1 8"MAY 2006 *1FF1FE%.1 A METHOD OF REMOTE OPTI CAL DETECTI ON OF PASMA 9006
I nvention relates to a nethod of optically detecting gas, in particular

-pol luting gas, M “m“mmum pplicable in particular to nonitoring industri al
sites 5 such aJMW m refineries, gas storage installations, etc. -
Proposal s have al r eady«been made i n European patent No. 0 544 962, for a
nmet hod of detecting gas based on selective absorption of infrared

radi ation fromthe 10 surroundi ngs by a gas present in the field of
observation. That known nethod uses an infrared i mager associated wth a
measur enent A IMESIHQhi QG REMGFQRTI@AL oDERBCTpO¥NSORCEASE t he | ooked-f or

gas (the transm ssiph BaRthfor %1644 | L6751 ACLIERS 2! Jefaslaianp specific
absorption line of the gas), and a reference frlter which is imsensitive
to the presef@Eesttine Gy (Iherartewd a5i pal bahdnef gelse ahid tidr dis

conpar abl e t aghatcaf1d e Raswam §é | héhitHrinkt iﬁﬁ‘ﬁ%th'}qtali ng the

absorptiqgn line(s) specific 20 to the gas). ContraSts in the inmage of the
zone obser vedUShAudiR GHoF fsas i r ¥6$ £ eF2 andtesALadnS tid latd arage
of said zoneeahserved through the reference filter are determ ned, which

contrasts are provjded by the flu di fferences com. ng_from points at
different tenpera ﬁﬁ&?%ﬁé%r?ﬁWﬁa%}ﬁﬁﬁ%% STNEANT pHs EPRGPERIO B &He

| ooked-for Has. 0T 4r 8629 dfort ke meiioAA £ | det det iRgsgaeBakedmge (Seen
t hrough t he nt.filter.) i h referepce i e een t hrough
t he referencg%?"i%:é{tg?% trarlgl?gsrtpq"l dnp%rs]fgiqunfeé%rie%af%‘gf%ﬁ% ?% H‘egtg’lem' ne the
quant it ¥Oof sOorgaesngiagentyor Uss Ipugsergatin behewtnelteolfackground of the
observed zongpandihg ebserver. This ratio of the contrasts in the
measurenent and reference inmages nakes it possible, under certain
conditions and toTRafti keCWEpFEGHathtIsHE an K irrredeinageni ssserisses fic

to the | ookeditar agasasndemenke £iunaldf agtiach bys tdens eppeeatyr enyal ues of

oints in the
P presence of the looked-for gas (the transmission band of

15 the filter includes at least one specific absorption line
of the gas), and a reference filter which is insensitive
to the presence of the gas (the transmission band of the
filter is comparable to that of the measurement filter
but it does not include the 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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~ IWWL *rnnnm* 1 8 MAY 2006 2 observed zone and the differences between

“said tenperatures. Nevertheless, it has been found that when the't%dﬁg_ﬂﬂﬁ

background tenperatures in the scene is relatively 5 large, the

measur enents performed do not enabl e exac val ues of the concentration of

_ the detected gas to be obtained, and thal the neasurenment error is, in
addition, a function of the position in the spectrumof the .absorption

line of the | ooked-for 10 A particular object of the present i nvention

is to elimnABFBIVREsEC Faﬁ%ﬁbﬁ?etﬂﬁﬁﬂﬁﬁeQﬁﬁ%xﬁeEMeﬁmesﬁtésent i nvention

isto S|gn|£empathyugeduce t he nlninuntvalue of the concentration from

which it is possi tect gas. A furt her obj ect is to inprove the

d
above- nent i oned Yﬁﬁgheﬁﬁsﬁar cm%ﬁ'qq?Q; Wbt hat arerpihsi zange
detection ofofi bhukngUndOte@@$&$ﬂMﬁﬁﬁﬂﬂnIﬁhéﬂbd&ﬁ@rﬂ§drel@f§€egynens|Ona
zone. Tog t hi , inyent i rovid t hod of tica
detectlng gaga @gfeég ey 93 %ng|%§ gﬁﬁ%ﬁﬁ?e 4#H&9%ﬁ§?q%8% eﬁﬁcﬁeans of a
measur ement Values efothe CDanemmsemamnbaﬁdUhaﬂdﬂhﬁnmedtgasft@ Bbsorption
line of a l r akef transm ssjon_band
cor r esponds ?%&% %Qofgﬁﬁe@ﬁggsﬁpgnght%%%%ﬂﬁq %ﬁ$§dbe% THot® ?%%#haﬂ’
speci fic absdrptnenionnefofhesprgigdon ﬂ@eﬁhﬂiﬂﬁﬁaﬂrumsnfrmhen detecting

the presencanabribfodasihy det ehll Nodged b didderences passing (hrough
t he gas nd con1é§é9r0n150|nts at different tenperatures of a cal culation

wi ndow,tGnd by det @ hirYlas PRaerkt P& dhe m;rerﬂqsst: dirffestteiriesi s een

through the elnerbnaesrethobel Heawbaakel, the flux differences seen through

the reference fil the net h d ei characterized in that it consists
in using said ratérb PYRET (_PeF Egagﬁleéﬁ&%t G %R e s
independentaﬁgﬁﬁf1¢EntbypeedhueeshEnmﬁhemmml&amme(mf\MWQOM/andir1

concentration from which it is possible to detect gas.
15 A further object is to improve the above-mentioned
method, in particular to systematize and optimize
detection of a plurality of gases present in an observed
three-dimensional zone.
To this end, the invention provides a method of
20 optically detecting gas by remotely observing a three-
dimensional zone by means of a measurement filter whose
transmission band includes a Specific absorption line of
a looked-for gas and a reference filter whose
transmission band corresponds to that of the measurement
25 filter but does not include a specific absorption line of
said gas, the method consisting in detecting the presence
of the gas by determining flux differences passing
through the gas and coming from points at different
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 beihg determined by. weighting



determ ning or calculating the concentration of the gas from sai ti8 MAY 2006
"magni tude, this being determ ned by. weighting 1 8 MAY 2006 3 the .
above-specified ratio by the mean flux in the calcul ation wi ndow or by
wei ghting said ratio as a function of the difference between a

predeterm ned tenperature and the tenperatures of the scene background 5
detected in the calculation window. In a first inplenentation of the

i nvention, id Syr : ity I, S, 0] [K, where rl is
t he above- ﬁ?i Sﬁgg r%P%oﬁ%l%%el%gb%%rﬁﬂ#t%ﬁehxcgﬁsﬁpﬁi on wi ndow, p
is a paraneteilcdépendnngiodavheord byedssigheieony samidreétiense hilters, and K

s a normkhagtion B AR & AUAO KIRLOE 2 n&f&&&%&fsﬂ}iﬂ?gp temperature

of the cal culation wi ndow, e.g. equa a varia | ement ati on
of the inveheMBArath&e ERdrthfod-PRIXTRCeH Pf i@ uSFeneebarioriovdd f or

different tggperatures @hd he1aens: tackaragg, values of the tenperature
derivative of the spectral lum_nance of, a black body at a given nean

tenperature, in dBd8citAd Sthd MRISRRIR LI R i W08 i WRVSRLLAB, aB8¢E nent i oned

ratio for 2QehbersmBRtIméihifRATe timenailre apg. dn) ke whseacq afs gas, in
recording the values of said derivative.in ggrmré, aES in.correcting the
val ues of thRenRaSUPelerEAEhTE MY bR bPet RE2hi FLEred@eS N5t ween t he

t enper at ur esabtul heisaemwd nomnkgrpolingd nsh manp esetdspeneing 26nmeae
temper Zbur & e%%u%%mgpllﬂs a%%ls?eg]egretnocecq_’rirleccetrstt,?ga{neé fﬁﬁ}eg e(l)f backgr ound

tenper ure .e sqene on gas concen 1 ONn asurenentg. According
t 0 anot her rhanatiaeidvinc peframedel0 dqnaantticol? ther netpoedatepoméoesi sts, in

order to defgfbeachLUr Blfl bhePlcAldstibeidh Ui SelgOfedbhicts of
transm ssion bands that are determned relative to one another as a
function of2@bSer ption lines of the gases to be detected in such a manner

that a filter usahlg 28r3a3% HedpArARGR dtildrelof AndetoedhhgoRNerdas is
usablelgs %nethod consists in previously determining, for different
temperatures of the scene background, values of the
temperature derivative of the spectral luminance of a
black body at a given mean temperature, in deducing the
temperature derivative of the above-mentioned ratio for
20 the same given mean temperature and in the absence of
gas, 1in 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



measurenent filter for detecting another gas, or vice versa, in
"associating the filters in pairs, each pair of 1 8 MAY 2006 4 fi [1t&MAY h#ithg
for detecting one or nore gases, in making the above-nentioned fl ux ’
di fference nmeasurenents for each filter, in calculating the values of the
above-mentioned ratio for each pair of filters, "and in deducing therefrom
5 the presence and the concentration of the above-nentioned gases in the
observed three-di nensional zone. This nmethod nakes it possible to

syst emat i zef ahderspbednge fiche destdwidi e sore berl nore hga sesy eispreikiing

Eur opean pafent i t f u ough
each of the£$?l ? Brggeuggé%gﬁgl etqlgsnﬂg(yca/l efée]}renﬁ(?lﬁgé%é;gg%’f‘%g gt F%% %n%{}[] °
gases are pfiedeat,i ant belcodsdrivad tAvneralnes sof highe ppRevereensignad t he

method  for,detgCkbRIcach Wadld o Ofi 0ases, WRse: SReChhtEngaBREERIAM | i nes
are distinct rom one another, or on the 15 contéa{&/, over(ly part
Ay

ap 1 n,
whi ch i8 quihe BBREBACENaNG &S GORASH T Fricter? ?@ﬂ%ﬁfﬁ?PBﬁQHeqhe
invention, ghgesMBhhedeCobSiestvied RH RGN iskeal i £osa@ti on matrix in

which the rows correspond to the filter pai.r nd the 20 col ums ,correspond
to the gases to b&tde @5%8@ W%#eﬁﬂ%ﬁnﬁﬁJ%f?f%ék?wﬁ¥F5%T?f§Z%eFﬁ8 fornzg by

the calibraptoniyel uaeohkaihved dexcrmilypd rin tdie fabdeesspaci idedpr esence of

k tit f j qet iQn, 1 f ] t t
those rows EUFPEERBNA=FBNtHe 5 FH I Rad e Tt Tt cROFRELERERE Te "
represeats ofieflopashromght emmde adn thid thrlfps us¢d hagdetke®nbybei ng
constitut edyef ObneX2ME By BA12 A dHiecrRRoyess BRI oRedehat ka aldies

obt ai ned at erent °p ts of the 1 mage of  the observed zone in
cal cul at i ngobsersedcaepel-at ilén icodfiarciRaRSiR¥e tHe 2RPLymshefmerbod
identificatfop gRtEE¥ingt B Phermasy eeasestwios@ngpédifLenparing said
coefficients with determ ned threshql.ds i order to duce therefromthe
presence andPPREPELABe PP&?i@ﬁ%ﬁ&i Qﬂﬁ*ﬁﬁqﬂnﬂ?%nﬁﬂp gbs Ph PRe®

observed zogéntrary, overlap in part, which is quite common in
practice.

In a preferred implementation of the invention, the
method consists in forming an 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,j 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



Accordi ng to another aspect of the invention, the nethod consists in
"using, for the purpose of forming one 1 8 MAY 2006 5 or nore pairlsS AT 2006
measurenent and reference filters, a series of filters having transm ssion
bands which are spaced over an observati on wavel ength band and which
optionally overlap, in obtaining an i mage of the observed 5 zone in each
transm ssion band, and in summ ng said inages in order to reconstruct

i mges seen through broad band neasurenent filters and i mages seen through
broad bandofemerenpeaifrisl ofr meaBuirereronsaid trdfiexerde | fApesroyea a broad
band of 10 mavelen%tzs fron1ig%q$s bt ai ned over .narrow bands _of

wavel engt hsSFE158vaht 4§d&5ES 9 i AT BaRGR WRheRnBERod of the
i nvention tepaostr oremt anpobsesyiatgon wiawglarndth dambsetd avhdahchannel s,

or when it | ' ect, t r.es of . ar b of _gases in
the 15 san%sggﬁééiigcgr%ﬁ%%?0H§%?E§%b?ﬁ§£fgﬁbﬁ§§iﬁis igy%f8%ﬁ8r¢%65

i nventidn, tomerdfiepanbe tirianisarissdoan danchesirnkbd f idumenisng neagdby st acki ng
thin | ayers. aypn r ; %yggﬁ i a
correspondiﬁ@ggggtﬁg géaggsg?pggg% %ﬁﬁg§¥*ﬁ¢ e gé%%gg?jﬁ%%g%gtgg?an. Such
synt hesi zede@nft BpasEapMERFe flliRdH SidbAmadss Rahrrighreraader ni ned

in extrenmelyspaeebse-8BRpRERF 11tklMdS I nproving the sensitivity and the
preci sion of neasurenent. %5 In,a variant, it is possible_to use a

continuousl y- t uh8hPerPFPREE TGO PndMaGSoR SN E P Rdvedotacr oss
the entdre wpeslengtht Bavel enghks whder nddidre recarivnbdwdyebfanot her
characteristic of tp i,nve tioQ t he nmet hod .consisfs .in conpari,ng.the
Cmages 30 WHYSTRRHCERr bgRAYRE COFECRTs Wi drts NE (I RED AT hBPPh or der
to detect rehatmgehodvefenhebenweart itthme tabsersweumennics tdwes sbseingdazone
and/ or  TovESEILa YLD Bel BBDSREYEA cHARfe e JIELHAL LS SOgBLL 5LAO

reposi tioning t relative to one andthér prior to processing them
so as 35 toeldataatethbhrepratrocsceior teeagshowebsantdforgRises in the

15 same zone.

According to yet another characteristic of the
invention, the reference filters are synthesized filters
made by stacking thin layers and having one or more
narrow transmission stop bands, corresponding to the

20 absorption lines of the gas(es) for detection.

Such synthesized filters can have transmission stop
bands that are determined in extremely precise manner,
thus improving the sensitivity and the precision of
measurement.

25 In a variant, it is possible to use a continuocusly-
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



relati ve novenent and/or so as to elinmnate fromsaid 1 8 MAY 20D8 MAY 2008
"images those portions which correspond to novenent within the observed _
zone. By way of exanple, this makes it possible to perform neasurenents
over extended zones by aerial observation 5 (instrunment on board an
aircraft or a satellite) or perforned on board a vehicle, or by scanning a
scene with a canera froma fixed point. This can be done by using an

al gorithmfor detecting m)vi,n%l objects in the observed zone, the al gorithm

10 consi st i A§EIeS TRSURRE P he b K| CeBEPFRENAEPf BRYSEE e tWiddhi ™ t wo

measur enent +hRBRSIREREGIINeel Yy obtained at an instant t-1 and at an
instant t; calcylatin standard deviation of . the difference_ 15 inage,

t her eby obt ai ni néyt PV@}g\P; a2t 4 aemn%irgﬁﬁ%? theP°Pha g,e ShREHA T ng at
(t hr eshol d1melauwtandnteyicatd rExtendedt zomes by naeyiaimgb selr vatsipact

poi nts: o | aheling. ROt & R Je0 ANy of - Lel Al eg. POl OLs .1 130, hyeshol ding on
the nunier of 50| S’in sai regl ons ‘and retarning as imovi r%g regi ons those
that cont apenfomsmecham (Gdamssolwd)ipbenter bndscarnippati sgeree witdps on

the referenge Jpages - oht aj nad, a4 r*:;o-%l@pd t. 25 Applying a binary AND to
the two maps &f moving regions 11 the measurenent images and the reference
i mages gives a nétisx cain el idpnerdiedrs g me ahaerishmafpri detesting map

of the abOVﬁbgﬁp][giefragﬁ%at%t 116, thd |dbsedd esoneestRE LNgbaAtnm 30 In a

variant, the ference between an inmage at instant t and a "accunul at ed
scene BAckgFEMEdStdNd Adt'ant t is used. The scene background is cal cul ated
by nmeans of a recWalicaadildercid giree bt ©-p £96 BSEL ¥ €e FEMER] bed W eAge
(ARVA) type, The scene ba qu%ngif%élg_teg A gg i nst ntttaby i njecting
therei n 1 he -HEalSASTES dr “}gésrelhceé) &ﬁhg% % SPRRTBRE 12"t ogether with
the matrix instant t-1 and at an instant t;
calculating a standard deviation of the difference
15 image, thereby obtaining the overall spatial noise of the
image;
thresholding at (thresholdl.standard _deviation) to
obtain a binary image of suspect points:
labeling points in regions of related points;
20 - thresholding on the number of points in said
regions and retaining as moving regions those that
contain more 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 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



of noved points at instant t-1, so as to update the 1 8 MAY 2006 7, 8

" background only at |ocations where there has not been any nnveneﬂt,"?%u%ms
obt ai ni ng a genui ne background of the scene w thout any noving object. The
"time" menory used for calculating the scene 5 background can al so be used
for calculating noise, the pixel-to-pixel difference of the measurement
(or reference) image at instant t and the scene background at instant t
being injected into another recursive filter of the sane type as that
mentioned aheekgrdereynbptat niogatonscuheirat ethere $as Hir assemubayed

bl f. h h Id ' [
noi s6. eri { oMU BIiTe T4 PEREED FHgB PRRC BacBASARACEY T SRt on Lo

thresholdln@aﬁnauyrnhnutﬂammnmewrngtebgact t hereby reinforcing the

robust ness of th |csld¥neﬁéézgg %ggés ogaw%hlaggngpgﬁﬁ% understood and

ot her characterls ages thereo “Appear nore
clearly Son hesdanpurite dan I@W@lgb@e@%?dpfpﬁncaﬁrﬂééabyn\@aylooiseexm e and

Wi th referenqgdioddig, i acr UPAFY+EgcEr 81 PHe maawﬁ'reﬁen%o (oFrl gure 1is a
di agram of rfreans for I nplenmenting the invention; gure is a graph

showi ng var F&fiegedcs ém§Qﬁu§¢c#P§#a%EvEléﬂatﬁh?nsFﬁéet@@S&@ﬂQH
derivalive ghstidht spastim dneoeaeeiofodahbenkrbodrutanve Ff'lllr@éftd(fOf 25
predeternlneglnean e atur ure gragg specific
absorption HEnSeM& & e?%é§E§¢ H%?%Egl FOV ndPRES Naﬁ iV g bands
of three fikhiceismulsedd afoikss ectTig ada@mmuaadeangmse 4ti $ndt@maph show ng
t he wavel en th 30 .positio %1of a ser % Bﬂéé usabl e _as _neasur enent
filters and™8 écetseflgf @r‘?(,séc‘:"\[}:f § 2. PHe %’f%n Qr?g &PENPERRE VU Fi gure 1
which is a naua@rwmrﬂanmaupﬁmﬁhs dof fenpheeennagg (the-i baekgiraund (t)
Compri S1 NG 3! BEITRL drITRAL: e GATES fhd Ouapagcbghedati hB138 2,434

processing system 12 via an anal 0g-t igita onverter serV|ng to
observe a tﬁ%@éegwmgquﬁqgc1ng the robustness of the algorlthm

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,



zone 16 conprising, for exanple, a background.18, 1 8 MAY 2006 8 Ry

+ 20, and possibly also a cloud 22 of one or nore gases whose presence IS 10
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 |east
one filter 26, and a photosensitive el erfent or set of elenents 28 on

whi ch the optical system 24 fornms an i mage of the observed zone 16 through
the filter 26. The canera 10 may be a charge coupl ed device (CCD) 10 type
tel evi si on cawkldingsthe,| akd PossibdyuBdmonts dleud B2 dfsidiie spembrem or

a thermogr ap&‘é/sé‘fé‘%@s%aﬁ?%lﬁ@n% %UEB' )b'e”Qiett%'HE"erqata&‘xrde rements of

observed zones direct term her mal 1 mager used as a genera
termto de5|%ﬁﬁﬁ%ﬂﬁha§p9nlaﬁc§°c§Sa§Eéeémlﬁﬁ@V|d|ng an 15 i mage of the

tenperatures of tfw. obshE¥gd15008ed! £8y eese'r%wa kR WRIGHL Of quors or
gray-scal e densities are a functlon of the tenpéeratures of e observed

poi nts. As HREASYesPi BRELFA tﬁ¥5586‘v84r'reﬁﬁ'-l dRe§TEONGpddd tpat et No. 0
544 962, in midled protiesentiaigbvenctant ok s2@ ©oF eeemrsy AP &ge two

but one of AR (BS CoRRReL: SPRE e a4 R oran: on RRERE Poltifa ar | ohst

one absor ptichedrved specefl6 thrbhghgahet fidltes 6. be detected while the

ot her one of whi t d. pf e.25.r rence filter), daes n incl ude
- 1ot [P bR0 % 81 mb o085 ar EhELERCE b b bt "l

said specific absorption Tine(s
specifik&irxnxﬂﬂ tﬁﬁﬁwsssonnCdeeeanpnlngecémkeaﬁbs meatshe emegiter eilwe | mage

and in the Exxim®or di LherRRGespAGt very heal, Jyixesy gori ng

from points at 30 er t tenperatures in served zon passi ng
through the SRR 239 oﬁer@eer%ube wepssrementReofnehsarEsentzan®gye bei ng

the i mage semnrddviopgh the tapasutpaenhlf hhh?éranestbeeeefaer NG SBYE
bei ng t he e seen through the reierence ge he nethqod then 35
conS|st|nglﬁ?éhﬂ591 THEIPALT 02Df 2BBL §2BERt FARERIEr Of | RXOVACRME étes i n

t he twad s magemgen off deie toebpé patiuAes 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 inelude 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



magni t ude which is independent of the flux emitted by the 1 8 MAY 2006

‘'gas cloud 22, of the overall gain of the camera or thernal |nager1ﬁ0MN6ﬁm6
the tenperatures of the points under consideration in the observed zone,

of the tenperature differences between said points, and of the tenperature
of 5 the gas to be detected. That approximation is legitimte providing
the tenperature range of the background of the scene is not very wide (a

few degr ees)and, uf nzﬁheo%bgﬁé%bg@auns?gﬁ oEuenbokRdzl oL 9Bk R L

wavel engt h
partlcularlymagﬁrahorn@ﬁs?h?aFe@HQF@BHﬁ%ﬁto aEE%uﬂ?lﬁEédgnﬁ%rbe t aken of
t he tenper atomesdefathenstenehbackgeouad konerdef tbe Hempendhwrereci sely

t he Concentﬁﬁff@ﬁeﬂéeéhBeQﬁéehnsébé p6hiAYd, 22nd16f Tehdotéhpsratira bEr st

inplene&tat% 8f t@g LLNYE é&?@d it is pOSSIb|e to use a neasurenent
magni t ude nvarlanF function of te erat Egl
wher e:

neasur enent nagnT@@HeaBBFﬂﬁlﬁ?t%ﬂﬁ f8r hEIFCiMeLE r?ﬁ} (Dis
the mean obfewpefhtnrénrahgecafctihat bankgwpnddwet thelgcﬁh@ ABovetnenti oned
rati o of copirastsder (&l esw defteeencendi wheni dhwi adsvrplbonpligeaot

par amet er d@H&”?b&Ee Df Pe asyr giehe &abéfén pd B?et5§f§h§B§§oB'|ter
and which can be 5 g ure
u

a
o anet Bt AFERTHE BGuhnet SOoRp PR ACBHaget ef %aﬁl%%nge?a’?ﬁ%feéia 200).
30 The |ntegma@@dlééﬁééﬁ%ﬁét?BﬁléPn@8§ r n2EREUNFnBeBfs sPghe FakdBet 8fni ned
by the folleomengenptabtaonshi pf theCdtebe(ha¥kgrwhedein Brdsrthe |ine of

sight; and 38:-2m8R8 BrareshayagptersntbatrsdnohecFeagyr gdsbyn €aki bration
(b expresses segst|V|ty to a given gas and a

15 To do this, in a first implementation of the
invention, it is possible to use a measurement magnitude
that is invariant as a function of temperature, said
measurement magnitude being of the form:

¥ = (n x oP)/K
20 where:
e & is the mean object flux in the calculation
window;
e n is the above-mentioned ratio of contrasts or flux
differences in said window;

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

e K is the normalization parameter which is equal to
®P 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 b (a-V¥)
where:

e { is the line of sight; and

35 e a and b are parameters that can be measured by

calibration (b expresses sensitivity to a given gas and a



18 MAY 2006 10 depends on the selected filters and on the tenperat 2&

" the observed scene). It has been verified, for exanple, that varia |0M 4006
t he neasurenent magnitude |Y as a function of the mean 5 tenperature of the
calculation window in a tenperature range extending from about 25C to
about 35C is approximately one-seventh that of 1. In a variant of the
invention, it is also possible to proceed as described below. 10 The ratio
of contrasts or flux differences in the neasurenent inmage and in the

ref erence iMQpendﬂ1¢mathwi$ekﬂntﬁﬁfﬁilbass andx8nTtae. témpedlature AIf d~,
"1 =1+ T Id g%&%}léT(ﬁ T 15 where: [dix] is the tenperature
derivative o the spec ra 1 um nance of a black body at tenperature T;
Tc is the reIatlﬂ@wﬂﬁﬁnbeﬂnrYﬁ%ﬂﬁ%@doff@heesampia,1©hat2®afnau1Qﬂm1n
transm ssi oppeoefdd Gl atedf Adendasas!euds T |f§mt&?_0r;l§ Egé yre of the
observed scene; AT Is t%e tenperature contrasts o e observe scene;
gis the wa\t@m@gtﬁﬁbnef &k e Frelciebatior windedsiiRefehempPpragure

transmi ssi opahgped e.amex{qu ef enosoud i 260 toagssusskigrcbagd; and Axref
corresponds to the wav ngt h transmni ssi on ?and of the reference filter.
Contrary toaPﬁﬁpﬁﬂWQEéi:réhﬁa%&%%&#&d BAT %% st 30 approxi mation for
certain transn ssirora bantdsarend fvhere thevetehper aitr esrabge pbssi®lebser ved

scene i s not ver i de,_.. the tenpe e derivative of the spectral
| UM nance O%oa%ﬁ%égégaas JEScer%éé%e ow.

10 The ratio of contrasts or flux differences in the
measurement image and in the reference image can be
written as follows:

dLA
J'Mg TC.Tn [—E] AT .dA

T

nsi dLA
et 7 [_} AT .
Adref daT =
15 where:
dLA , . .
-ZET is the temperature derivative of the spectral
T

luminance of a black body at temperature T ;

Tc is the relative spectral response of the camera

10;
20 Tn 1s 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



1 8 MAY 2006 11 bl ack body at a given nean tenperature is not constant but
"varies as a function of wavel ength and also as a function of nean
tenperature, as can be seen fromthe curves in Figure 2 which show§ MAY 2006
variations in said function 5 over a wavel ength range extendi ng from about
2 pmto about 15 pmfor three mean tenpératures, 320 K, 300 K, and 280 K,
respectively. It can be seen fromthe curves that the shape of this
function changes with nmean tenperature and that its 10 nmaxi mum noves

t owar ds srmblamkmbwéyeﬂgthsgasenhmeaeahempemp@ma@udsinunfﬁamstaﬁbe

i nvention takes, ;‘E{Eﬁé‘r‘és% %{]ﬁé‘é‘l& rpat ;9981 1gt91r %%%P%l%a& Il ows:
ideal values I o e rat 'n t e absenceée o as are evaluated or
cal cul at ed fwnctiohepEnmeppanenpenptnatur 85 6RN e Se@Eme ﬁmkgthgnd and f or

different &enpeg 2%:5”?1%&98% Qﬁl&ﬂesﬁ%”@aﬁ}%'f %%”Qrua'kﬂaet&‘eﬁ?n

val ues are record IS use measur e tenperatures 20
of poi M's i9Vehea séavel engklyr sanaci axherdingl Axiosn aiovdow 1% Ede i nage of

the observeggonels ﬁrﬁ'efHEaf'hI:@QpﬁééhUESmﬁ@QaTtﬁfi'ersan@QOOfKteimrﬁtures of
t he scene background in said wi ndow are déterm ned; the ratio of the

above- ment iBHELI) B dFEFREEREES1Y25 i s neasured for the scene backgr ound;

and the val ues Df ¢de }a@ogeemﬂromneﬂeranroear e¢hatorhectstthpe thft he hel p
of the ideal val es recorded in

r corrections t.he val] ues of
Che moove. i E HERe L 557 ifnbds JMEMB fpad " EolREraRl Bl S VREESS
over do:yﬂmaﬂimmmtmpﬁésptaeasdsfshoekaaneyeéangmhsra&hﬂhe|meamerforned

t aki ng accquny %&@étfﬂpfégggges of the surrounding pixels. It is thus
possi bl e to correct neasurenment errors 35 that result fromthe presence in

t he scene backgrmdimyentior| eakas 8aaPuns ¢&r fhrsee, vegd addars é0n chi mey
in operatif¥hceeding as follows:

ideal values m, of the ratio n in the absence of
15 gas are evaluated or calculated for different mean
temperatures of the scene background and for different
temperature ranges of the scene background and these
ideal values are recorded;
the camera 10 is used to measure the temperatures
20 of points in the scene background in a calculation window
of the image of the observed zone;
the mean temperature and the range of temperatures
of the scene background in said window are determined;
the ratio of the above-mentioned flux differences
25 is measured for the scene background; and
the values of the above-mentioned ratio are
corrected with the help of the ideal values 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.



1 8 MAY 2006 12 As nentioned above, it is possible to evaluate the
"inprovenents that result fromthe corrections of the invention oh8tM& 2006
m ni mrum concentration values fromwhich it is possible to detect gas: &
when the range of tenperatures of the scene background is 1 Krelative to
the mean tenperature, the evaluated inpgevenent lies in the range 1.1 to
1.4; when said tenperature range is 5 K, the evaluated inprovenent |ies
inthe range 1.3 to 3.1; 10 when said tenperature range is 20 K, the

eval uat ed i nprov i es i ran 2.2 4 Q0 a en sai
t enperature rangeep{rs:ars}ﬁ%{}én%ﬁeggggﬁﬂaggd%anro%vsé%rrje;net r}'l%l 557\441;{"5{%% ﬁ&ﬁge 3.4
to 18, the rimpravenentse ofatheesuptofaemnthiseiooy naeaticnist aifhethe 15 for a
gas whose a iqn. | i ; epiS$Si i nd,

o 16 the M A e e A ML e
is at the ddnsisingassiblentoofetnetcdadra or thernal inmger (8 pm in IR

band I11g, with thefareedi pangakbrgtbhpBoattled ¢ kR eiisR the
detection threshold by a factor of about 10. This assunes that the scene

backgr ound PHFFGIERWKESLS b HetetAta¥8 ERa&hey Mesic heaPesaRuRR i dmes
associ at ed whi Jaraw edgsrSpenbput 1188 €Al $8kViryngel 1t.he tgcane backgr ound.
When the observed zone is, tationar¥, it is possig%e to géicov r _or

eval uate the emissi¥i®h e2f tFBPGLEAFBEE pBPEFORS K n&nge &S¥@ 3a%e ound,
t hus maki ng impreossidiite Ye®bimi theprangsi an3oftoa3f.aw tenths of a degree

ol odifh about _om* Gt 15 cHEee FACRRG: BaraEon"! A 2deker Wiked & ahper at ur c.

know edge about em'sSivi |n%reC|
In infraredeviedmdted irppovemdat phjesnbdst that serhgks 2(&xteptlidng gued nt )
have emi ssivities Lyd did h@%ﬁgﬁggtgrg E.gn?e i s€+485ghayiRg a val ue of
0.9 0.1 and the precision wt I ch tenge atures can be determned in
the scene b&¥RGIGHRE iMRFFRIReRE bies in the range 3.4 to 18,

the minimum value of the improvement being that obtained
15 for a gas whose absorption line is at the emission
maximum of the background, while the maximum value is
that obtained for a gas whose'absorption line is at the
sensitivity limit of the camera or thermal imager (8 pm
, in IR band III), with the correction making it possible
20 to reduce the detection threshold by a factor of about
10.

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°.



1 8 MAY 2006 13 The inprovenents that result fromtaking account of SHRANSN6
" background tenperatures in terns of mninmum concentration val ues f&P
detection are then as follows: tenperature range 20 K = inprovenent |yi-ng
inthe 5 range 1.7 to 3.2; and tenperature range 40 K = i nprovenent |ying
inthe range 2.6 to 5.8. Reference is rdv made to Figure 3 which is a

di agram show ng variations over a certain range of wavelengths in 10 the
transm ssion of three gases Gl, &, and G3 for detection, each gas being

characterized bymesae@rfdvf‘emeaﬁssvrﬂqiatorrésm fﬂ@nabéraiﬁélsacbuﬁ%scm gases
& and G3 Dbei ng %/) %gcl ose, to each other and overla mg part. Figure
3 al so showS“Fh oSG i SRRF TG hride 9SFRT gPbaBs %WB@ filters F1,

F2, and F3, cohtehtwhen oms et lives omﬁolcratemm e rshemags erbheopisesence or

the absence of the three ases d G3 in the observed three-
di nensi onal zone 't 5°B& &@tt < d:a%e %10 Sg SeBPT VR effé,lnghén the

transm 8si onahgadl.20tbi I3t.&7 EInd ncl udes the absorption lines of all three

i 5L, 30 o0 o 41 £ TR 0 B 1 50

of gas G3, and a por sorption
transmi ssi onabaﬂdZGﬁ toi 5.8 F3 does not include any of the absorption

lines of 25 theggasesnGl, l@,n&ﬁ%a% t@%ﬂddfe% Fvé'hf&@ #QUé Bﬁa!jﬁ‘%fnt as a

nmeasurenent filter and the filter F2 can b€ used erence
for detecti ﬁ’@o’t’h6993§6§aé}°§ﬁd QUEL Pn&EFEYRIEY W%rp%é*’%‘é%eﬁgtas in

neasur ggent thél teansA@sandnt be ftiHdey Jakeracibe asehms @ reberence filter
for detecting the gases and. G3._ Under_ s ch.cir net ances f gas is
det ect ed us?ﬁg CE?PﬁereﬁﬁgzgﬁF qg}%%w(ﬂﬁfiﬁi§Q%? t t%xFQE?htlFllter
pair F2, F3absbeptibe (dmepr éhentabsordtd cobdemesd abrnemsss 2 &id GB gas is
detected using, (1l Ler PRLES B oE2n Mo nd bud L INE 985 pLesent I
Figure 3 also shows the transmission bands of three
15 highpass type filters Fl, F2, and F3, which when used in
combination in pairs enable the presence or the absence
of the three gases Gl, G2, and G3 in the observed three-
dimensional zone to be detected.
As can be seen in Figure 3, the transmission band
20 filter F1 includes the absorption lines of all three
gases Gl, G2, and G3, the band of filter F2 includes the
absorption line of gas G3, and a portion of the
absorption line of gas G2, and the transmission band of
filter F3 does not include any of the absorption lines of
25 the gases Gl, G2, and G3.
The filter F1 can thus be used as a measurement
filter and the filter F2 can be used as a reference
filter for detecting the gases Gl and G2.
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 Fl1l, F2, and
F2, F3, then the gas present in the observed zone is G2.



1 8 MAY 2006 14 If no gas is detected using filter pair FI, F2 and if\gas
"is detected using filter pair F2, F3, then the gas present in t he! 8p¥RY YU8
zone is G3. It will be understood that the group of filters F1, 5 F2, and
F3 having transm ssion bands determned as a function of the specific
absorption lines of the | ooked- for gases4 enables the presence of one or
nore of these gases to be detected even if their specific absorption

lines are very close together or overlap in part. 10 This nmethod can be

generalized as fald %‘é‘??e@ri@ cgépé@té)&_lgg§§§nggl?§ggﬁgggt @g G Oroup of

filters is determned having transm ssion b , are défined relative
to the speciiffi @agbdsr ptatariedess ot hkltgaseadirnF3uch3a smetifhgas

filter mhic@r@%e%&eqja&h%:Hbgéﬁﬁg@n@@néiigeg3tor detecting one or nore of
the gases can be used .as a neasurenent filter for detecting_ anoth one
or nore gases, orItviwég]vZ?%é‘}ncg?ﬁsW\%df‘?rll‘ii%rgh%r‘éro‘égsS%i 4tddSEP girs such

t hat eagh firbt eangairs $erwiasy ttorankeitedionebandsodet ganeaedt @& eontrasts or

flux 20 differences caqmi fromithe observed, zone, t hr ough_each of he

hbove ment | GHBGLROR G ik SRS T SR HE Rt SReLbPeE HE EBBydSikfd oned

rati o of coffbragtseasr,e edeilelras netk fresaacd PAi onef ofi mbees p fanthedwe

presence and_th oncent r.ati,on, o € I ouU Sk N rved three
€ +SoReen tgeudcteé‘dd A d 16 ¥ 3 QUS ggég’rﬁécnég%%%%&f‘be

25 dinensioﬁgfezone are de fTom sai d values: :
i mpl enent edlasetokirewyeny g seldmddtier ion eueriapi sncpastructed i n which

eaph cqlum is ?%%Q%i%H%%d@téhﬂ”ﬁéC&eﬁé%bﬁ&@é@ io P8119@E§Ct6d and in
whi ch each row is associated with one of 30 the above-nentioned filter

pairs, an el enenfOof, & GFAR P FRTIX QrivesPRrRFhedt o2t HEVR @€ of the
ratio of theilgemtr ast sdtednihdE ety SIENE rd ABEEs 806n t ben@snthatt &iden the
el erence | MRBEREY 2D Wi Vel 880 g LhEp PN\ L LT LIS 00
can be det gapesednexspeh nemalrder haald bf Bl ten wiiich hesr esedaklsy sy
Calcu'?%ionreference filter for detecting one or more of the gases
can be used as a measurement filter for detecting another
one or more gases, or vice versa, and the filters are
associated in pairs such that each filter pair serves to
detect one or more gases, the contrasts or flux
20 differences coming from the observed zone through each of
the above-mentioned filters are measured, the values of
the above-mentioned ratio of contrasts are determined for
each pair of filters, and the presence and the
concentration of the various gases in the observed three-
25 dimensional zone are deduced from said values.

The method may be implemented as follows:

A gas identification matrix is constructed in which
each column is associated with one of the gases to be
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 gquantity of gas j, the
pair of filters used being referred to as Ci.

35 The elements 1i,j of said identification matrix can
be determined experimentally by calibration or
theoretically by calculation.



1 8 MAY 2006 15 A series of measurenents consists in reading the r%FR&Qses
“of the various filters, and if one or nore gases are detected, in 2006
constructing a nmeasurenment spectra in which elenent i is the value of the
above-specified 5 ratio of contrasts for filter pair C . Thereafter,
correlation coefficients are cal cul ated, cbetween the various colums of the
identification matrix and the neasurenént vector. Each correl ation
coefficient is determned using a known nmethod (e.g. by calculating 10 the
rati o whose nunerator conprises the covariance, of the colum of the

i dentification nAtPRELERdOSF MERS UERESI S RS Lt of Eﬁﬁpﬁﬁ%SEgﬁenoninator

is the pr OdﬂéépoﬁﬁebhgfVthealvthfoutshemeJenm afnd dehtorie C@t‘nﬂdﬁlremt rix
mul tiplied by the variance_ of, the neas %ﬁ nt vectcw%ﬁand 15 t

coef fici entI4BEFi PFEs IERECEE Yy oSt CORSHFAC TSRS ™ %ﬁEWF%%Iﬁ%%CErSf t he
|dent|f|cati@nwhﬁthlmlémand 1cabumhecaﬁﬂ33p@n&htnptabmn&rspe¢hé1édoked for

gases) r%ﬁf?oﬁ surement %e%F?erQ%%éﬁﬁﬁl di up fromthe nmeasurenents

made on the pairs o exanple each el enment of the
vector may corr&bpordftera coxmedatiba woafds digntheadovelcubatrdned

ratio at VaééeHg?HO'tﬂgsvb@lbn@ 'c'a&gﬁn%f tfheché)tasceéﬂ@idflzw@mmﬁatemﬁ of the

correlation coefficients exceeds a 25 threshold of predetermned, val ue,
the gas corar@pbh@i AgastseBang HGﬁﬁéFatl§WQQxﬁquﬁ¥§ﬁl?% ¢refhiedens being

identified.; Nagutabhynett uis$nBoss ikBlognt Qle@‘:ﬂdd’le A gol wal éd yewfat ihgeshol d
| evel s which correspond to a plurality of evel s of rellablllfg"yt n the
e b

identi}Pcattlf BFt%ﬁeWhpéﬁkéﬂ 5Ft§§é§§mpﬁﬁ§Q§) ForEoF ¢ Sses in
the observegbz@ng ofamhkeidehedfiined iy s@ltwiing drte «fystleen of equati ons

ConSL ) L oo Y e PRRUEBIET LR O A AC S A e 0 gL sy hybl e
conpri si ng of rolms wadipntcoffutthe) 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 1s 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) .




1 8 MAY 2006 16 The system can be sol ved once the nunber n of neagyr gEERiGE
"is greater than or equal to the nunber p of gases to be detected. The
measurenent and reference filters used for 5 detecting gases in t he met hod
of the invention are typically filters having a transm ssion band that is
broad relative to the absorption lines of the gases to be detected. These
filters may be replaced by filters havi%@ nar r ower transm ssion bands
spaced rel ative to one 10 another in wavel ength as shown di agrammatically
in Figure 4, or by a continuously-tunable filter having a transm ssion
band centered on ﬂ‘mﬁ’éﬁfgtﬁaW@hS@éﬁeﬁe0n§§u§é@ nompary re et i nuousl y

over the Sp%@éééﬁ&é&ﬁ@%s'i‘é’e&éﬁ%koﬂhaﬁ gr Eeamm8amMha Jn%m funabl e
t% rc %g

15 filter may be a Fabry-Perdot etalon fitted pi ezoel ect In
Figure 4, ea&,arFer%fte?et?l%ed%tGQte@ 4, 5, ..., designates the transm ssion

band of a differ elFHe fhdd Qirem&n®. aﬂ@uﬁéﬁgréﬂcé @hﬁ&@&%nhs@:@a@&l of an
obser vat, é? Ilance I t, ca be seen that %sese transm ssi on bands are

close t 9 9358 tHeytRe et apli Ahpatnvensdopekgen bands 1
and 2, 2 anctﬁnczm]d.w ﬂinbltél)s loaviheya tﬁ@nbﬁlﬁsmahabénﬁr ema@ng aanot her (as

I t t Is bein ossible f hese bands to be 25
3ﬁ?fgfi1yos§§§% apa%? Nert I aeﬁg% %ﬁr%gbg?e ybfg. © hE FaPRsES 159 tRes

provi ded |ndﬁﬁ?qnﬂd<nu$hﬁﬁﬂwﬁﬁk¢erﬂ ndne b@seeyhaced hppEname&snake it

possible to [,e over
br oad band, hby ?%Eﬁ%i#%y&$ ||ty ?i&?gﬁ%% ?S%ﬁd E%g 0 seraﬁl?ﬂs
appl i aide. ﬁ&OQ§@ﬁnﬂQaWqWekQﬂgﬁﬁﬁﬁQcﬁQﬁW@e@b@ge§M@abseﬂiéyalnspeC|f|c
absorption IFiR@den 4, ¥ BEH WbPRhNes 1 @-+ @nalFESHE eRERL hw_%&l Ry be
obt ai ned by sunm ng channels, corresponding to transm sslon s 1, 2, 3,
4, and 5, 3§r§H&“ﬁ%¥EF§¥§ﬁHEi| Eé@\?ﬁe%ﬁﬂ%ﬁﬁéﬁn%Vhsﬂhﬁ?hgcéﬁaﬁﬁéls
correspondlngub@dtm&n&mﬁyﬂdﬁhﬂMﬁuhhéuyﬁ%vé& ans Spedt ButPYndBe8

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.



17 When the transmi ssion bands of the filters are contiguous, conbinin

" them enabl es a broad transnmission band to be reconstituted. If th@yMﬁﬁgmm
di sconti nuous, summ ng them nmakes it possible to overcone the presence 5
of interfering gases by elimnating the wavel engths at which such gases_
absorb. The nethod of filtering represented by Figure 4 is advantageous
when using a nul ti channel observation aﬁgliance, and al so when a | arge
nunber of gases are to 10 be detected. THi's provi des an i nagi ng

- spectroneter having small spectral resolution while neverthel ess
conserving |large three-di nensional resolution. Filters presenting one or
nore transni ssi on"BeBpthBafgansaier iy fradsars B visiehterangressi on bands

3 and 15 4 &dhfi(?m@sﬂ, c6ABiRenERER oM tdhayiea PrHdad A-Asdhds g bgechni que
of stacking thin JTayers, thus enabling filters adapted to the gases for
detection t P YNt ARsFEEANSLLREFERY gﬁghﬁﬁfxlﬁﬁﬁmﬂ%ﬁf94ﬁi%ﬁﬁﬁﬁtivity of
det ecti on. |stuz1usira1|;sah@mfsmhhée iLe pbissimﬂrmefbo td(;zermi@nf ééﬁﬁ&%f@seﬁ@efi lters
presenting a plurali of transm ssion.st.op_ han or tecting a gas

eyt ng. 2 bl QY aI oS 5ToE088, BAFER BV S04 LARITE 1N S R RS urEr |y

sui t abl e forwhidet estcimgggasesabavrbg a spectrumwith a plurality of
absorption |ines 4ncl Ln the. Lt vit of , the 25 canera, or the

t hermal i mager, éﬁ%%éﬂgggﬁg 3Es§ﬁ?§§§%%gdréé%%%§%3%§«§¥ié%%ﬂﬁﬁﬂ 185t o
reproduce acsivatigeohs wheecusingof mhd tgabhamelhebsefmragricen channel and

thus = makes JdoPOSSLD] Cah@ UPLK PHER BNG-GRM EndRASIdE Wddes hand of the

canera,_ thereby reducing the m ninmum 30 concentration of” gas t can be
det ect e by B¢ fARFEH - abdlf BreBAfsPed Wil oingt SHFCHF dmeiREsi bl e when

using a comesinPnahal Bf epepeeali kbablvwhase waMalen@hh Adrnsgdssi on band
i's necessariké5¥eny.nar ow. 1 8 N%gd%OOG 18 CLAINS 1/ A method of
optical |y d&FERSTHGHYastdyIT hBFEPYIIBERELONA] & SSRdE- i@ rensi onal zone by
neans of a Filters presenting one or more transmission stop
bands, such as the bands betweéen transmission bands 3 and
15 4 in Figure 4, can be made with great precision using a
technique of stacking thin layers, thus enabling filters
adapted to the gases for detection 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.



measurenent” filter whose transm ssion band includes a 5 specific absorption
line of a | ooked-for gas and a reference filter whose transm ssi &8 WAh@006
corresponds to that of the neasurenent filter but does not include a
specific absorption Iine of said gas, the method consisting in detecting

t he presence of the gas by determ ning fjgux 10 differences passing through
the gas (22) and coning from points at different tenperatures of a

cal cul ation mnqﬁ and by determining the ratio of the flux differences
seen thro measurenent filter and of the flux differences seen

t hr ough t helf ef ek eneeh®dl| @&ropt hea hby hdat ®et Hgd 1328 hay abeBPEeed in that it
consi sts i nopiséngingi d thteo-tomenet enal neoae nepsueanendf nagni tude that is

i ndependent,, of ., { eﬁ@”PEI@éPrﬁﬁoé@ £P§n§ﬁl§§l@ﬁlﬁﬂn&ﬂDQ@M&@@Q in
determ ni ng_or

t he oncentr at h om said
magni t ude, ?%?%lg%?n bﬁ%f%?ﬁ?%e % % %8Ok8?h£ £ %gabo%é gée0|f|ed ratio
by the neanf¢f%RemﬁetﬁblEﬁFcﬂhﬁﬁ?o rﬂﬁﬁﬁbﬁﬁb?anaﬂgl@ﬂfFﬁ@pg% d F9tio as a
function ofthde ofli thereagsubenerenfal peedeterdppednoenpecitideeaand t he

t enper at ur esp0ti the §§§6§pb@@ﬁgl@uadoﬂegggaegasp the meghedl abhebnswingow.
25 2/ A nethgddQQ?QEthgtﬁg g Qégh a&@ 5239 agtépﬁinlﬁg f1ux
(6]
St

measur enent e- nenti oned

ratio, (D idlt %rﬁ%%ﬁSfPﬁis?ﬂgtFEr Eﬁpc ?on ﬁ?%goﬁpd pcPEt89p gFaﬂeter
dependi ng omotheSB@tnéagﬁeEﬁehttamﬁerét@r@nc@ffal@@l@ulahéox wsndow,
nornallzatlgﬂd paraseteniggngl the eRtioroa predelernibefdetrenpesasuer of

the cal cul a %&hngﬂﬁlmgag rsﬂgﬁk £0120€ 234 éfnﬁﬁeoélaﬁcaigfegeheeglalm

1, characterlze consi sts calculating idea

val ues of th8®RaFQrrag otpﬁ Fﬁ eﬁﬁggﬁc% 5%e§alg£§a Eg?S PFtiPent nean

t enper atur eshatacherseedeipathgkolhdcanaisbp #nfreiedt saidnpeEaPuFe ranges

of the scengebackgheuadpebburemnondi mggnihede thetl ivalindspandenn cbrrecting

thf measur egd, a%é@éeQBt&QeEhﬁnsehé Eélb@lgilﬂﬁaﬂ§né&wtBﬁdr@ﬁorded }dfﬁl

rolve, 2, S btlanscly 0oy losgieen, etpeen Theitame g gy e

from said magnltude, this belng determined by weighting the

20 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
said measurement magnitude is equal to (n-®°)/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 @° for a predetermined temperature of
the calculation window, e.g. equal to 20°C.

3/ A method according to claim 1, characterized in that
35 it consists in evaluating or calculating ideal values of
the said ratio in the absence of said gas for different
mean temperatures of the scene background and for different
temperature ranges of the scene background, in recording
these ideal wvalues and in correcting the measured values of
40 the said ratio by means of the recorded ideal values as a
function of the differences between the temperature of the
scene background and a predetermined mean temperature,



19 these corrections being made locally in the calculation w ndow. ?/Mlﬁ’ 2006
nmet hod according to any one of clains 1 to 3, 5 characterized in thg I'n
order to detect a plurality of gases, it consists in using a set of
filters (FI, F2, F3) of transm ssion bands that are determned relative to
one another as a function of absorptiot |ines of the gases (G, &, &X)
to be detected in such a manner that a filter (F2) 10 usable as a reference
filter for tdekectorgeeneopas beGhy mhdeudaklad 1§s ia rnehas wadrentatfidrt er f or
detecting gmgiher gas (&, G3), or vice versa, in associating the filters
in pairs, each pair of filters being for detecting one or nore gases, in
maki ng the above-nentioned flux difference 15 neasurenents for each filter,
in cal cul ati/ng Bhaefliodeacsrrding &0 PaYnmoRS Gfed1dfis ¥ &° each pair of
filterss amtlaractéedueidndnt héraef nomdie rprtes @etecanéd Heimedridgntafat i on of
the above- gRRLLONed @3R3 stk ke LIRS weddihigerdimRnsl onal, mone3)20 5/ A
met hod acc@rLding e Claln fartlafagler zeddd fidkq e GNYS S Idhe
previ ously “detérnmini Ng cal i brati on values ~for the above-nentioned ratio
for each paPPTBRIf @St & £Unstite At @0ERER T a Wi udits 197 %S €

above- nent G8ne 6325 tgade idetealtad din my o alagmiesh tdeds 14 dildfiesr bidtdleen
said qalihsabilenakakues ferdee fidlusws foal adtaload g emd s (G1) is
above- ment i Qned JMBASUr B Serit M 19RAUGIW dhalc @ iAScthd¥ gaaNt in the
observed zogg w%%n a corr.elation coeffi cient. .S qgrtglaet efrilttharns a .

pr edet er ni €d 't firdgh§d.V £ WEV¥ 2006 26 6/ A éthdd accordig 1 cl ai m 5,
charact eri Padrisn eheh Palrcodsifkilsand fReimiond o dedafiiMT ANOrP T4 in
whi ch the gaews,cdn espkdmdy tthe had dvid-tresm tairesd &ildiy v fofd neese cor r espond
})0 t Ee 196f§éats§1_r%%e@1%}seq§&dbeta%h a:idﬁfr@}t, 47 _c@f;cﬁll%a%iq}wr{é ?«zabltajéw drorned

y the calibration val ue . [ r ; .er e, presence
of a knowt &u zilrkg)tolvtey moefnecziL Oglaes({ij rr2‘1“3Colro ?eotrgce%l%gl n ﬁail%f foofr n% lnlqt:s eaf Q’,rrea{z;nsdu F%Lenme nt
vector who$é I ShedSFomP ttd'q RFg99nGe and the concentration o

the above-mentioned gases in the observed three-dimensional
zone.

20
5/ A method according to claim 4, characterized in that
it consists in previously determining calibration values
for the above-mentioned ratio for each pair of filters in
the presence of a known quantity of each above-mentioned

25 gas, in calculating correlation coefficients between said
calibration values and the values calculated from the
above-mentioned measurements, and in deducing that a gas is
present in the observed zone when a correlation coefficient
is greater than a predetermined threshold.



pairs and in which the elenent i represents the 10 neasurenent nageg MAY 2006
filter pair i (e.g. a nmean of values for the above-nentioned ratio for
different points in the imge of the observed zone), in calculating the.
correlation coefficients of the colums of the identification matrix with
t he measurenment vector, and in 15 conpakigng said coefficients wth
~determned thresholds in order to deduce therefromthe presence and the
concentration of the above-nentioned gases in the observed zone. 20 7/ A

t hod d I [ . d hat i i st
T oo P b Rehes Y, BeRgrting Ul a8 AL e T8h, bhaBolL ot
ref erence f|itecensasSSrnesfotmhmbtemsﬂdﬁdtﬂflaatunnnmstnnxbﬂndwh&th 2, 3,
4, 5) which gge ?BageleOQxégFg%ﬁda%oomr Vﬂtrtg} WALl ba0dogid.il ch

optionally overTap, ning an i m ZoR& N each
transmi ssi onchandspand ta §bmnge§aut@ |heag*@§ei@ecbrm ebemenbnit fuott

i mages sgen émauxggtpmage@ﬂadfomﬁumﬂ%te fdd 111685, @nsh | PR vRfes seen through

broad band 30 reterence filfers. hod according to claim7,
characteri zeRPFaiRpdt forhe PRaged iOr# §&|1&et¥e?r ddw Hehderegenge @f 4 5) are

obt ai ned si Mé@lﬁ]e@ﬂ§hﬁlﬁ? par al bels heg@&elcriet@fctqrbrﬁ5 absesMaih§na
appliance. 1 8 MAY 2006 21 9/ A thod according to precedlfg claim
char act or | 2diF 2 FUTPEETFt VEGROFsHEORR EEMSationy SIROI It N bt 4 REH ¢ hr bugh
the various paltersnaM ih ehécanehbeeliemener derrdpraiairaod e ati ve novenent
bet wee he obseryati 1 nd _t.he ob erved zone (16)

roverontd viteReiYaht ol Fa0E385 CiTkod Bt oM RE o TR 9 AL e R rmges
relative to foome Bh@tNQOVprmentuonpdo¢e$sDngcuhehﬁfemﬁnt;pmnmﬂsnlnathethe

i nfluence of; {he, ab df’ gﬁéTEBBEQ?@%d E%h@%' Vg o ﬁ.@%ﬂ a3l Pp S0 as to

elimnate fron1sa| ose tions correspond t o novenent

wi thin tmaQﬂﬁ%ﬁ%%%ﬂ?%n@OFié}ClEOFSAoﬁeFﬁ@dC@éﬁmﬂﬁrﬂftﬁh%laln19

characteri zeidirifodation 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.



noverment is detected by taking the difference between 15 i mages at %nﬁk?gh%
t and (t-1), by calculating a standard deviation, by conparing thé
standard deviation with a nultiple threshold, by conparing the nunber of
points retained at a given threshold in order to obtain a novenent nap,
and by applying a binary AND function to 20 the novenent maps for instant t
I n the neasurenent images and the referg&ce I mges. 11/ A nethod according
to claim 10, characterized in that a difference at instant t is calcul ated
bet ween an i mage 25 and an accunul at ed scene background updated by neans of
an ARMA type recursive filter fromthe inmage at instant t-1 and a map of
poi nts that Havke mepivkedagctasdang tolany2praceeihgdcdedsv.di ng to any

precedi ng C'&lé@ac@@rf?@&a%eﬁhé‘édltncbhéﬁsﬁ:gelhef:%gn%'&%rfg' IR S Rh Ges

synt hesi zed filters made by stackin hi n ¥ers an havi'ng one or~nore

narrOM/tramﬁﬁ?ﬁﬂ%ﬁﬁs@%ﬁo%ghd§he EBFF@Eﬁoﬁé# §rEovikd SBSoENAWIET | HRes of
the gas(es) dder A&t €84t OBt BElative 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 is detected by taking the difference between

15 images at instants t and (t-1l), 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



