,a neasur enent filtgr for de ect%ngi?Egther gas, or
a

vi ce versa, 1 %ﬂﬁﬁxﬁgﬁi?ﬁft?ﬁgf??T%?g |ﬁ°%aP?§? gat gDt

temperatures of a calculation window, and by determining
30 the ratio of the flux differences seen through the
measurement filter and of the flux differences seen
through the reference filter, the method being
characterized in that it consists in using said ratio to
determine a measurement magnitude that is independent of
35 the temperatures in the calculation window and in
determining or calculating the concentration of the gas
from said magnitude, this being determined by weighting



.4 filters being for detecting one or nore gases, in naking the

<~ above-nentioned flux difference neasurenents for each filter, in

cal culating the values of the above-nentioned ratio for each pair of

. filters, and in deducing therefrom5 the 3presence and the concentration of
- the above-nentioned gases in the observed three-di nensional zone. This

nmet hod makes it possible to systenmatize and optim ze the nethod descri bed
in the above:lspezbhdvedskecdprad pateaot bybyhenpeenefilingiantaeer al

measur enent 10, of f th ch,,0 ]t u .and _t hen by
determ ni ng %éh%%&%iléki%%8§§?cﬁggg eéegggt%bésgéﬁdi%g?ﬁg gSsgrved zone. It
i s then possfunetion appl yhe hdifiEehedceobetiecent angradptaralineg of gases

whose speci fﬂ&rﬁ@éﬁ@féognamﬁgh@éxgpgkéulegg beophangcanat Bse,klg%éﬁ{athe 15

contrary, overlap in part, quite common in practice. In
preferred | MASRIRGLIRNCRE EALCHATERPN OWLNEAE- met hod consists in forning

an identificati ontireirixrsd WapLmtALat O¥E 60T tREPOAGeheibhe Tialiler pairs
and the 20 colums correspond tg t he gasei to ?e &Si9cted an elenment i,j
of said mat MSEHLTHER brARI byUERelEafABEat FOn (VaPhd/ Bbt ¥PRES MortSa pair i
of filters ithd hebgwveanameeiohed kaviw, qlhadsi theofreangd@d yx dn dgiection, in

formng a neasur nt vector _whose.rows_corr nd 1o the 25 filter pairs
and in mhickF%iléigéﬁﬁﬁnw%n?%%fe%eﬁfsat%%gﬁ%géggeﬁgﬁ?nﬁﬁag SR % er pair

(this el@nemedmirgmennsand utefigrénce ekabhpees, bgnad Keas af the
abovenentioggg: ' Lhed i ffegpenipoin ‘ e of
t he observe zé%%%%g?%fégﬁgﬁ?g%?%gﬁtﬁg&%g c%rrela??o% gg?%F%?Sﬁ#%ﬁgf t he
col ums of tirRIBeRFEYEe caf i Bhe ngdtERlakiant Wendedsuf efenedvadt 80, and in
conparing saigkgoefficients with determ ned thresholds in order to deduce

therefromthe presence and the concentration of the above-nentioned gases
in the 35 observel® ZnEr @b HPRLCTY ALt ARrOhshRet 1BV PheOPnvERS on, the
nmet hod £HNSingdtshod tsaPst $ oint heepilopore oétéomimbggpnéor differeant e

pairs of neasurene referen i ri filt havi ng
transnissioﬁ“%%ﬁﬁ?ﬂéﬁﬁgg %fegg%aggﬁéévégég%rg%ggfvg %g%smg%e?é%gth band and
whi ch opti onnpemestaplerivablvé nbAgthe spegeral iuminbseeved B zone in

each transmigssion g LiveNHLEY S&hGetaRgSS, | InOondalicl Agl RIS I UCt
i mages seen through broad band measurenent filters ana I mages ;Seen t hrough

broad band rEReRigI¥e |deFsvative of the above-mentioned ratio for
20 the same given mean temperature and in the absence of

gas, in recording the values of said derivative in

memory, and in correcting the values of the measured

ratio as a function of the differences between the

temperatures of the scene background and a predetermined
25 mean temperature.

It is thus possible to correct the effects of
background temperatures of the scene on the gas
concentration measurements.

According to another characteristic of the

30 invention, the method also consists, in order to detect a
plurality of gases, in using a set of filters of
transmission bands that are determined relative to one
another as a function of absorption lines of the gases to
be detected in such a manner that a filter usable as a

35 reference filter for detecting one gas is usable as a
measurement filter for detecting another gas, or vice

versa, in associating the filters in pairs, each pair of



. This reconstitution of inmages over a broad band of 10 wavel engt hs from

- I mages obtai ned over narrow bands of wavel engths i s advantageous when it is
desired to adapt the nethod of the invention to instrunents possessing a

- plurality of observation channels, or whén it is desired to detect the

" presence of a large nunber of gases in the 15 sane zone. According to yet
anot her characteristic of the invention, the reference filters are

synt hesi zed ffiiltexrs ey bfostdekeoygindi onéayersoaadghaesnginnmadkinmmr e

narrow ”a”SéHeSZA}f {l&&@@@%d fPr{%eéP?P%LQH %%&QS&Q apsar phionddes of
t he gases) for detection. Such synihesize i TTers can have t f aAsmssi on
stop bands thiditenre deteahiwkating ekie evel yeprefi thenabhave menyd ongst ovi ng

the sensitiwidy; Angh A e B 664 5F 0r OF 1 TBESY! €ARA i n 2Qebiic @nYath@Mefidm | S

possi ble to use a continuouslytunable filter whose transm Ssion band can be
noved act os$hhP iR spedt Fhien ePnGruerahyeRsofintiee abaug-maR&ddiad to

yet anot her gy AGerid ioMride@ tNvestionensNEnaet Bedeconsi sts in
conparing the i mages 30 bH?Ined thrﬁgsh tﬂg various filters with one
anot her in order LT kS et hoRefeht !l et AeBRStRB2EBEEr #8F and t he

observed zomgtand/zy Yy enettiod ddsor ibed obs ethedaBoner-spbeifeelod t hen
conpri sing reposi tioni the inmages,relative 10 one_another prior to
processing t P& %ar\%smi’o %Yi%‘élé\?%éﬁﬁléx né?u%‘ﬁ%léag? ?‘ﬁ%sgﬁg%a%nti oned
rel atiJvd nowvdreitusardinrugiy esch ol the nht btérsmisaiidand6thengby t hose
portions whi e t I it i b \% . s By of
exanpl e, thiag%nﬁ%lsﬁ?wgg%a @%%@g%?%%%ﬁe%%ﬁ?gnéﬁ%ssg$§§ﬂgx%§n§\§?zones
by aerial oBSEEMGDFEIN] | nstf uhentNon PosFibad BPrapaty bReameibed ite) or

performed ordyodietsrtialy G pl@Fabyt pcanngaged G668 whébBidiganera froma
fixed point. This can bhe done Q% gsin an ﬁ#gorithn1for detectln% Vi ng
obj ects in ARV REed IR, 2 he %?5%??Yh B LBRsFREFAGET n®Tc e dif i ng
t he piXd -t eogntearydl fdeseme hetpeen, twvioi ceabsr gatné tomges Laspectively
obtained at an instant t-1 and at an instant t; calculating a standard

devi ati on of & di%ference 15 i mage, thereby obtaining the overall spati al
noi se of the i madar & ipesfetkdaginmplémeneshodnl oEt Bhdatdvenviiani ohet o

obtain a bi parddmags Of sSUSPeCEo PRI Ay San identification matrix in
which the rows correspond to the filter pairs and the
20 columns correspond to the gases to be detected, an
element i,3 of said matrix being formed by the
calibration value obtained for a pair i of filters in the
presence of a known quantity of a gas j for detection, in
forming a measurement vector whose rows correspond to the
25 filter pairs and in which the element i represents the
measurement made on filter pair i (this element being
constituted, for example, by a mean of the above-
mentioned ratio values obtained at different points of
the image of the observed zone), in calculating the
30 correlation coefficients of the columns of the
identification matrix with the measurement vector, and in
comparing said coefficients with determined thresholds in
order to deduce therefrom the presence and the
concentration of the above-mentioned gases in the
35 observed zone.
According to another aspect of the invention, the
method consists in using, for the purpose of forming one



. labeling points in régions of related points; 20 ~ threshol ding on the

- nunber of points in said regions and retaining as noving regions those that
contain nore than (threshold2) points; and reiterating the steps on the

- reference images obtained at t-1 and t. 25 Applying a binary AND to the two
- maps of noving regions in the neasurenent inmages and the reference inmages
gives a matrix of valid "noved" points that is applied to the map of the
above- nent i aediont i pabdfsfofixnedasficementsantd raftaence. £30tkmsa waari ant,
the differe n gu e cene
backgr ound” Q&%rln%rgﬁtf?fténgﬁ%Q{q%QE%gg%%i g n?%%ﬁ .QHEQF gfg%ed by
means of a rwgﬁv@vw@@romerﬁ@ta@mowa@glesgthebmdl apdavbigye ( ARMA)
type. The 5%%%%&%@%9&°H@9r1§ Upﬂ§t§9t§£n§§?'9§t§££gé by tﬂbe%Us@&Jé&”e'n

t he neasurenent (or reference) [nmage at instant {-1, together with the
matrix ot mﬂRﬂFrﬁﬁrﬁ%cgtt¥%%§%h¥s%°ﬁ bapdasapd LPpospBniAg Saifhckgr ound
only at |0C8£Ltrhé1§§s \Amr@rads@reo hﬁéccﬂ@étb&@ﬂ ﬁmagé@vgé‘eﬂtthtbughobtx@am ng a
genui ne bac gnd of the sc ﬁ out an%ﬂnDV|n

t

o o e e St bR eR e T hE Vet ot IR IRy | AdeR OFREbuahn okl of

calculating}nnh$erefaeemcaefllbepmxel di fference of the neasurenent (or
nj ccted Into ancuhir TeacharvERH o ot CRERel CEPEe S LaPhat TRaR in oned
above, ther e@vmrmmﬂgfnmamM$ acvleblamedeov‘!rhenancwubanéd edi se at
instant t siphe, &Oazﬁl?ééé’&ﬁ%t%@ﬁh%diélgdé@iPSdttBEaa%'p'%e

criteria of erence I na round(t) I n addition
thresholdlndjﬁéﬂﬁﬁt%%éi?ﬁlt%%l%%V%??%%¥|EQ ineEEBYCRBF NPBFEPAGiTRe @

robust ness qfldﬂ“@lﬁtlg%ft&lkﬂ&eﬂﬁaﬂ'b@nlﬁwgﬂﬁépﬂ wotlwhenbett €5 yeeersigpod and
ot her characted#stlcs det aj | and g vant a t ereof _wi || pgear nor e
r

clearly on réadifgthe ?%I?Bﬁf%@c%e% 7 ptFoR° By AhyIBFCEX Hng and
Wi th reffererszend azdme. acconpanylng drawing, in mhlch 20 Figure 1 is a

di agram of means A@gongéﬁ 89 %ﬁ&th8¥98ﬁ%§9cte{%98{8 8f'§ g graph
showi ng variationsS as a wavel eng errpera ure
derivative dinvertspect tag mﬁﬁemm@ bileebbazke beviythesiaegl fiatiemp of 25

predetermru%gdg%g¥t§gygﬁgﬁgr@§ln fiﬁ@f@ §na5h§v9ﬁ@p8néh8fﬂﬂgrépeCIf'C
absorption |ines hree, gases for detection, and the transm ssion bands

of three fi If’tae“r%ovbs‘é’aaff%ff‘lﬂ%%%%t%‘gpt%%ﬂ?sanﬂorﬁ?ﬁﬂ?%dhngsta §P&ph showi ng
t he wavel engids Sfbtpbsn tiDnes ob f atlserges (0§) f Fot edstasabdbe. as nmeasur enent
filters and as rq%grenge Eﬁéte Sq g@ifrence ﬁshnade 'Qﬁéh%"x to Fl ure 1
which is a diagra s%omx% eans: f or %5Feﬁ%nt|% ©t he2 P RVERE ] oh, © gbrising
a thernal imaﬁﬂscwh@anera dotexmsbotdat ed ekthedsla yaealﬁeomessemg system
12 via an ang|ng- irﬁb%@iﬂ&' tﬁ@né’@ﬁéffléﬂtﬁngnéefk\{é nﬁré&ﬁ{’éﬁ%g i8

t hr ee- di nensi onal Zone 16  conprising, for” exanple groun
measurement.
25 In a variant, it is possible to use a continuously-

tunable filter whose transmission band can be moved
across the entire spectrum of wavelengths under study.
According to yet another characteristic of the

invention, the method consists in comparing the images

30 obtained through the various filters with one another in
order to detect relative movement between the observer
and the observed zone and/or movement within the observed
zone, the method then comprising repositioning the images
relative to one another prior to processing them, so as

35 to eliminate the influence of the above-mentioned
relative movement and/or so as to eliminate from said



. 8 buildings 20, and possibly also a cloud 22 of one or nore gases whose

* presence is to be detected and whose concentration is to be determ ned. The
canmera 10 used for observing the zone 16 5 conprises an optical system 24,
. at least one filter 26, and a photosensittve el enent or set of elenents 28
- on which the optical system 24 forns an inmage of the observed zone 16
through the filter 26. The canera 10 may be a charge coupl ed device (CCD)
10 type tel eimages thoreaportibdesl| wkéchotomeaspbeae bs mofreimas tvivai th £n
spectrum or @Bthe%nnggaghg canmera capabl e of supplying tenperature

measur ement s-0F 9B2EFVed 291&s directly. The term"thermal imager" is used
as a general ternByowdgsofjnexampheapphianmekeapabl postiplevitdi e mafodb

| mge of th?mé&ﬁ@?%ﬁégEgso Lrt9§t8988§V99?é8“88 5e§ia§“&ﬂ§@¥%é€&3H"Ch
colors or gray-scale densities are a function of the fenperatures of the
obser vedS poi htBstpgmant eadybdasdr abedirarafit aboResatstildf@d R opean

patent No. O,@44-9Rq bR BHE8H hOvERLBEE, a0l ¥PNsBARNiNY 20 dedeGESSRry to
use two filters 26 having wavel ength transm ssion bands that are simlar

overal |, but®of@"8¥awhreR ?theXBANBOSPTt he measurenent filter) includes at
| east one absorptrTens| tae seegbheCbyoukhfiggas khabrishino fe driadtethyvhil e

t he other one of which he, band of the 25 reference filter) ,does not

ol ude. sa (RRELRFf PEISBES: bh ohe| PREDSYSaTRENRer RBG ACSERHSAR i n t he
abovespeei f i echpasenbgconsi sts in determ ning contrasts in the reference
imge and in the e j N D= N C Xes
comng from points §§Hé§ﬂ%?#?gp€ﬁ§ ?%ﬁ%érg%u%ggg?nEFEEQ%%§§%VE%§§§%%Fand
passi ng t hr ouigh Teaserenenp2inpggasresprpetdvedyt ebtaihednasds@renent i mage

bei ng the inpgersgencLiroyghat hgnneastsgpept filter and the reference inage
bei ng the i mage seen througfpthe reference tilter, the method then 35

consisting in taking2tReleabing afstapdacgnfeBsesior PLuthE REHLEHEEE n the
two i meges i imegder therebyabpraineggi theeowbkahli sphndapendante ff tdiee f1 ux
emtted by the 9 gas cloud 22, of the overall gain of the canera or
thermal imagel39®’ of the tenperatures of the points under consideration in
t he observed zone; thréskeolenperatufehdebheldhcesahdandenevdiad ipoi)nttsy and

of the 5te r o.be ed.. t approximation is
legiti mate g@%%?%#n§ ?%%%?zn%@?%%u?g ?gﬁggg%fs?hgbgéckgrounq of the scene
is not very wide (algkoltegreesptaninwhesiene abssepated PeA®LS: t he

| ooked-f@r gas is.athtbsnyeuehgnghhtRé hbRber &si pBiAGsMaX BaNPF the scene
background. Ot herwi se, ;particularly in an |ndustr|aI5gnV|ronnent, account

needs to be T&kEN"df 2R Aer EEAPRI BT UPESTBY L1 PHeTEEEABShEERGFOGRE S N order to
determ ne preshsely hbeecohaenitiateshodéi2t hpogasgsi nahbde cl oud 22. 15 To do

this, inafirst implepeptaiign gl LDEoLNgNLLON, il L8 oR0sslle to use a
measur ement magni t ude that 18°i AVariant-as a function of tenperature, said
measur ement dRgainedeabetny ahdthe form

25 Applying a binary AND to the two maps of moving
regions in the measurement images and the reference
images gives a matrix of valid "moved" points that is
applied to the map of the above-mentioned ratio of flux
differences at instant t.

30 In a variant, the difference between an image at
instant t and a "accumulated scene background" at instant
t is used. The scene background is calculated by means
of a recursive filter of the auto regressive moving
average (ARMA) type. The scene background is updated at

35 instant t by injecting therein the measurement (or
reference) image at instant t-1, together with the matrix

of moved points at instant t-1, so as to update the



Y = (~1 X ~P) /K 20 where: (err) is the mean object flux in the

~ cal cul ation window, (err) is the above-nentioned ratio of contrasts or

flux differences in said window. 25 p |s a paraneter depending on the

- nmeasurenent filter and the reference filtlr, and which can be cal cul ated or
- nmeasured; and K is the normalization pararreter which is equal to for a
predeternined tenperature (e. g. 20C). 30 The integrated concentration of
gas in the |bhackgpfosndghtnly aetbeaoahiddnbywhheef theowi hgsr ebat beeshigny C. d~

b(a - ') Vwﬁ%&éme@t'stﬁgg $%€§%Rin§ ghéenﬁgﬂe3§acﬁﬁ§8qng lre tRY anet ers

t hat can be neasured by call Xpresses sensitivity to a given gas
and a 10 dﬁb@hﬂgwbth%© @@Ye@@éﬁnglpbé?§tand on the tenperature of the

observed scene). 4ye hﬁ@l@@‘e%éﬁék%'@Qedf 95rezsamah§atah§t t¥ar isgln@n in the
measur enent magnitude (err) as a Tunction of the pean tenperature of the

cal cul at? on kA PP HRA CaRNPEFAL BPcUFBAgECEXFRABPAGEEPENTEBSEY 35 t 0 about
35Cis appr%ﬂ@leﬂd—pﬂ@e:sea@ﬂf@réhaé 6t ¢BerjheakOramuati qatr of the

invention, it is also ppssible to poceed as cribed b 10 The ratio
of contrastst elf?rﬁ&e)dlijF%g%n%Esl? ?HE gfeag‘ﬁ gﬁrﬁn?c?ﬂﬁg aﬁ\#grohmt &t
reference i npgetaan bebetndt enjastédl inws: ahobfersregunsidke~filt@F a7~ r~
- 1+dT7 T-iéthgémeT£ypg as that mentioned above, thereby obtaining

10 accumulated noise. The accumulated noise at instant t
makes it possible to perform thresholding using time
noise criteria of the difference image(t) - background(t)
in addition to thresholding using spatial noise criteria,
thereby reinforcing the robustness of the algorithm.

15 The invention will be better understood and other
characteristics, details, and advantages thereof will
appear more clearly on reading the following description
made by way of example and with reference to the
accompanying drawing, in which:

20 - Figure 1 is a diagram of means for implementing
the invention;

Figure 2 is a graph showing variations as a
function of wavelength in the temperature derivative of
the spectral luminance of a black body for a plurality of

25 predetermined mean temperatures;

Figure 3 is a graph showing specific absorption
lines of three gases for detection, and the transmission
bands of three filters used for detecting them; and

Figure 4 is a graph showing the wavelength

30 positions of a series of filters usable as measurement
filters and as reference filters.

Reference is made initially to Figure 1 which is a
diagram showing means for implementing the invention,
comprising a thermal imager or camera 10 associated with

35 a data processing system 12 via an analog-to-digital
converter 14 and serving to observe a three-dimensional
zone 16 comprising, for example, a background 18,



. CdT ~_ T 15 where: ~dL~,~ L J is the tenperature derivative of the
spectral dT T lum nance of a black body at tenperature T; is is the

rel ative spectral response of the canmera 10; 20 in is the transm ssion

- coefficient of the gas cloud; T is the mehn tenperature of the observed

- scene; DT is the tenperature contrasts of the observed scene; (err)(err)g
I's the wavel ength difference between the 25 neasurenent filter transm ssion
band and thebneidnagse2bblhad poasdilys iadisoband;l cawld 2@e i) (care )oefmore

corresponds é%i% ﬂ@%%lggthnE%aQ%”‘3§%%nd %t%f ég%_r@;erence filter.

Contrary to cBASEENSEEC Pt & as_a rst apprOX|nat|on for
certain transanssnbnabandsiandowhendem@rmeM§drature range in the observed

scene 1s O verypMedearthe tOMBORH U delratibieal Lhnshes!ra

| um nance of a Yy at a Iven nean rrperat ure 1s not constant
but vari &s asomPFuREsi 8R ePLAEde| &N wnaﬁdralaéfrola@sé puscthiidtar 4ean

tenperature, 588 ﬁaﬁhQ€o§§ﬁBLft'iQ@ ’éfl%n{éWtV%% IsathQUé@e&emlscfwf&w
variations in sah HLunctlon over ?g %Ien th range extendi ng from about

2 umto aboutPi§ EoPPERFE ﬁﬁ&ﬁeﬁb SEfedn 33@9R ol and 280 K,
respecti vel yobkkr¢ada henseen th@mu@het@nrf&itbha&Gthe shape of this

function changes with nean_t erature _and that its.1
tonar ds shorter wal8I SRUCRE 40 FRY MEad FORBEEaCaPBIFRcFEiees D)
i nventi & t akppeatedamt sdbnt hesereapiratthend ibxe ﬁpmcmedsmgameﬁtﬁlxmw i deal

val ues (e”)E’th %??biétb E:%E’.‘El)en o tah‘i‘:h%%%g‘iﬁﬁeﬁr £3md3s gé:a%"fé ugged or

cal cul ated for er ent an eératures o scene ba round and for
di fferent teﬁpépévmﬂﬁ taﬁgégaéﬂrﬁh@eéé@ﬁ@mﬁaéﬁgPéuﬁéséﬁﬁaﬂu&QFQ%eal val ues

are recordedgirectly. The term "thermal imager" is used as a general
term to designate an appliance capable of providing an
15 image of the temperatures of the observed zone, i.e. an
image in which colors or gray-scale densities are a
function of the temperatures of the observed points.
As already described in the above-mentioned European
patent No. 0 544 962, in order to detect a given gas, it
20 is necessary to use two filters 26 having wavelength
transmission bands that are similar overall, but one of
which (the band of the measurement filter) includes at
least one absorption line specific to the gas that is to
be detected while the other one of which (the band of the
25 reference filter) does not include said specific
absorption line(s). The method described in the above-
specified patent consists in determining contrasts in the
reference image and in the measurement image, i.e.
differences between heat fluxes coming from points at
30 different temperatures in the observed zone and passing
through the cloud 22 of gas to be detected, the
measurement image being the image seen through the
measurement filter and the reference image being the
image seen through the reference filter, the method then
35 consisting in taking the ratio of said contrasts or flux
differences in the two images in order to obtain a

magnitude which is independent of the flux emitted by the



. the canera 10 is'used to neasure the tenperatures 20 of points in the scene
- background in a cal culation wi ndow of the inmage of the observed zone; the
nmean tenperature and the range of tenperatures of the scene background in

- said window are deternmined; the ratio of he above-nentioned fl ux

- differences 25 is neasured for the scene background; and the values of the
above-nentioned ratio are corrected wth the help of the ideal values
recorded i n gesocyoudh22¢opfetheonseshliihgaval ods thfe tdameatsovee: nenti oned 30
ratio are 'l 06aln.) CARRERATY! CRRNLLES BALLOGIRILQYE) R3Cldlind 0 25

pi xel s, for exanp?e, and Corréction s performed takKing ac ount-of the

t enper at ur esundler heosaideyading phxé&hs. obseiryedhgonsessifbitha o correct

TEASUr SMENt ELOE PaBRrtnat eEERUhLCLT BELLBRNPLEIENGS bR o Narseene bagkar ound

of an elenment t IS ver or exanple a chimey 1 n operation. 12 As
nenti onell abesm@oeratpsepesstbredns EQalgafieterEethpr ovenents that result

fromthe correctippstObhphhexin¥eAbhoRsONe HQiﬂiialﬁieWESfﬂoﬁzQ%% rafd on val ues
fromwhich it is 035|b?e to de%egg ggs: when t %prang% of.teq¥eratures
of the scenet%%B?g?Bﬁﬁﬁ Fangekoferaei P8CkgrPHR RN HhemF&e Rt e e

eval uated | npepyewtdé l(aesewndebeerangand. ¥hea thé; ablsexrpsdioch tleimperafure
range is 5 t he eval uated iLnptqv | I ran 1.3.t0 3.1, 10
when said te %rg?%¥%dr§%6egﬁg ;8 %?E?hg ggg ggpég%iﬁ%rgégﬂﬁwl %%%&in t he
range 21Q tond®imamdofhthesardneehpekaranadr angshiegwdgel, palnd ignalamt ed

| nproverent ﬁeén'fﬁ&@gtgﬁggeegvﬁrB?méﬁt,tQ%cghﬂknﬂgbﬁél%%‘yétﬂgken

i mprovenent being that obtained 15 for a gas whose absorption line is at
the em ssi orPhekheukeBPerAEUBEEKEEOGRE, SRRNEe PRRKIFRINAURY QLAY £ hat

obt ai ned forga:gasiMEOseealsalpt tAB ktbAeehs ratibhe ocFerdiet igwist Vid ithd of the
canmera or thernal # ger (8 umin IR band Il1), with the correction nmaking

it possible P ES duce the detection threshold by a factor of about 10.
Thi s asssimes t hatTéh@ostcrie, bankgr dindtt énpéeraktutas ianhe odettérari ned exactly.

Such determ paplon, Ls agsogbabed yhih kpowkedge 2a Aoauk (e ssigd ty of
t he scene background. en~the obsServed zone iI's stationary, 1t°1'S possible
to di scover orakvhduanearhenenessaviiuhesioh pie tempesasugert isedsd of the

scene backgrpund, LS "RELAYt ilePBEShE! 85t @nebtRirh:Preci sion of a few
tenths of a degree concerning the‘%o_t?%pgrgk?pgs of the scene background.

20 where:

- ® is the mean object flux in the calculation
window;

- N is the above-mentioned ratio of contrasts or
flux differences in said window;

25 * p is a parameter depending on the measurement
filter and the reference filter, and which can be
calculated or measured; and

+ K is the normalization parameter which is equal to
@r for a predetermined temperature (e.g. 20°C).
30 The integrated concentration of gas in the line of
sight is determined by the following relationship:
[, c.dt ba - W)
where:
- ¢ is the line of sight; and
35 - a and b are parameters that can be measured by

calibration (b expresses sensitivity to a given gas and a



. Ot herw se, lack of know edge about em ssivity leads to inprecision in

- determ ned tenperature. In infrared band IIl (8 um- 12 un), nost naterials
(excepting paint) have em ssivities Iying inthe range 0.8 to 1, i.e. 35
having a value of 0.9 0.1 and the preci$Pfon with which tenperatures can be

- determned in the scene background can then be 5. 13 The i nprovenents
that result fromtaking account of scene background tenperatures in terns
of m ni rum cdepentsabthobtheakbaéscted déftetrsoandr ent libe dsmpeldadwsre of
tenperature {g@ggbggrgea ggghgyenent lying in the 5 range 1.7 to 3.2; and
tenperature range nprovenment lying in the range 2.6 to 5.8.
Reference is nom/ﬁﬁdéaﬁobﬁﬁguV@rSfmﬁﬁehfp§ gxampdeamtEAGWVAF hedridt i Whs

over a Certau@erﬁegeueém%tehsaﬁthﬁdénqﬂ%stbae RSB Yo hdige gases
Gl, &, and G3 for detection, éac elngécharacterlzed by a specific

absor pti &n I?%@pefﬁéuéﬁsS?prSnCPFﬁgéaBﬂoﬁa 5dey ARd3AGEEBPRFG U cl ose
to each ot herangd exeehappgngrom BB6LL Ee@areo3aabee s$Bdws itshe transm ssion
bands of three 15 higggiss tépe filggri F% and F3, which when used in
conbi nati on FAPHRFIE BI 8"FRacBrB5BnER2 Fh@ "absence of the three gases
Gl, &, and &3 inIthe vbhséauedofhtbedinernsicdnal zonést albe getsadtkdde As can
be seen in h o] d 20 filter F1 includes the
absorption I#%gégo?eeélgfhéggéggggé g598g2 nd G3, the band of filter F2

i ncl udek0t he absoFhei eﬁttpnefocogésaﬁs aﬁdféupsodttiéﬁrehceﬁe izmbgdrept i on
l'ine of gas {xs@pdmkhe Eﬁﬁ enhagi oA QBBerEeEbhhér1ﬁ§g@0%§n”%% i ncl ude any
of the absorptlon | ines of 25 the gases Gl, @&, . The filter F1 can
thus be used"BsthePeasufemeAlSfilter and the f||ter F2 can be used as a
reference filter for detecting the gases GL and &. The filter F2 can be
used as a neasurenent filter 30 and the filt 5. can be used as a
reference filter for detecting the sescGh . Adhd@r such
circunstances, if gas is %etec&eq u5|nq filt T F1. F2 and no gas is
detected using filter pair F2, F3, then the gﬁﬁ. re ena in the observed
zone is 35 GL. If gas is detected us M@ffT?teéEp A F2, and F2, F3,
then the gas present in the observed zone is 14 If no gas is detected
using fidter palr.Fl, F2 and if gas is detected using filter pair F2, F3,

t hen the gas presEnt gn the observed zone is G3. It will be understood that

the group of filt i3 ke ARG AN HLAARTTRS N dandspdet L1 ned

as a function of peci fic absorption lines of the |ookedfor gases,
enabl es the presence of one or nore of these gases to_be detected even if
their speci fiwnthanept p6nal bheskabedyeay tkmperabyeehdr; or overlap in part.

7c 1s the relative spectral response of the camera

10;
20 T is the transmission coefficient of the gas cloud;
T is the mean temperature of the observed scene;
AT is the temperature contrasts of the observed
scene;

ALg is the wavelength difference between the
25 measurement filter transmission band and the reference
filter transmission band; and
Alref corresponds to the wavelength transmission
band of the reference filter.
Contrary to that which can be accepted as a first
30 approximation for certain transmission bands and when the
temperature range in the observed scene is not very wide,

the temperature derivative of the spectral luminance of a



. 10 This nmethod can bé generalized as follows: For a group of gases to be
~ detected, a group of filters is determ ned having transm ssion bands that

are defined relative to the specific absorption lines of the gases in such
~a manner that a filter which is used as Bl 15 reference filter for detecting
- one or nore of the gases can be used as a neasurenent filter for detecting
anot her one or nore gases, or vice versa, and the filters are associated in
pai rs such tihbackadeddyidt ez Pphven seegrstempetatuvreohe bptnopssfadds, the
contrasts orgfi U%az?PeQ'%é €L ChGESL L6 HE &é@&éﬁgtﬁbﬁﬁavﬂ Boﬁ% hrough each
of the above-nentioned filters are neasured, thé val ues of t he

above- nent i oFRCE @R P bfMeYnt FERSr af el et F nFABIPEoPSBRCATPR th&f filters,
and the pres@ptge #nth tREGEANCENLK BEH Osh&h vAL1¥BEbAYSiHASRSdl Fuke: jliser ved
t hree 25 di nensional zone are deduced from salng val ues. The net hod nay be

i mpl enent ed AEF A I ARSI NGy TR | ¥ CBRAHRI nkF PPx3PSUE0ASHPUECed i n” whi ch
each col um diso@sSDEiah efo M thr & emedn t hempasesutespesdet ggt ggoamk] i n whi ch
each row is a§§og%@1§g with one of 30 the above-nentioned filter pairs, an
element i,j Bt%s tFFSPLor T Eehbnding to the value of the ratio of the
contrasts in the heasanm érenseemufpomnithe heucvasr bsaés thet hbapef exfence i mage
for a known t | ir fy KN farred to
as G . 35 The el efrr%gn%gi?rgféf})%n%%ggv?%nl?? rllcg%%lgél?%g???xgggnggé%dgtgesfm' ned
exper i neht almax Byure Ao He &t t Ora 6AS t HeoFee T curVlenJtEhs cafathgnmean s A
series of nmeagisErRhlSe CONSISiseds N reading the responses of the various
filters, and it one or nore gases are detected, in constructing a

measur ement spectTR€ | VR ORI eWkPT 2CFURROTaF @St VEREa5BEME Hkci fi ed
S ratio of gorddesdsnd aasffdieswpair G . Thereafter, correlation
coefficients are _calciul te betwee[\ﬂjt mariaus col ums_of the £

i denti fication matrt&3nd’ I heTedsfe Wt ERCH % SR RFATT o

coeffi ci®ent gass deterewabh tusd nor ackhowha ed hbdr (eifferbytcmeenl ating 10 the
ratio V\hoseggﬁg [ i f e | ye e
identification %ﬁﬂrﬁﬁcﬁfﬁieé%gﬁé%n’éﬁ?sgggt %{1? gﬁg %58‘3’ té%om’ nat or
is the prod@MRIrIHE S aFFRFRS oL t Hee cBTemP BRCkAEALNH| ’BE| SRe/Rt ri x

mul tiplied bynddre variasceroOf rdberd@asur enent vector) and 15 this
coefficient qualifies the cor r]re(tati on that exists bet vveeg?col um of the

i dentification matr3e (SHMHTotUnt® COFFLsEBnBFATIFS bRE bFMPREACHFES- f or
gases) znd tdfe prensty elenthe estotie tihadkawsuhdi ih apchiloul abeoneadimdmvent s
made on the vari,ous, pairs pf filters, or exanple, each elenment of the
vect or may coof?rtehs%olnrga?% %Prr%%en %k?é?ﬂ‘ég&/afﬂ{e‘%’for t he abovenentioned ratio
at various points-ithe eedmetemnperatierebzedvede zoarge Ent enpeyh tiuyes

correl ation goeffd Cieis LXCREASuAD 2Pnt b5 e8hpiHash; Rredateerhiaddval ue, the
gas corresponding to said correlation coefficie decl ar ed

nt is : as being
identified. Naturalt§e F3tie pbskh® @PevedReRhecqey| fiuki Yy L6PTEAEShol d
| evel s 28i chi £ arigespoad for aclpd us@éné Yoatkgbotradel anef reliability in the
identification of the |ooked-for 1grzlaseaslk.) Jhe copcentrations of the gases in
the observed zone cah b& deTerdin deby Lor Vi ng the sys?em of' gquati ons
consti t ut ed dyrtécted mebsurenentelphbofi niee fdealt M@lnes recorded in

memory.

The corrections of the values of the above-mentioned
30 ratio are "local": each measurement is performed over a
set of 16 to 25 pixels, for example, and correction is
performed taking account of the temperatures of the
surrounding pixels.
It is thus possible to correct measurement errors
35 that result from the presence in the scene background of
an element that is very hot, for example a chimney in

operation.



. 35 pairs of filters and by the concentrations of the p gases (the

* identification matrix conprising n rows and p colums). 16 The system can
be sol ved once the nunber n of neasurenents is greater than or equal to the
- nunber p of gases to be detected. The nmedgurenent and reference filters

- used for 5 detecting gases in the nethod of the invention are typically
filters having a transm ssion band that is broad relative to the absorption
i nes of the gasesstmehE1deédcabdveThe$e1Bibbemdhﬂ&ytheemeﬂhnﬂaﬂ tiyefilters
havi ng ”a”oﬁf‘ﬁé BJ}&Q%H’CE%Rth%gﬁlﬁp%% %' até ‘é"rec%bl%%% 1 g her in
wavel ength as h I agr anmmat I g 7
cont|nuouslylmmﬁabienfpntehehavhm@um ppanemﬁgeﬁennbamduﬁauﬂnqmjwhnqh

wavel engt h ch.c usgd r ontinuously over the spectrum under
|nvest|gat|§£t & ﬁg?ggﬁgg Eﬁ]dgeege é??)ﬁl The tunable 15 filter may be a
Fabry- Pebot etalon Wh@ﬂedhﬁnFﬁnﬁﬁeﬁéeﬁé@PﬁﬁétNéG§e§ [theFisg@ne 4, each

reference 1, bgckéroﬂnd5ls +1, kdeghgpates thhentr @fesarﬁ' %%'rr%’ér%%fﬂ&é)f the
different filter; g mount ed on a different channel an observation 20

appl i ance. |%veéna5% sé@HrPﬁﬁmePﬁeééeﬁraﬁsﬁp§sF@Hgﬁaﬂd§ &Ce lcl%dse to one

anot her, that they ﬁﬁ@noyeﬁaaaemee@athréa&ahgemeenimamdstheaewéauéta@d 3,
and 4 and 5) or thegﬂg gbge sepa ate ronlog &gngt er (as applies to bands
n

3 and 4), it HPERVHE §|5Pe Srr?ﬂggelb o*te 25 uniformy spaced
apart oy@r a range wofenavelidngenperabhereariogs fisl t@0s Kor dhieded in the

vari ous changgéfugée&hgm?%geémghkOQl@?plha@%% makge b BotY Bl égband by

reconstruct neasurenent es and efence | magés over a broa
summi ng a pluralityweenchahfetSMBPrERErS0 rebger &t 4R Hppltibénce. For

exanple, if é\h@lﬁ@‘@eaolﬁﬁrgeéﬁéhﬁdl@é@,s@ﬂt %h@ &ﬁ‘?@ef 3¢ 4akgonpt,ion line in
transm ssion nd, Np. 2, a_neasurepent inma e .obt ai ned y summ ng

channel s cor?%%dﬁhﬂ?%@mtﬁa%Pﬁngﬁl§§Foﬁmﬁaﬁ §mfn eing, thaty adfethd a

reference i npge sa@abewnbbalabdobptsUﬁnuﬁgechanaelsheoemaseam@ ng to
t ransm ssi on_bands t ransmi ssi n bands of the

filters arelgeﬁ%Tﬁﬂoﬁg t%%ng?ﬁgﬁﬁoPHgﬁlgﬁggﬁe%%e Br&ad Yy s si%n band to
be reconstittttad. obtathey &pe di gesnwhoseuspsoumliiog ﬂh@ﬁlﬁ@k@§iﬁhqstible

to overcome Lhe, s Pt gﬁf@ggﬁ‘ém% bRt %ﬁgeew@r@a%es tlmér?nl llmlﬂetgle&g teh

wavel engt hs at ases absorb t ho fi terlng represented
by Figure 4 }® BlvRardgédd mﬂéﬁhu§hﬁgCérﬁﬁpﬁﬁ@ﬁaﬂﬁépnﬁbéérF@ﬁﬁﬁ?

appl i angge, apsl abg@c¥heReadkakgeiBHTbBreghodas®y ar €ake ol dre airhiact ed.
This provid ﬂ%an i mgi ng spectrometer having small spectral resol ution

whi | e nevertnel ess conserving | arge three-di nensional resol ution.
This assumes that the scene background temperatures

are determined exactly.
Such determination is associated with knowledge

25 about the emissivity of the scene background. When the
observed zone is stationary, it is possible to discover
or evaluate the emissivities of the various portions of
the scene background, thus making it possible to obtain
precision of a few tenths of a degree concerning the

30 temperatures of the scene background.

Otherwise, lack of knowledge about emissivity leads
to imprecision in determined temperature. In infrared
band III (8 pm - 12 pm), most materials (excepting paint)
have emissivities lying in the range 0.8 to 1, i.e.

35 having a value of 0.9 £ 0.1 and the precision with which
temperatures can be determined in the scene background
can then be $5°.



. Filters presenting one or nore transm ssion stop bands, such as the bands
- between transm ssion bands 3 and 15 4 in Figure 4, can be nade wth great
preci sion using a technique of stacking thin layers, thus enabling filters
- adapted to the gases for detection to belSynthesized, thereby greatly

- inmproving the sensitivity of detection. It is also possible in this manner
to make synthetic 20 filters presenting a plurality of transm ssion stop
bands for detectiDgeaigpsokanmengsathktr akistl toff rahs @aftngn aldoemt BEH
filters are gartic Iakl% suitﬁble foE detecti@% %%se% havi,ng_a spectrum
with a pluraPFe)eoP2ahabPRRRoR I PRES SAEPLAEd TPATChE s BALHT™A ty band of

t he 25 camereoncehheathennablusagépr demneetasnngra shenhesi fed lfawder makes
it possible to reprpd a t spectr 03s,:.n t.

ref erence channel agéﬂgﬁﬁgeﬁg&e%g%éepgggi | e %@gag&ﬁhgggr%ﬁﬁéﬁéﬁgff%be
sensitivbhty bamdeotl.7heocdreraanthereby reducing the nmini num 30
concentration of gagehpata€aRebeaflgeety@dxby ambael et akawly 3 £onpared
with that which is_possible when using a conventional refefence filter
whose wavel ehgjegiet £afishPs8i Bn band is necessarily very narrow. 18 CLAIMS
1/ A nmethod of opgtéeatbicdeischbigmgas By Fegotel B ahsehvilRgad diagram

t hree-di nensi onal zone by neans of a neasurenent filter whose transnj ssion
band incIude%h%WBngp%éff¥5185§oPB?Foﬁ FPREASP 421 86Kk84- FEISgas an
referente fithertwhnseissaoanbsskchmebandsesr Géspaagdsand GBatfoaf t he

measur enment fi - put raclud LELg jahsor pt Ads of said
gae. the mettoe Shals: PRST; B9 P pH, Endr AR sRa R S REAL T T

det ermi ni ng #bsxrptioer thoes phssithgorhtdaghlihesgas gaspsakd éod i from
points at differentelemperatuEgseatnaceabeubati 8RevhBEEWNgaRG Part.
determining the ratio of the flux differences, seen through the neasurenent
filter and o?lgﬁéefﬁuﬁlanFBPEﬁCEEeSEéﬁnﬁﬁﬂﬁﬁéﬁntHénpéfégeﬁ@éeEB filter,
the methed beiggpsbaragper ezeders Fhat FRY @aASESY SwhicHSwhgnsaiséd @i 0 to
determne a qgﬁgure nt magnitude thgﬁ iﬁ i ndependent of hhe %ngeratures
in the cal cufATPOR M Rdon aRa ER GBEBHM hlRgPOrSEAFEUPAL FRG PRESHCE
concentrati onf ofh¢ hehgas fasassaild BAgnathddEé3 tihi $hbebbge2®edettdmeEared by
wei ghti ng th&iﬁ@ﬁ%?éﬁgfckBh@dtBaBEOdQ¥e%@§dqean flux in the cal cul ation

w ndow or by werghtrng sard ratio as a function of the difference between a
predet ermi ned t enperadlrleeapdenhént EAgerat dv e h8f LrBBSHESRA OPaldGDbund

detecteglpi n thergal pul ahb00qusNdaw. aB3oZbtAoRetihadsac¢ordingnir@ecl aim 1,
characterized in that sgld nﬁas§re nt nma nltuge i S e% al, tq

((err). (err)P3%e Gher&i s2PReCabovBenBAPFoREdEFALRS, ?eFPF vudeshEhfean
flux in the sascupaionnlihadot, gpsi €33 padasepertdependi npeon the 30

Teasur ement A00oLSLELeneentl bkehss 8o KobSpRenotaRkeatian RaraTler equal
to (err)P for a predetermne tgnperafure of "the carcurstron W ndow, e.g.
equal to 20G1BteB/FA deehodoticédrdidg Boyckii the, ablkarattieon 2ddieisn athat it

consistgsin delesniosngy, fep, diffeggnt tenperatures of the scene
background, val ues of the teggerature 19 derivative of the spectral

| umi nance of a bl BeR Bb4yeat Fa §PRefPHEaR®t 8556 86uPeMeRFUFEAEEthg t he
tenperature gertyatang Dhet Belabeve2neahi paedsedt kg Bokelheecmai@®e nean

temperature L, the gbsence ol gas. LN LeeQ" g g,

The filter F2 can be used as a measurement filter

30 and the filter F3 can be used as a reference filter for
detecting the gases G2 and G3.

Under such circumstances, if gas is detected using
filter pair Fl, F2 and no gas is detected using filter
pair F2, F3, then the gas present in the observed zone is

35 Gl.

If gas is detected using filter pairs Fl, F2, and

F2, F3, then the gas present in the observed zone is G2.



. 5 values of said-derivative in nmenory, and in weighting the neasured val ues

- of the above-nentioned ratio as a function of the differences between the

tenperatures of the scene background and a predeterm ned nean tenperature.
10 4/ A method according to any one of cl4ims 1 to 3, characterized in that
in order to detect a plurality of gases, it consists in using a set of
filters (F1, F2, F3) of transm ssion bands that are determned relative to
one 15 anot her aslfi foangésonsofiebbsbedt uennpi fiedtefr phergddes HGKHndR2, R)
to be detected in.such r fLLter (E2k~usabl e a e ce
filter for d%?é%%?nggoﬁgtgggg?cﬁ%bﬁé gé%k%% Egﬁg ﬁ%és%?én%ﬁ%qi %%Héfor

det ecti ng anoréeeniyatn (e cyervedveenevepsi3.in 20 associating the

filters in pairs,yeagh pabe Qhabbbtssd PRLAIchHEN gUBLECHIENG1QRQ QN FDr €
gases, in nmaking the_above-nentioned flux differénce neasurenments for each

filter, ?n cBdcldld iRy PRELIDG HEINSRLIEREOBLBFBIFAEEBRBANES: i¥6 for each
pair of filteisctang 6N €rduspagither ebsespLdohheipeaseficenhand ddied-
concentrati on of the above-ggnti oned gases in_the observ

ed
t hr ee- di mensh Una¥25ohe. SBAL A FetABIPEEEBRAPNG Tt 878l QF @I ScRdr &S zed in
that it consgsdssito pvevietustyedeteeni bf ngheaki bpatidicvabsesrpid dror t he

above- rent | ofied {2410 191, eathepatsglnlLl Ler s LorLhe i gseqce of a known
quantity of eath” above, enht T ORe gag, in calculatihg corfélation
coefficl@nts bet vBlehs sagthedl <i:blﬂab¢o@eyar@bézaﬁdashéwébwgs cal cul ated from
the above-menti onggy NpagHsEPENESga 888 +8 HedyetBgrbhat 124983 3% 4 S present

in the observed zone when a corrélation coefficient is greater than a
pr edet er mi neth keI ho? dleteppippd dhaRiRGICRRBEPEFPAGOROPEPERtHAL are
characteri zegbfihddatelit EPESLSt BhéNshOENENE aBsbegBibhi ¢ahken JrtHH i N
whi ch the rows corresgo dto the fl{ﬁe{ galrz and %he colums correspond to
the gases t FIRETetRcted! AMBPRAENRATj 2of16LEL HRNERr PR BERRY Forhed by
t he cali®bratieafeveatce HDblacnefiof odetepaingi oné brl hers bl the prassence of a
known quanti L .for ' [ ' t .mector
whose rows g%%}@%%?ﬁ%g oé%h% T??%ggé%gﬁFskg%gg%zk§gigﬁggﬁggé%g%&ﬁﬁﬁeé
represents tdvee 10 meser gaeds, nedevopef verea, pand theefigtegsmeame of val ues
for the abovgsdwntdongdifaphorfosudhffgEentaRRi RESLER bher BRGQLf dde
observed zone), in calcula |nanthe correlation coefficients of the col umms
of the ident395%3t i e nRf rPREGi IRSthe MRRSGPRAEAETFelEof1UEnd in 15
conparing salif foedides etdbringt hroet enai cedetheashohdsthroagtieeaan defluce
therefron1tq§g%r sence ang.ghg cgng gtration og tge ab %e-neqti%n% gases
in the obser Yone, 207t %\%E h 5%C%Fﬁiﬁ8 i) Sﬁy g 8c38iH§ clai m
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i mage ofs t heyiokhses Vet Z 096né Na aCHe 8888 NE 86in0Babangdalagd.i n suming said
i mges in order t recqtstruct i jmages geen gh&ough bigad band neasurenent
filters and i mges SdER-TRP oTIZR B oXBP HERA" 38 8P efRALEYFF I ters. 8/ A
nmet hod accordi ng & og&s aideniitheatitorrmaediknishabnsheuctagedn wisiad
narrow ba”dsea(éns czo]b@mn 4is53s§581$£’£§' PednSLAU! LenepusLy<aa Rargld el
channel s of an 35 observati on applrance.

detected and in which each row is associated with one of

30 the above-mentioned filter pairs, an element i,j of said

matrix corresponding to the value of the ratio of the

contrasts in the measurement image and the contrasts in

the reference image for a known quantity of gas j, the

pair of filters used being referred to as Ci.

35 The elements i,j of said identification matrix can
be determined experimentally by calibration or

theoretically by calculation.



21 9/ A nethod according to any preceding claim characterized in that it

- consists in conparing the i mages obtained through the various filters with

one another in order to detect relative novenent between the observation 5

- means (10) and the observed zone (16) andbor noverment within the observed
zone (16), then in repositioning the imges relative to one another prior

to processing them so as to elimnate the influence of the above-nentioned

rel ati ve novenent Aasdldaessofasebsuekmannat echisdmtsaiich X@adiagesHdiose

portions whi pard t whthin t 0 rved zone (16). 10/ A
met hod accorglgﬁégb(%g%l §|9mt§,8 gg\éggg egfwzltggrigh ?ﬁa q%\?\é%enotr ir?qsor(aeet ected by
taki ng the diéfesecace PHetmstrdl5innmagestancitasgant seR saygmEntl)spegtra

cal culating g, syandard1dREhat 1ohs ReCOARAL! Bg LA skRRAAbLaN aldon W Lh
a multiple threshold, by conparing the nunber of points retained at a given
threshol 8 i ntdtderofocebptarats hbVefeAterapalandiby applying a binary AND

function to 20 th@h@?éﬁ%@&,”&@%ré%t&@ﬁt 2Bk fifilch ehh@ r&fi@swaqr&n[taﬂé@ge_s
and the reference inages. 1 to ¢laim10, characterized

: _ 1/ A nethod ac orginq (
in that a diPFeVeRBetHE VASLQHE FOLYMBS| Ohl 40&d IFENdA CAT i9Made D5l aind an
accunul at ed seenehbankgsausfietipdetedoby neach ebraelARVent yoe fifRitiehte
it from LhcLmmas, el TSAR ! idpR0pgeToR 95 B2 B2 it goved
charact®®i zedhénréhavt wheseehememetofi tbmpsises $het boviazednfdd taf sthde by
stacking thi & | gXA! 8:aRANaULAY; PIBARH ofiPRELRAK! QW' KANTMESST On stop bands,
corresponding to the absorption [1nes of the gases or detection. 35
.As_. AS. A. A REAFUAGIMARLAVECAPT Ay 2RA[ EhageAdepPMANALRIAY-SA ThE Produat E t
of the variant of the column of identification matrix
multiplied by the variance of the measurement vector) and
15 this coefficient qualifies the correlation that exists
between column j of the identification matrix (said
column corresponding to one of the looked-for gases) and
the measurement vector that was built up from the
measurements made on the various pairs of filters.
20 For example, each element of the vector may
correspond to a mean of the values for the above-
mentioned ratio at various points in the image of the
observed zone.
When one of the correlation coefficients exceeds a
25 threshold of predetermined value, the gas corresponding
to said correlation coefficient is declared as being
identified.
Naturally, it is possible to define a plurality of
threshold levels which correspond to a plurality of
30 levels of reliability in the identification of the
looked-for gases.
The concentrations of the gases in the observed zone
can be determined by solving the system of equations
constituted by the n measurements obtained from the n
35 pairs of filters and by the concentrations of the p gases
(the identification matrix comprising n rows and p
columns) .
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ransm1551on band centered on a wave ength which can be

caused to vary continuously over the spectrum under
investigation, e.g. from 8 um to 12 pm. The tunable

15 filter may be a Fabry-Perot etalon fitted with
piezoelectric wedges.

In Figure 4, each reference 1, 2, 3, 4, 5, ...,
designates the transmission band of a different filter,
e.g. mounted on a different channel of an observation

20 appliance. It can be seen that these transmission bands
are close to one another, that they can overlap in part
(as between bands 1 and 2, 2 and 3, and 4 and 5), or they
can be separate from one another (as applies to bands 3
and 4), it also being possible for these bands to be

25 uniformly spaced apart over a range of wavelengths.

The various filters provided in the various channels
of the observation appliance make it possible to
reconstruct measurement images and reference images over
a broad band, by summing a plurality of channels of the

30 observation appliance.

For example, if the gas to be detected presents a
specific absorption line in transmission band No. 2, a
measurement image may be obtained by summing channels
corresponding to transmission bands 1, 2, 3, 4, and 5,

35 and a reference image can be obtained by summing channels

corresponding to transmission bands 1, 3, 4, and 5.
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adapted to the gases for detectlon to be synthesized,
thereby greatly improving the sensitivity of detection.
It is also possible in this manner to make synthetic

20 filters presenting a plurality of transmission stop bands
for detecting a gas having a plurality of absorption
lines. Such filters are particularly suitable for
detecting gases having a spectrum with a plurality of
absorption lines included in the sensitivity band of the

25 camera or the thermal imager, since using a synthesized
filter makes it possible to reproduce accurately the
spectrum of the gas in the reference channel and thus
makes it possible to work over the entire sensitivity
band of the camera, thereby reducing the minimum

30 concentration of gas that can be detected by a factor of
about 3 compared with that which is possible when using a
conventional reference filter whose wavelength

transmission band is necessarily very narrow.
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specific absorption line of said gas, the method
consisting in detecting the presence of the gas by

10 determining flux differences passing through the gas (22)
and coming from points at different temperatures of a
calculation window, and by determining the ratio of the
flux differences seen through the measurement filter and
of the flux differences seen through the reference

15 filter, the method being characterized in that it
consists in using said ratio to determine a measurement
magnitude that is independent of the temperatures in the
calculation window and in determining or calculating the
concentration of the gas from said magnitude, this being

20 determined by weighting the above-specified ratio by the
mean flux in the calculation window or by weighting said
ratio as a function of the difference between a
predetermined temperature and the temperatures of the
scene background detected in the calculation window.

25
2/ A method according to claim 1, characterized in that
salid measurement magnitude is equal to (n.®P)/K, where n
is the above-mentioned ratio, ® is the mean flux in the
calculation window, p is a parameter depending on the

30 measurement and reference filters, and K is a
normalization parameter equal to ®r for a predetermined
temperature of the calculation window, e.g. equal to
20°C.

35 3/ A method according to claim 1, characterized in that
it consists in determining, for different temperatures of

the scene background, values of the temperature
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characterized in that in order to detect a plurality of
gases, it consists in using a set of filters (F1l, F2, F3)
of transmission bands that are determined relative to one

15 another as a function of absorption lines of the gases
(Gl, G2, G3) to be detected in such a manner that a
filter (F2) usable as a reference filter for detecting
one gas (Gl) is usable as a measurement filter for
detecting another gas (G2, G3), or vice versa, in

20 associating the filters in pairs, each pair of filters
being for detecting one or more gases, in making the
above-mentioned flux difference measurements for each
filter, in calculating the values of the above-mentioned
ratio for each pair of filters, and in deducing therefrom

25 the presence and the concentration of the above-mentioned

gases in the observed three-dimensional zone.

5/ A method according to claim 4, characterized in that

it consists in previously determining calibration values
30 for the above-mentioned ratio for each pair of filters in

the presence of a known quantity of each above-mentioned

gas, in calculating correlation coefficients between said

calibration values and the values calculated from the

above-mentioned measurements, and in deducing that a gas
35 is present in the observed zone when a correlation

coefficient is greater than a predetermined threshold.
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measurement vector whose rows correspond to the filter

, #10

pairs and in which the element 1 represents the

10 measurement made on filter pair i (e.g. a mean of values
for the above-mentioned ratio for different points in the
image of the observed zone), in calculating the
correlation coefficients of the columns of the
identification matrix with the measurement vector, and in

15 comparing said coefficients with determined thresholds in
order to deduce therefrom the presence and the
concentration of the above-mentioned gases in the

observed zone.

20 7/ A method according to any preceding claim,
characterized in that it consists in using, for the
purpose of forming one or more pairs of measurement and
reference filters, a series of filters having
transmission bands (1, 2, 3, 4, 5) which are spaced over

25 an observation wavelength band and which optionally
overlap, in obtaining an image of the observed zone in
each transmission band, and in summing said images in
order to reconstruct images seen through broad band
measurement filters and images seen through broad band

30 reference filters.

8/ A method according to claim 7, characterized in that
the images in said narrow bands (1, 2, 3, 4, 5) are
obtained simultaneously on parallel channels of an

35 observation appliance.
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9/ A method according to any preceding claim,
characterized in that it consists in comparing the images
obtained through the various filters with one another in
order to detect relative movement between the observation
5 means (10) and the observed zone (16) and/or movement
within the observed zone (16), then in repositioning the
images relative to one another prior to processing them,
so as to eliminate the influence of the above-mentioned
relative movement and/or so as to eliminate from said
10 images those portions which correspond to movement within

the observed zone (16).

10/ A method according to claim 9, characterized in that
movement 1is detected by taking the difference between

15 images at instants t and (t-1), by calculating a standard
deviation, by comparing the standard deviation with a
multiple threshold, by comparing the number of points
retained at a given threshold in order to obtain a
movement map, and by applying a binary AND function to

20 the movement maps for instant t in the measurement images

and the reference images.

11/ A method according to claim 10, characterized in that
a difference at instant t is calculated between an image
25 and an accumulated scene background updated by means of
an ARMA type recursive filter from the image at instant
t-1 and a map of points that have moved at instant t-1.

12/ A method according to any preceding claim,

30 characterized in that the reference filters are
synthesized filters made by stacking thin layers and
having one or more narrow transmission stop bands,
corresponding to the absorption lines of the gas(es) for
detection.

35



