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WD 2005/ 001409 PCT/ US2004/ 012946 D WF-001 PCT PCT
I nternational Patent Application Systens And Mt hods
wo-0005@ersdor m ng | nspecti ons And Detecting CheprdTah2004/012946

Leaks Using An Infrared Canera System This application

clainms the priority benefit of the follow ng commonly

owned U. S. Provisional B Ie Ep,epplications, all of

whi ch are hereby incorporate %Y reference: 1. Serial

Nunber 60/ 477, 992C&dntemhtialVaREMCLPpORtDETECT|I NG GAS

LEAKS USI NG AN | NFRARED CAMERA System filed on June

11, 2003; 5_2. S rial q%gr 60/ 482,070 entitled

NETHOD OF DEFieEFAR ResTargajng Fispaqtions dRRARED

CAVERA SYS8tiedting Cheuicacmeakuheng?&; InBAE:3 Cammxcl Sgstenber i al

Nunber 60/ 540,679 entitled METHOD OF DETECTI NG GAS

KS USI NG AN | NFRARED CAMERA SYSTEM fil ed on

J 5 vaP\Fauy clasdhe priqrisrpaRg Rl therfpiiawiye pommpendy Pynedie ¢ Provisional Patent
Applicationseaiitof @hicli @¢ hedg ing@preatalbl yefdredcevi sual | y det ecting and

identifying chem cal, gas, and petrol eum product

|@a§%ﬁal%h99 6@@77'961 mﬁe%%éﬂ@[)@ Hﬁ@ﬂé&ﬁﬁﬁm@&em 05 P

t he oil usi ness, e petro-c
INFRAIRF(B&WA ﬁyﬁe‘bﬁg%‘é@i‘%@ 7[993ant s, and for utility
conpanies and utility prOV|ders for exanple, often
ner erisliNumbadol4sameshtiilal PRIUD OF PETRLTING GASDEARSIKSINGhan
lNFRA:k%D fdaieRg é\%%gﬁfe%FJu%Eﬂt 5‘&)3k£'rx(gge5t chal | enges is
ry| ng to tin h eaks 'using conventional nethods.
g/ conventional nethods can m% m ss a | eak and
not SCHENURPeriop/ 3105679 et MRy OF RE N 6pe HE@/KS USING AN
INFRABEB ICAMBRAK YSTEM fi)dd on tawiypdonzboaf the | eak. Al so, many
conventional nmethods are very tinme consum ng and | abor
TECHNIEANSieY . Which leads to nore expense. Hence, there
|s a great need for a faster, nore accurate, and |ess
ensive method of detectin such | eaks. 20
LR Py P elEsEnesilE o Vil i g dentigghemical. s, and
petrolehm produdy igaisusing i froéd IRy dineaydion conpounds (e. g.
fossil fuels), are often transmtted or channeled in
BACKBRB®®p The conventional method of surveying lines for
petroleum product |eaks or for detecting petroleum
product |eaks in general is with a flame-pack ionizer
d B‘tt@é’elai*d g5 pusigess.diptppeirprghemicalindustpy gin prgcessingzplanis ang fopytility
compard@vhdagi)ity pANiderk €t exa@piNiflely m6te wied O @dneg YsSh@BIrHI§RS fidieaks than
fixing l@a%% I(Yn% o{' tﬂg lgl%: ﬁghaﬁy Es(?srﬂyl %Qoafvndqg leaakstursﬁ?xl 30q1¥entlonglg?eth8iis any

rared el ving senso
°°“Ve“ﬁ‘§‘t“r“i‘_ﬂ“1§éﬁﬁa‘b?“@ﬂw etss f @H@gd nqtﬁﬁmvef the deeciiie hot oypBtrly mvssmoned over or

downwing@ Qf,thdr leakt A@b, rﬁahﬁcdﬂ%%ﬁl%eﬂb& ad \k@'tlfhe tdSunStg B@MbR intensive, which
eak. These tests

et PRty PP PR B B Pt et prEm B orighoc o
detect”&tSUCd)rleakavm nd of the detector. They do not provide a
visual inmage of the |leak. Also, these prior testing

meddRaes pﬂb@ﬂtdl sﬁ&x ab hﬁndj%% a6d lQﬁndﬁng s bﬂgﬁx@@drﬂom%ge g., fossil

erous and/ or

fuels), P cla ?f?el (% s%tttf c?aﬂxéeled I’]%pb%& conveftl%/m r]\_'w lines for petroleum

produc¢Iky @Sz@gmhmgeﬂ@m product leaks in general is with a ﬂame -pack ionizer detector (also
sometimes referred to as a “sniffer” device). Another recently developed system uses an active infrared system
(having a transmitting infrared source and a receiving sensor) for detecting petroleum product fumes. However,
such systems require that the detector be within the stream or plume of the petroleum product leak. These tests
merely detect the presence of petroleum product fumes at or upwind of the detector. They do not provide a
visual image of the leak. Also, these prior testing methods require the detector to be in the immediate proximity

of the leak, which may be dangerous and/or difficult for the inspector.
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Prior infrared systens designed for eval uating rocket
funmes, for exanple, would provide an unfocused and

wo pmzpoi4oege, in which it was difficult to makeCcDUE2004/012946
background objects. For exanple, using an infrared
canera that images a broad range of infrared

vel engt hs 0., 3-5 mc¢rons) typica not
\A%élf’rdf‘p"? b Sys&f&'ﬁ 8%@[’??6”5"?‘:%‘}4‘“& r%%%&“"ye é‘&?é{ e‘ﬁ‘?“tfspé%v‘dé an Unfocused
and fuyzy iraghlirewHfi¢hl it veas diffival tosmbaiaut baakgpughobitits.f or evatple, using an infrared
camerp@nﬁ%(\ﬂggstahv?oah Fangtlbf Q&Lr@m?fvelgr%th? (eI gd g @trrl erns)trgﬁcap)aQﬁjiWotq;e l[]seful in

the strongest intensity (as quantif %
de‘ectewaé ks: ?H%S-‘/Efﬁn’ pse bl Hregh%%rsaw%glfferaﬁ v ihpin ap gremet to
identifly €2 Bindvidthtohde afvegestdiadnsifakseuanpfifiby e E)@@kr)’etThe KIPAISf this system was
an attelrh?tstg?ierg gvpc%e \efgllragec tolxaa erMha%Ekggslgae on t&tvgahé?léntg% at v\s%a %1 the mtensrty
was grnmst faretq rgekeiplums:- prrrd@lsaysmcwe@smeé ts)avrovrdﬁa@eu%wsual lmage to
view tid redetteRtRust.OCket exhaust. Ot hers have attenpted to
vi sual i ze petrol eum product |eaks using infrared
e\r}sg‘laYen emafgeéigo \g%llxlanlezre getro%ur{] Erocti { lea%se &sﬁ? ]gn Fr%lc/i camera? usrgrg aswarm
filter sgt,q@anp@r aactivh infrareq ¢amera sysgmu Agygrm @lter petpptis ong igavhich a filter is used to limit
the wa\OaM@Jhﬁm&m%aﬂﬁach the hﬁ’raﬁe@@hsof 8@% ﬁtté}@s doﬂflfﬁ &foﬁ:@ oﬁr@ﬁ§<9z[ted portion of
rerr I

the carBegF tij t{;e cargera er:rhléas %gzﬁ&grgteg] qut quhgucg a/ﬁtﬁrp%haéwh %ﬁe&o provide a focused
imagercgphble of@nigtleahd poily dettingSuahleaky strdpisg dapable ofidrtectigdeakslipimen distance

(e.g., fr(Qn zpl{egé()'plgrepaﬁmtg Qe R ﬁrg? Otﬁ@%teﬁ?@@’kh@e aer re&”ﬁje G kaLey béﬂr‘% be projected
ily detecting | 1 eaks, nor being capable

througa érte AR Fr}d&r ITS@%R@ Ip ?ra?ﬁt(hdeﬁf%tle&ffée@ce o( éc}@mrca]fe{narmug from a component.
Howelrg|with apph @istepg oplcally tevmemovaladei e mudkhs theslys bedam f@ftie leak to be
detect?tﬁ :Hgﬁcg,haqgg mrafge%rgs@d f’f‘thle Ebse? Beaﬁl%@é!h&%m@‘?he% tgjoﬁt% l%% a;llé such systems

nspecti on der 10
often reygnalle @gfénlééﬁresifsma" lsrré nﬁl%‘ﬁﬂ: 2 PG PIEES frrg “rar @wrréor@@ms@ﬁh emequon to
find Idzi@WEMY Edliabilty nd abcuaby, SYiftbein® fastér Wi hicad doyt etflb@vd 1R le@Wink &81EJurvey
methogeam must cross the flow streamfor the | eak to be
Btected. Hence, a |eak may be mssed if the | aser

beam does not cross the path of the | eak and such

sy e & Envgprmesntabhiretectiprddercy ( BPA) B#sipeappspd fulent@ aligyayifual inspections using
mfraréd&&k@as M'!Qﬁ’@xﬁungaeaﬂ ﬁi@ﬂctﬁx hLS\te§s f]—ﬁbve\@r WatYo ﬂh@la@&ff ﬁ&icﬂ?onaabllrtres and poor

performance Qemonst Sgﬂe]lg:yt otl%gperlor and fcurre t SP/S? evﬁPAI'ha%:goé I%/eat' p}leérggte@sgg rules.

nore
Thus etea fhe BRA bisioRg vetiok ossmoey (o mldnetmt@d S waylpErelibis. and accurately

detectﬁg%hlrsgnmmsa&eﬁr otection Agency (EPA) has proposed
rules to allow visual inspections using infrared

ng | eak i nspection surveys.
SUM%&@‘ST@H@%@{’& | ack of detection abilities and

poor performance denonstrated by other prior and

c uFhe grebleysand pegds outling! abvA manbk addressaddsy embppdimente oftteecbrasent invention. In

accordatde®%th one bEYES of BY SiBsedt AR edab Bﬁﬁvehﬂ%%d%&d sH8enf :Qfapted to provide a
rovi de_a system or reliapl nd

e to
visun RS RSB DTS G0 R RGPS o P MG o provied. Th pssv
infrar& JAVAIRY st€Dk- indliEes b NVEINETr (ghdatddhy@rtion,ald aafsiganicdn neterdsThe refrigerated
pomog H&s tﬂeﬂ:ﬁrC‘Ln ﬁmg@se%ydeb%e ﬁ)g QJ &J% ?gang}%ss? o‘f‘he%ﬁ'e% ortd?ﬁce is

present 1nvention. In accordance with one aspect

adaptrdﬁecaﬁtregenffarrhmé&ﬁfroaﬁhe leps pHsopiral bpdpisafilisis @aﬁeiraéeng an optical path
betwesrytB¢ len¥aadiBgib @dedisensfrdonded At lBast pait SttJassibrAgE tleopt&bal bandpass filter is
withirpzﬁgggorgﬁ%n bgrwaf&qr e{\éncﬂgnrgarl 0@8\%&? %\gp Q{%ﬁs%n 1géd\érl)t€dgo &odﬁthe rfefrrgerat%d portion
of the dnffaied eAMSIASYSEM: | ncl udes a lens, a ref ri gerated portion,

and a refrigeration system The refrigerated portion

ham a&cbﬁﬁrﬁé Wittednothdd fagpadt Gdhérﬁeﬁéh@fnvdﬂﬁdhl Qﬁetlﬂﬁdf ﬂﬁa]@(ﬂeie&ﬂk aleak of a
chemlkgag atisgtfrfgxln g%(?r{rpﬁrrleenpes ﬁ)lr(ir;]/{_(]i]g(? ;l?né aret ndS mclud S t}é n;:: E%Wéngl sgﬁssdescnbed in this

The opti cal bandpass filter is Iocat ed al ong an

optical path between the Ilens and the infrared sensor

device. At least part of a pass band for the optical

bandpass f| I ter 'S vvlthl n anzabsor pt| on band for the

e Y ) o, . e o
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In accordance with anot her aspect of the present

invention, a nethod of visually detecting a | eak of a
waebmsioeabhd emanati ng from a conponent, i s provi BerUSni/e12946

nmet hod i ncludes the followi ng steps described in this

-2 WD 2005/ 001409 PCT/ US2004/ 012946 paragraph. The

ord of the ste i be sequent i al
prs g et S B TR Ry P oAbt prale o
combipdtiens¢isfeof. A pab/'s infrered qrfnera s Emdsairegdaoveuds the mnipeneai. Midel passive infrared

camerh Q/W@ﬁ %lu&e@@leﬁsommégr&gd po-lmﬁ‘ ap@aséfrl\écgatfong st eﬂhe r&ﬁ&?a'te@ portlon
em | nNcl udes refrigerate ortlon

nd
'“°'“dt%*refﬁ"gaewﬁtafes PF“?{/@“tveﬁt‘"d?ﬁ%‘”‘f”éf’%“f“@j‘ésrfétf’re st Bdoass e i ocated
along amplicatimeh betavesnaheriena mditinfinfered dense ASQE. Aiteaasupm a‘nqbaaaaand for the optical

bandp%phlltep §|w1tpiﬂ ggﬁ@tﬁﬁhoﬁ bzlnt! & the Ill%ﬁlltcglptl‘h%r@tt éép %@érﬁ is'a aé)teg to cool the

| ocat an optica
refigcgiad PpTieD |Aﬁf"tfefeé 8ehG Btfeddethﬂte@ptwptbatdeeéfﬂwpa”the indjpared, image is that of
the leaR @Bthe dhaich] Eddnating &o@ fHeicGragonenh alﬂ’dptaéﬁfriréd it phsSes\Mréudh e lens and
optlcamnoﬁp §?lrtelt) tthejnterl‘e)(? gg%rgdotr ! h?tth%fgg( 1S re?ewed vev{}n at € 1e1frare Er{s%tdevme The
ﬁlteremfrtrm‘lmegee@elm@g ghe indrateq! $epsor dedicans tlbptrpmﬂlmmqeesacl to provide a visible
image b@&geﬂﬂrﬁg&hefﬂltt:&@fnfrara_d”lﬁagenfl‘ﬁeﬁéaﬁ@s visUBY QehtFied Biadd oRthe vEBR i image
re resﬁ e 11 ge (gm cal ‘PEQ g fg fromthe conponent.
Presifte Pe e mbre S ImagF Rrvigeyiasie 3§edt°i’ﬂ’e(5*lfdﬁe"t he | ens and
opti cal bandpass filter, the filtered infrared i mage
of The freegpingalies puslinedratnbeaddinfethret dféheipresancin@otion émasdsr that the detailed

descrlﬁt@){ bGR m\;Eﬁlﬁbn 13 il dw BaPsk Hed: ﬁxﬁi@r@t@od ')&%@iﬁonﬁﬁ&%éé%{?d Jayantag@ of the
ni cal rocess ed

en c ctr
inventigp Polaangor el PR gen e ﬁﬁ%&gté’ B Hgme R B olgshou b
apprediatefdibp thesd skilsigrethe aFtiiat the adacdpgonand spedificyembatiimdni dlscendedbxas edreadily
utlllzeQQS atbgﬁs fW ﬁddh&/ ﬁg 6r%%ﬁmg Btﬁ&) Etﬁx%ﬁﬁg br%%cgsg:? (fffr l:él %% th}e/: same rP]urposes of

infrared | nage provid rare
the preppbinyegfiQty & St*fgﬂ 3 beailtz‘fdrt)é (‘;f‘oi‘eé{“H?é’rm te EJ’%WWP ecamvate@gor@tucmns do
not depdntefropiIrtiRSspiFit anid K6 ST khd Mvenfiodds A€ forth athe dppadddelaris) ed

descri ption of the invention that follows may be
BRIEP‘B‘EEﬁﬁII‘ﬁ@ﬁEﬁt onal features and advantages

15 inventi on Wi be descri bed hereinafter

which formthe subject of the clains of the invention.

| t1h fRdieivioe ib @ Prid preiprian e By WingrowRichs Ristraterermplary prabogiments of the
presert m@intidnhaed @evheept i on and speci fic enbodi nent di scl osed

may be readily wutilized as a basis for nodifying or

d %G 91'1& &gp&t Q%ewsbtfﬁ H‘n%ﬂtH%l%%k ﬁertecﬁ’({nqg ?e%80§§ fi Ispe bg(ﬁ& er I n g

out the same purposes o e prese Fnventi on.

shoul d al so be realized by those skllled in the art

t HAY- Stassheagiis oF he difpred epreiesyptemm ob e chymicaldigk dersppetrsystem G- 1;

the spirit and scope of the invention as set forth in

t HéGa ppehdedbsotpaénrpaphor iBRlakel- DESCRI PTI ON OF THE

DRAW NGS The following is a brief description of the

dr il 1S wanithitsfol cirld kAL spaemmf@t A/pnettpaqwa&%ﬂtrs of

the present invention an |n

peFrlépectl e viewof a c (f‘ Ieak det ect| on ystem

of 14 ¥ PAPRIBbHTHENE s |SE§° Jkangchgmicalwithethg R?SS&F“dtOﬁ@e first
embodimdnt @anepdsed &heeora syst em of the chemical | eak detection

systemof FIG 1; 25 FIGs. 3A-3D are absorption

grag. hesis :Incé[)so%gm{bﬁ for Elsrgéll sét of Sikefle éh(zlﬁi@acimv Stfleg:ﬂss%wd 6P the first

| lustrati % pass an opti cal pass

embo‘#?‘?"ttéar",spofffigire@’ is an absor pt| on graph for a small set

of al kane chem cals with the pass band of the first

e Q. diisrme plisorpticn rgsxplo&edsntah edt eftrmmafid dBemiald Githalie padd Send T thOfist
embo@h@PinfRBlea el | set of alkene chemcals with the

pass band of t e first 30 enbodi ment transposed

thereon; FIG 7 is an absorption graph for a small set

of aromatic chem cals with the pass band of the first
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enbodi nent transposed thereon; -3 WO 2005/001409

PCT/ US2004/ 012946 FIG 8 is an absorption graph for a
wepmsiomes of al kane chemicals with a schenmatiBCT/US2004/012946

representation of a pass band for a second enbodi nent

transposed thereon; FIG 9 is an absorption graph for

t of al ne chem s with a schematic )
* A0 Yo gk 1S R igE kiR e e el G ofa
pass bandders poseldmbivgneaomenspgseFthGeonl0 i s an absor pti on graph
for a small set of aromatic chenmicals with a schematic

I‘ Qﬁ’@ BSEM8HAh Riph fR a @ﬁﬁ@etQ@H@né Qemald »Qi%hratst}xe@nmqq#&@uﬁhon ofa
ransposed. t hereon; %%&r 11 is an absorption graph fo

paSSbFfE’tf‘P{éﬁ‘lérd\ﬁP‘Pcﬂ'"éf"g@W@PFﬁ “Pepresentation of a pass band
for a fifth enbodi nent transposed thereon; FIG 12 is
arFlahd dvap hsomtiqprezaph fof oymaiiedt higanenatig <thhmiaals%ih1@rsmein@tic representation of

apassrb%rf&%%hmm@meh wanspAshndapd for a sixth 10
mbodi ment transposed t hereon; FIG 13 is an

?21738 elgtés:??gtes? ' ﬁ ngfafpggobggtg%ggﬁ rma%lc rgpz%gﬁ:{trlﬁn of a pass band for a fifth
embodiminockinsestt! therrams posed t her eon; FI G 14 is an
absorption graph for ethylene with a schematic

I 6REES et @Esbrgf"on%tapﬁ’-fopﬁ&ﬁanp@ma ;c%aﬁn éﬁésgl?attlbn of a pass band for a sixth
enbodi nent, transposed t hereon; 15 is an

emb°‘3’8%??5‘fﬂ°ﬁfﬂt}§’ie3‘bh for propyl ene vvlth a schematic

representation of a pass band for a ninth enbodi nent

t r G sI3 dse dbsbipdengaoaph foF btilend Gith sschamatidrswespitatiomofgrpags hanfd dar a seventh
embo &%M%n%?ed\fﬂeﬁe&a schematic representation of a pass

an or a tenth enbodi nent transposed thereon; FIG

17 i s an absorption _graph for 1 3 hutadi ene with a

scHEN|t 28 apsepresERt 5’? FtHHe"BfV lthya 35hematiq eptepeniggion gfyp pass Gand for an eighth
embodimay embposediieeod; ment transposed thereon; FIG 18 is an

absorption graph for 1,3 butadi ence with a schemtic

r eﬂﬁel%em«;thgslor%ﬂonograpﬁ fo??r% léﬂ@Qgh { sQlFem@tlc I gﬂ@@krft;ﬁ iBn of a pass band for a ninth

nbodi ment  t ransposed er eon; is an
embo%iﬁ‘%l*?i‘ts‘?oéeﬁ”(‘jfea‘bh f or suI fur hexafl uorine wWith a
schematic representation of a pass band for a

t hFIGt Besdnhbserpbackrape iir ptopydans poisedhdriatr re@espnta2idn bfla@ass Béhd for a tenth

b hﬁ, REES thﬂ{ En.Vi ew of a chenmical |eak detection
em 0sl g em%ge e%leorlljrteenth enbodi nent ; FIG 21 shows an

i nspect.or using an enbodi nent of t he pr esent

i n¥AEnt7iiv, abﬁgipt'i’“ graph fqr |l 4 Sptpdigng withya sghematisrensssergatippefiapas pand for an
eleveh eritogimpit @aspiseditiveenit i on to i nspect nul tiple yards

froma single yard; FIGs. 23A-31B are exanpl e i nages

obf@i I i emati entati and for a
h@, ﬂﬁganlé? %%4%@%@?%%%&0{2?8%%%2% H{élﬁ%‘fn&% H‘éﬁeo%ba‘?{‘b d f

‘We‘ﬁﬁéﬁ@qﬁt"l‘t&raﬁf"’%" e canera enbodi nent of the pr esent
i nvention;
FIG. 19 is an absorption graph for sulfur hexafluorine with a schematic representation of a pass band
for a thirteenth embodiment transposed thereon;
FIG. 20 is perspective view of a chemical leak detection system of a fourteenth embodiment;

FIG. 21 shows an inspector using an embodiment of the present invention;

FIG. 22 illustrates a use of an embodiment of the present invention to inspect multiple yards from a

single yard;

FIGs. 23A-31B are example images obtained using an embodiment of the present invention,

e



FI Gs. 33-35 are flowharts illustrating nethods of
usi ng a dual canera enbodi nent of the present
w0 noenvidon; FIG 36 is a schematic of anot her PBEIS2004/012946
canmera enbodi ment of the present invention; and 5
FIGs. 37 and 38 are flowharts illustrating nore

epbodi ment of the
oot ¥rettaledfs (gl SR BERCE TR 8%y 015046
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
RETET PI-rgpraftanchass tingratine aiiheds of using A mpr Riabqdisreptob e present
inventidyber s are used herein to designate like or simlar
el enents throughout the various views, illustrative

e rﬁ?@ qil6 g&%m&fc o#‘ Q’Sthprrdgzﬁ gzanera eHM&ﬂLénPJ} i I'i)%rt‘ﬁﬁﬁ%toﬁrhqd

descri be gures are not necessa
scale, and in sone i nstances the draw ngs have been 5
5 eXFé%i; %} and d8yare floyychits élluﬁﬁ nfgfqméﬂnqtlwdquf 4yiRg dugjcamera embodiment of the
present InbenSdnr at i ve purposes only. One of ordinary skill in
the art will appreciate the many possible
applications and variations of the present invention
based on the following illustrative enbodi mnents of

the present invention. FIG 1 shows a chem cal |eak
I nspection system 20 in accordance with a first
enbodi nent of the present invention. The chem ca
| eak inspection system 20 of the first enbodi nment
includes a passive infrared 10 canera system 22. The
passive infrared canera system 22 of the first
enbodi nent is adapted to provide a visible imge
representing a filtered infrared i mage of a cheir ca
emanating (e.g., leaking) froma conmponent having the
chem cal therein, as discussed in nore detail bel ow.
As shown in FIG 1, the infrared canera system 22 nay
be nmounted on a frame 24. A shoulder-rest portion 26
and handl es 28 may be attached to the franme 24, as
shown in FIG 1. The shoul der-rest portion 26 15 and
the handles 28 aid in holding the system 20 during an
i nspection (see e.g., FIG 21 discussed bel ow).
Typically during an inspection using this system 20,
an inspector will wal k around vari ous conmponents while
carrying the system 20 on his shoul der and ai m ng the
system 20 toward the conponents to |look for leaks. In
ot her enbodi ments, however, the canera system 22 may
be handled or carried in other ways (e.g., by hand,
froma vehicle, on a vehicle, on a tripod, on a
gyro-stabilized platform by a harness, etc.). Also,
as discussed 20 further below, inspections using an
enbodi nent of the present invention may be perforned
froma vehicle (noving and not noving). The |eak
i nspection system 20 of the first enbodi nent al so has
a flat-panel display screen 30 (e.g., LCD display)
electrically coupled to the infrared canmera system 22
(see e.g., FIG 1). The visible inages (representing
the filtered infrared i mages) provided by the canera
system 22 nmay be displayed on the display 25 screen 30
during an inspection. The system 20 preferably
i ncl udes a video recordi ng device 32 (not shown in
FIG 1, but see, e.g., FIG 21 discussed bel ow)
el ectrically coupled to the canera system 22 for
recordi ng inmages obtained by the canera system 22
during use of the system 20. The vi deo recording
device 32 may be attached to the frame 24 or it nay
be carried separately by the inspector (e.g., in a
backpack or in a carrying case 34 as shown in FIG
21), for exanple. The video recordi ng device 32 may
record the imges in a digital and/or

-5
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30 analog format, for exanple. Thus, during use of the
system 20 for locating a |l eak, an inspector nmay find a
wo e@koomdsual |y, as viewed on the display screrer/B2004/012946

and then record detailed and focused i nages of the

| eak using the video recording device 32 for future
DE f PR rd of the |eak

T&@%B;?%Fggﬁggﬂg?ﬂ?ﬁggﬁ?rSt %&ﬁ@PneA@ﬁﬁas a battery 36
eIE trically coupled to the infrared canera syste
e BrEray éf{ﬂ‘%/dm hS va5Eindif rofgrencs nyseRRes @@dlseﬂ;'ierflh@ designate lie o

Simllabatmeetsylr@l@hodum vagows sewgfllutthgvesyBddainen2 Of thoprakilt @Werdtibreare shown and
descrr@él 'rﬁksf%ﬁr% at nott 9ec£§9a¥r%/ % scglg gr?ci i soﬂ-H 1rls{zlrgzesatﬂe{ %rawm%§ h?ve been

i nspection. In odi nent' s, however
exageggiedyy/ Oﬁé“%léwe'r é'aceéxfoa'“astrﬁwewp%eroa%g?neeqf eidingry kil {p tferags il
appreédateiid inan® possidle applitativns andy@fiib@todihe prédent fifverifo@bhséll oh &e RalbRing
s 3680 S rQenl R A9 001409, PCT/ US2004/ 012940
or exanple fplca it will be less preferable to
power the s stem 20 V|a a power cord, as it may limt
t hFéG BeYs ajchsmicst leghjpsPicH U0 lwenréﬂnces‘rltbwfmwboﬂln@m of the
presertt inspeat ITadichpmiofl &A1 inspedtion sy2terh 30 & tl&(iméfﬂioﬂﬁleﬁlﬁnctuhﬁ a passwe infrared
camerJa st%ﬂ&? dThg‘E%E (éeﬁi{tf?'%esdt Ermréz s%/steon]: %2': ofﬁﬁ ﬁrs% em%o%rmenﬁ%%éa%%g H)tprovrde a
‘“S‘b“t IReseserssentine 4 fikred inder e@aﬁeﬁwéa gyicd smARtitgAS . depling) frampraemponent
having BOGeRica heieh, & dlsaRgd b nvssREDbAIwI0 for optical ly
focusing the inmge. Preferably, the | ens assenbly 40

f
I( Sad sﬁmvr{f‘pllﬁel ttt]i%frr%lareg cal % Séﬁt JZ er 3m?unteeg§n a ggb’i\ 3oulder -rest

er ent r an
portiop ﬁ%%namné'ds Brinay heaf@etﬁ%toéﬂeéiy@t @misz@own imHE. ba%est@ulsicystsemtlon 26

and the Banhl&SZS&dﬁr@iﬁd]dn@&ﬁe%&@éﬂn ﬂ)QﬁrIlﬂgQH mgr%cttoh ake COMRE 2% @ﬁcussed below)
p% In an in

ovic Sl dn P P bR SRER PL e et oD cpponems whie

carryipg th Seﬁ%vb?%p“dtefshqwe!et apgaiming thatyeten @ towkrd the dem@nencsonibeki fivdeaks. In

other étﬁ)odlﬁ)térﬁsf ﬁ‘d'v@bér,ythe dah§a 8¥R 52 & ﬂ&n@@ﬁ ot &riPR oL ways (e.g., by hand,
cuated rﬁg on .50 surroun the refrigerated

from apvé P8R 2 §B e n g RS D 2 48O Sﬁ@tﬂefgt IRHE9FM. by A BArgEAlF)- Also, as discussed
furtheclpivvainspeqtiods8isinman epdodimaleoffite presameib @htioa mdy bd pelfageditrom a vehicle
(movih€AS hot A3Gngevar Wi ndow 52 for allowing the infrared

i mage fromthe |ens assenbly 40 to enter into the

reﬂllgerated ortion he infrared sensor device

 {eBE BPETOT 1St &Y ?fé*rerf'rsg er%?t“eaﬂt Bls? e o Ratpane! qisplay spagsn dfe-e-

LCD {iplagkirctwiraly covpledioeld infrasd esnctaligtemcaa e &.011 F0GT NEThe visible images
(repregeﬁtfl fg tﬂ?ﬁt@r&ﬁ%&?&{ JnthB p%%d(yd t@ I#e'aﬁnelra géerr?fzs an‘g Xlspzfag/ed (!Alrthe%isplay

erred nbodi nent’, rare sensor evi Cc
screer30 dprge 2p miﬂ“"é‘ﬁ% Hrﬁegfm(zﬁpfﬁéefablr inc s & MisRrecoTdig deréce 67 Gishown in
FIG. lsbnserex., F85. g1 disassa2low) A&bicarBitcoupke) tolte opmyry@tem a2 ht elsbrdmg
1mageg'§oéz§1%5]§}!' ttlé éﬁtn‘ér)é ) sttZB %}rﬁg §se'3h% Iﬁea A glp?rlgte E)eoI rg]cord dlg Eewce 32 may be

, for ex a
attachgd @ the fpmedA o it m%trscerw%réwa@é/ Wtherl'ﬁpe@torr@rg embmhrpewbnrtlsa tagying case

34 as PbOWin ¢S i ygtor &aﬁ\;ﬂé t]ThV lvfaéb rtcerdmg B&lce m@l re0 itk lﬁ@gagﬁ%% d@fal and/or

h
ana]oééﬁrfmra?%? gxa f)lg théllsj dFrmé u%e of {h?%?/g om %? Q)E{)?agpﬁ acleag(o%rgﬁeéWf rgay find a leak
vrsual(y,-aémeggje)mtl@dlsglmfegt 30yant then dodopdedetabietl andfofubd@,imad)s ofWieileakusing the

video PEBFdiREdel iBSI 208 r@ind bIRErvAdA %d@?fopgbtatnlﬂ% 2SRPRLAnSYAL em 22.
The design of the |nfrared sensor device 44 and the

%g)%‘stgr?*bg ﬁft)eng%g Qodhment q)t‘ Fery %d: atﬁgarllgf Sglzcthtgmezmzfrarrgg Camera
systeny Zﬁ&d@fﬁera@hz theTyygtern & is pcg@regpjeﬁje poery BloduridQuse of tixogitad20oy alaw the

inspedid® for nhcﬂ@sz@ﬁt'ﬁ@ﬂy 5&{§£ m%&g?nlgfotlgﬁ%rgﬂgg%ﬁ% g%véytﬁé Smn@ S may be

p°‘”e’6d$ PSS e%ﬁt@ﬁpf%frf'ty BPTR £ WRLLAHISH frompeeenegatqr o Bpma a1 digmator of a vehicle,
system 60 is capable of maintaining the tenperature
in the refrigerated portion 42 bel ow about 100 K
(i.e., less than about -173E Q More preferably, the
tenperature in the refrigerated portion 42 is
mai nt ai ned between about 75 kK-and about 85 25 K by the
refrrgeratron systen160 In the flrst enbodlnent t he

. e o
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cryocool er 60 for a given enbodi nent may vary from

that shown in FIG 2. A cold finger 62 may be used to
w@e@gioakeoa t hermal comruni cati on between the PCT/US2004/012946

refrigerated portion 42 and a regenerator cylinder 64,

as shown in FIG 2. The Stirling cycle cryocool er 60

for exWe ﬁcﬁ? ltl Mﬁbcaigss efeﬁat)l% o%%(va'gﬁ em?OXQQ%&L& cgrh lAL Qmay limit the

for exa erre
mobiljty Qfé*@d‘swfe'f *’édfs"t ﬁ'°?"1 qOW@ Ph& (PSRSEBPEFSB0 may be used to
thermally stabilize the tenperature in the
r efIGi Pies abhaditipditteiiginared 2anata sgdoe@ 2 oF FIGK] tofilistraeysampdfehe cdmponents
thereib rlﬁth% E'Fs?&lnb'oaingrﬁlrtt%q)asgﬂgﬁﬂgeécxﬁgrg ggstgrg 22 lﬁa? Bne%}( AR lleﬁ.%es 32{ %! a lens

use I n an enbodi nent I nvention is
assemp AP foRTAUFHty ERwing dicdmirge: PR CPE MRATRY 4Rfsgtmovable allow for
differgneledsassamablie e(c @ a W diff@snd fobda bhgs)ts mmﬁwlgﬁstaﬂys&rﬁﬂ@qamlzr@ System 22.

The cé Qgiténf ﬁrhﬁé %@frlpé?atédl lo#é%r? Eﬂka??‘r éxﬁ)?!l: [ﬁagmgt? al:rélrfd sensor deblcegm and an

{1 ca ter
°P“°ab'iti‘f‘ﬁ’R§§Iﬁ"?5éﬁ hThesﬂiﬂﬂs@tee\e@hoWes Prefamblydefinedrby ap mwoavf@ dp\m container
48. PcRfabR/ tﬁdiieﬁrﬁl'&&ﬂzﬁnedwwﬁl %&uat@ﬂ%xdﬂ@@ ﬁﬂobd’dfnﬁ the Qafflngeﬁfé@ 1on 42 to

provmae u%ul%t{ol t r gwakr) amer 4 %é he made gand tg'lsaaqlxt Lafﬁtqeaatpotn? gegllar wmdow 52

r ar e sor
for a“bwnaiba@&arﬁd lm&erﬁomehedqfns@sh@nblyMOrt(sqnteenbdmrqrfemmeldasmw 43a3kp infrared

sensonbcﬂﬂae 4sbehdpass rEﬁleE&xmels E(ﬁﬂ&ﬁ)) cdpREAhELdRRIMEER come into the
and ab ecause { he optica

oo G e B T P P AT 11 BRI e oo b T e dovi 4 s
focal plgfe piraydFRat) e filngiom Antdmondi2 (InSbisehdoes (€.4.raR0 x T56\irrix) to provide a high
senSIth}Ox%ﬁQ Q54080 n(a;;]é/e Bﬁg@ag)éy Ilgﬂtzfgrdbﬁamp@erTM¥ Hﬁfﬂal DGe JSE:(J t%ﬁﬁe infrared

wor ks better than if it were, not coo
sensox quxfeh% in %lfelr Frbtgplglfngﬂto 'B{-?P'lfj? IB%I'I sgfr?)tmtye{ﬁ ath?rtwaveéﬁngtbwggep 6fi-mfgred light.
The inforeé schocdisied44 inegeicsllyasupic toathasdldirnitrveapdneds) (repRéch@@generally by

block @QHQR?%? 8/‘1 cllll_rgg}rc}qe%fag 5[}(3}‘6[1&}!5&0‘3 laf M@c{ar%%ry %gtgm 2& n‘;hl%ld%s%p ogrtge infrared

preferre e optica gass
sensof devigsg g et cRITRANS LY or S BT EBBUR 2210 VRCY famgpriemgodiments of
the préshr@ invengitd. cal bandpass filter 46 in the refrigerated

portion 42 (i.e., "cold" filter configuration)
t t
pr ’Pn\élé%g {j‘l@g 9&3&3 42 Ir}s égoléd%gg ?if{z%e}éﬁ& s§s9eﬁ1 é’()a%ﬁekrgigéera%ﬁn %stem I60 used

may Vawdor@ﬁ@reefﬁﬂlmdavenﬁ aﬁtawgsgm inpvntipne (Prefggablywihe tefipration sxste@sO is capable

of matnﬁﬁnn‘g @R Sdnfpbrittute¥n 108 rean@at&ﬁﬂﬁlroﬁ4ﬁdé§tv%mut2a)0fKQF . |1€§§§ihrﬂeﬂout 173E C).
I cCa

vore pt s PURT Bl e RUEBL" ¢ BB BURE oI Lo apdshout 53
K by thiesfrigprhtion sys® 60 aly tpdirt enbpdichersythet rbfe gdratibn systerd 60 memisoa closed-cycle
Stlrl1n%%B&b&)@lex‘lfs)lllust\[m@ch‘étnﬁlcgi?tld gal2. %nggnffghllattlo% of tﬂ@srfrﬁngr%?&e

$ g filter configuration)

eryocsyer B k"ggr‘Yfﬂ ﬁfab%megté“aps V54 (R 9P PR IR A0l 167 mphe sed
providriaciierniml gin@runiCatieh btwegetht efrigerated ghrfoh b1 &n a@dgﬂfetag)_twyaﬁdeﬂﬂ) as shown in
FIG. ?nlqe gtmﬁ% C}Qe @r{;})%%o%e @(ﬁtln;)} u¥é eMun‘i 8 c?he n& l{o‘? gr((%glgr%c hlﬂ& rfoar‘r faglple Ina

absor be
Pfefefreﬁf?wgt?"% hage- ﬁa'é Strding qrwwgfp Teayde tad ttfermalli ptailige the temperature
in the refthiged porﬁdnSlQ at abdut 27 ME6rikdmiplet &rprd’p‘@ﬂaiﬁ in@du‘écﬁiainﬁﬁl systeR @2, for example,

for us% ﬁqp grﬁl%‘&i ﬁ hg $r§§3r§ r"lQ’?ﬂtlQ IISX\RI%HI mld w ﬁle%w?are%qw&) high-

ter and hem cal 1S mic
Perfm’f‘ﬁ%fﬁ C@T“aa?"a"‘é‘m flom F‘P’lg? temﬁ'ﬁt@- ip &ptiforiasyst em 22 of Fl Gs.

1 and 2, of the first enbodinent, is a passive

i n,f\i‘lﬂlﬁs&ded'salﬁ'&lﬁt&alﬁ,MSFm theldgﬁbelez)andb&sem&amg @ca‘ﬁe\dstoegran%&ncal path
betweet?é1é R ggml;lbgo a?? ?al%rgr%lcp s‘_ensgv%\%geeﬂlie%tng Fﬁerrrx%e 1{11‘?&(4&9%1%%3{ areaﬂa Xad by the
opticah E@aﬁpatSé lteri46 beferpeepching Yhs indiaied sensofvisgice 49h &hd aptitabapdpass filter 46 of the

first eh’lBJdﬁﬁeﬁﬂfas h@yﬁ)am%n@;{asm{lﬁn@p&%ngﬁ 'iUEﬁech@ﬂgé\h aGMYQb &R d hbout
3600 3@6 usél\lper ergaﬁjp b%ﬁ ﬁ Ceol %f f r% fr% 4 h
B Qe tra T gh &P oledFse loggsip g et BFiELPOriR 2y the first

show absor bance graphs for nethane (CH4) gas based on
experinental data. In each graph of FIGs. 3A-3D, the
vertical axis is absorbance (unitless) and the
horizontal axis is wavelength (gm of infrared light.
Tr ansni ssi on and absor bance are [ nversel y rel at ed.

—— e - ~rN 1 I T
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T=I/10 or %= 100(1/10), where | denotes |ight

intensity reaching the detector after passing through
wa2@anopl4eg | 0 denotes light intensity of a rePEr/Esmed/012946

beam or source beamw th no sanple present, T denotes

transm ssion (expressed as a 25 fraction), and %

embo&irgglg?}%qﬁltgrm@ Qo t?eﬁér%n f?tmfe%rsc%&lfaa@ g pho anoPﬁ e GLH RARN portion 42), and it

ance 1S a arithmec sca | NCrease
allows fpraprachi @aredimese 8%%% gam (ﬂmp%ﬁ'gimlpaémnypass fiifresprfigpgation were used. Ina
preferfi@ Ekﬁﬂoefﬁleﬁthﬁmph&m&ﬁdpaismwraﬁ 8dodlalds afeh@ranirSbe@taBéut 100 K. Cooling the

optxcar@agd})gss?ger 4? 1nLh%| rgﬁﬁgepaftedp@'g‘ %reng:t ljc:o(de .‘ﬁger bongiglﬁgtlgp)%rov%%s a greater

tempeppRizeqptEast (greptey ﬁzrnpgat@rafi ffg@t%%\fﬁg%@ }e@(lr(g(ghqrrg_t)al ang gle optlcal bandpass
filter W}ﬁcﬂxlﬂ%ks {he Bensiavity oftkakherasystedr22 fohﬁlagﬁngltflél-l@ﬁmgm&] Kooling the

optxcaHaan\P@ﬁ( ?ltee} qg etji]e{;tllvg{yn%%ceg%%%cksgi%r?%éf?ss gﬂ? rfgt\ér ég%gs percelve? P])éthe infrared
sensorsqgeeedmzafwnen thhopticd bindrassiIBr 46fisot coplehide, “wa wetwe iencorfigsém), the level

of bacf(’éro@i\d hdl@tﬁ?odﬂh@y 8 therildi itsQES lrMchplﬁgQQeretah\Q@@A cotdQ'lltErtc%nﬁguratlon) and thus
e s I ATO TSRSt 1 b S s o o8 G B g maae passes

throughntttelvamefilfer mmdadsd udlsdl in% vgm filer cobfigytatidie the tegmrétunq fliffareme between the

optlcal l')agcmags filtdNQhhd l@aﬂn E}Qﬁlicgﬁg 196%9 @mallgnﬁe{n%a%f & «dopP ﬁrfa'j or
a bsor bance bands % 72 where the absorbance of

rared h hi rders. of nagn tude

ks b BTl PLECRE GEGENGh AR AT igmera sysem
Henceatbs ceansemnt P neies/sh thedadkgoatdéehateloe thabakzradnd uby &) fo ban sficktor of
env1ro%m9+t§1 hgoht Ehd @ tOQﬁLQalﬁerac‘%ggﬂgZ %Mh%&%%f R@% hZ\?e olné‘or more absorbance

| ocat ed between about 2 and 5 about m (se
bands iy selengiyranggsy where g8 SSHowES o F?@ Bt oo o %@fﬂﬁ%hl@@w&% frample,
FIGs. A ODtshddv abSorfpmaegraghsdtragthar3 (@454) gmbaste({)ori dxparigieitalidaa.t he
first absorbance band 71 of FIG 3A in nore detai

Noltn%actl Eﬂﬁh Jf EJR}SVﬁ\F ilj %lverﬁc%ﬁzlxg le aggorbtam:@ (&ﬁl@s@ﬂanh fhe h(E lzg'r\\tal % is

sane as range
Wavels‘wm;awf é‘nfféff‘i‘]‘é,ghb ért’%é‘é‘ﬁ"’a %mbsmiba%e ﬁrmllaﬁaelyaﬁlaaé TT‘B‘S‘Q‘S%*H“ is
typicallpddfihddus the aticlort dTeig!s @aatudhea b8cddclopate epaliag throligh Hfambik @.g., 3foptical
mmra?%gnre detail. Note that the vertical scale of the

hin FIG 3Cis orders of magnitude smaller than

that of FIG 3A. There are al so other absorbance bands

10T t¥3e 74) tor néTRAP I # )t he range shown in FIG 3A

but they have orders of magnitude | ess absorbance than

t hehereflidertes Bghdin@esitp reakhimb $e ﬂhamcmebmm}@ thédugh @ @ampleOb denotes light

mtens%@ljm&@rerggbetdm Fgur%pbcég& %ﬂpgo samﬂg&ssgﬁ ’f“ §en§t&%§§§mls@of eXpressed as a

fractiofRygd e h ganpies tﬁéﬁt%@ﬁ (eé%%fﬁﬁi 292 PEgCiges)n cﬁ\b%erhaw is lopgrithpic geale that
incredsds latigdnsnditsdn déchaset:hi rd absor bance band 73 in nore

detail. The vertical scale for the graph in FIG 3D is

orders pf l%%ggi Lp)de smal l er than that of FIG 3A-3C

Hence, net as a nmuch hi gher absorbance of

infrared |ight between about 15 3.1 gm and about 3.5

prvkes/fanatpsibieepaese: Wit radidingeis pitgndieasyrsd irupits ab waysigngh (.., microns
or nanbpters) AIKS,, inféafedirdtliafict i€ me@HR dastiySin @M calRd aslafninders tch-1):

detect infrared |ight between about 3-5 m for

exanpl e, hjgh, sgn Lwhty for imaging

nmet hane %é@&ggﬂagﬁbu?g/% Egﬁ%’é\.]r/llbabout 3.5 m The

absor bance of nethane at the second absor bance band

72Whessdds ppvelengtiny napgpetese Edsrapey (b s Slopesc canstapidp-$26pyy1 044 ) and ¢
is the ispebd @nigd (0BBB &3 yisdnaMmh2 Ravadaptreda gt €t BQirectinprogordal to its

hat range (e.g., about 7-8 gm. 20 In a
mekhgpéggg%m'nbodlnent of the present invention adapted
to visually detect a certain chem cal (and perhaps
ot her chem cals as well) |eaking froma conponent, the

opti cal bandpass filter 46 is located in the
refrigerated portion 42 of the infrared canera system
22 and the optical bandpass filter 46 has a pass band
that is -8-
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at least partially located in an absorption band for
the chem cal. For exanple, in the first enbodi nent,
wo bws/oepbd cal bandpass filter 46 has a pass bapdi/B882004/012946
| ocat ed between 3200 nm and 3550, as illustrated by
the 25 transm ssion curve for the filter 46 in FIG 4.

The . fir nbdment a owsall

i etove BF S e e i ot e . Noe
that fop\getiting e sBdwalgurabsorbedch bands MaR whert the ssordiysosfitfiawd light is much
h'gherk@@m Oﬂ‘laén'ﬁﬁ& hﬁéhé?ﬁhan a?’cﬁhe?‘ﬁ’b?ac?h@va\le@r‘?g% ed ﬁR?&b‘é@@a‘ﬂce%QMl s located

nm and about nm The optical bandpass fi
oG | W ISPt S BHBORT hETrd HASCE ot T2 (R BV st 12 m and
about $iqyrh (B IGHA). BE. ¥ showednoerige &dvadelanpths @tweardbeut 3 Wape hrelnbduh3.45 pm
to lllusgréte ﬁﬁt: ﬁ@%%baﬁé%&d@%f Iﬁ@d}A‘fJ‘n Rgrgléet;llr %&@ﬂatstﬁé \Qeglcgl(éca% for the graph in

hown I n transm SSion curve
FIG. 3#|'r5~he S&me ﬂsrﬁ*@t ef;ﬁl? é§| F‘&ai‘f"dﬁaw rprgp plgyavel@sths bepyren #biovts?@ um and about
8.2 pnerbindiar@Rtsecosi absogtafg lbnd 7D 833 Sn P@ES 8dtalle Nbic kHaethe Jeaikaredle of the

graph 9\@'](? 38 lrgaorrée?s ’&g fﬁthEI)de SR, tﬁaﬂ}jh%t of \‘-‘ﬂi ?R J{herecéye 255 ot her)étésorbanc%bands

erred ban
(73,7 &rfnetf%wée rerrgaﬁlmvtl aﬁlgt%@t Watf@r@tftoémpmudre#wbsorbance than the

first andREGAd BGetandeBandd TIC72. iFOr SNENBlo) SihEEYbsorbadEe baRKB h&vn .m@em at
about 9? ! I C o en?? rg\gsﬁagr?ﬁgg gtl %aﬁgl%étg% beegvxte\?\rﬁlez{bﬂlﬁ gg? ?IIF gr%r!ih?ut %SV pém to 1l?ustrate
the thits‘ah&ﬁémncel pnfl ¢ immtoreglataih eBhe vetiichFseglehnrt thaygapb i G 3D namders of magnitude

smalleflih{rf 18k @frliIG G @ Hehde] radiafichal aﬁm&h hlgl‘melr' Ltlsor\’)\ﬁngé S irkareld ﬁéhf beRren about
center wavel nsm ssiQ

5o W 41 o R o B e Ry OB B Sgmers e
22 adapteq todetert mfrered l&ghi tetwieencirpun 8rirem oforse xamepra. v dlda verhéghsensitivity for imaging
methaﬁ%@%&' aB&ht 5.9 prﬁ Iarﬁ abé‘ut 3 5 btﬁ mtabsgf%hncpm&%t Ih!e Letcﬁlﬁ aé@b&t:e band

irst enbaod |lows a transmttance greate
72 et (o B VB B P HET SR D HER A BB SsgnTared lgh
at thatmampea(ng., @oo(t8 un3400 nm t o pass t heret hrough. Anot her
optical bandpass filter (curve not shown) may be used

i Mn @-br@f@lrr&@;nbyﬁnent $Mihe p%Weﬁlon tacﬁet%d t@lvlspa\ﬂ’? de@ect a certain chemical (and
transm ttance Igreater t han about 5% for infrare Cll

perhaqs iotﬁﬂtcheﬂ%cta{ﬁé%ﬁel B@mg f@g@@orﬁm)p%nh &e gwtge}tbandgasv\@ter 46 is located in the
refrigeP B0 pArOG1200thPErAISANEN4 Y3k 92 fd tH3 3P allblitpdsO fikASGhas a pass band that is
at leasI ]ﬂﬁfa@ lbcraghl gﬂm aé!é’QHpEJI& bgqﬁ%orgl{eqyémqgl ? P%’]Ln%}tle %rtheeﬁ?f‘& %rggodlmentythe

sane results as
°pt‘°amﬁf? fiiesn 6 hasp pass tgng 80 lecalgd behtpeB0hure ﬁ‘dﬁémasrlil‘m”éqfi@y the
transmBGIOOC UM iR \lte1Y 6 AISG.r4p trhOfitst Bastd BnehiQf adSd¥Bo GOAMDIRtect methane, for

exampgzlgé?wglbas ‘Btﬂé?”?] cal E) Aw%gcbu%sgc? ab(azel%ggﬁ%t Paggrs‘ a%S()r%IIOP Ean? Ei‘ln(e see FIGs.

3A an¢} R locged lteh‘@e“ @0%5% nparderbe 3§08 pmt he f| I ter 46 of the
first enbodi mrent has been overlaid with the absorption
bam\EiSptiZal banBhss 8Ar; 46D2the frdt. emb(EHuEe‘nﬁaas Stull Rkteat hdtBhax@tum (HW) 82 of

about Eﬁéﬁ iy, a @en{ ! wi(l)vfeleltlgnle%}%?sbort and a Pﬁ:’ik Ergries OP ox*S%rogibout 91.16%, as

yandpass (o]o at ed” Wi
showngihganprpission qurseaid1G7 2. Theroptiepktbaziness filEns afthe f' isf entiafliment is a single

bandp&@ﬁdsﬁ@'ﬁltm&d@@&ﬁa cfuhrlzt(ﬁb2)4»@)sirdﬂe tvma] if bR hel %F@?&’IQH rEﬁl;l{efer'red bandpass
sensitivity to i frare ght bei n

rer R P RO AT BRIt MR P00 Bl O s, o
exampB5 @thenapti¢ad ppdpafs|iiiers &f)otheinbodimensingey hdvatliffelag rp@sigsiramdes with
dxffereﬁﬁbais%ﬁn& *alff%re%hdp&a&lffé?@r@ H#E}é\%% Jnh h&f@rém éﬁra@t'eés‘acsl% gVﬂun‘g@@m% half

% SenSItIVItg i nf rare bei n
maxmb‘g}‘ Sty gsth ‘bP%ﬁ’b é[ﬂlém'e%‘ﬁ')“ etfdt alrfée egpany léfﬁramn@sealﬁedpass
filters @@ able@tnue@erodhabiifacB200 Rafirinand 1@ b orbid opB&@&nmﬁ%s(ﬁ&&a6 of the first
embocF rlleﬁ allg‘l's a é'n!rﬁl%&hg B &XEQ?&% Hgg/nttor IW dqght%gt agout 936 nm and about
c em ca i onpo ?

certaln
3400 i P EatEN, Bty onsieal éﬂnﬁ@sslf%té‘f(wwea'ﬁfdhwb B & Ul i ltemaive, fo
examplSth@ Q1AW Y transm@danc Ere@ér@iap adhit 469 &driiEaled lighfBetwedn atolt®3 HA%Eand about
for the first enbodi ment of the present invention.
Thus, the infrared canmera system 22 of the first
enbodi ment is adapted to provide a visible inmge
representing an infrared i mage of nethane, ethane,
pr opane, 15 butane, and/or hexane enanatlng fron1a

1. . o NN NN NSO\ N
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chem cal s: propylene (96) and ethylene (98), for
exanple. In FIG 6 (as in FIG 5), the pass band 80
wo ooosobioo filter 46 of the first enbodi mnent haBChESW04/012946
overlaid with the absorption bands of propylene (96)
and ethylene (98) located betvveen 3000 rim and 3600
33901{rﬂtgbas§ t'HerE i)rgh ﬁ“e/hl%ﬂlg{i pFoUr@é si L gsg@glﬂfa{t salgg re%?as%ﬁﬁtcr of the first
emboctlrbeeat ed vvlthl n the absor pt| on bands 96, 98 shown for
propyl ene and ethyl ene. Thus, the infrared canera
S\FIG.Sri aﬂapbbettvhe 30(]0rn81tanc936b@)(d11 shewing atsorptiod Gardel@piotd cdndnon alkane
DE.0
chemils0 ki @%yttﬁr () 5@@;@%@@@9} bA9eBR: o 4)%regt,§p% In FIG. 5, the

ene enman a
pass beng A BREM filter ﬁJ @hefirst gmbedigens s PHraOEA S0 B0 AP EAAHE00 85, 90, 92
94. InMPIG. ShﬁWltlﬁtgat &das PArpdfitie Pasb Bundl 80 thihie HAIAELaGAYAR BiRer 48EsQdTREA Within the

first ab%ﬁﬁt!%r %ﬁfi 91 fof mxtXelnF NEhe (Jgeo g{héoﬁtglal?@rﬁ&sg 11[%[2 in ﬁln grsg%n%ograent provrdes

@ high ggpsitiyigy g lpfaageéi ltsbrrlverme@sqrw by Rghan¢ befveeen apgutGRO0miTERnd phogit3500 nm (see
FIG. 5§ rmaﬂrdﬂamt th aas RAEso MBI byaicdl bamtifaks tlikhers RS b akies @ RighARstSity to

mfrareﬁ h%h?P & HESé){q)e(g %bﬁ%ﬁwcﬁ%@% rg%ﬂ} g%%)r& (%ﬁ,} anc? %Qé? @‘4) lgftwéeﬁ%etbgut 3200 nm
and abpii 35004 (sep B ). péthquglpdn etnheinpeasrsayb)amép@@ofdmct & fpgain chemical leaking
from 2QBhpIaeHk, t@@ﬂﬁm@ﬁﬁ nfa& ngcﬁfe uéeﬁll bl A{ﬁ@@&f@@teéﬁhé béenortgn)ﬁp of chemicals, as is

ands shown

e cog B T H&T“ﬂ’ﬁ@meﬂtﬂﬁ P B BB gkt h SR 35 g s
embodirht if pdapted te mvoidd armsnltle megeabps«sennm prtfecd tnrmgmfmwrrdre @hane, propane,
butanevimg/loplleﬁanle E@Qx@tm@ %ﬁl%‘%@ﬂ%héﬁg an infrared image of

o- Xyl ene, toluene /'or benzene 30 emanating froma

c anent n ot her enbodi ments adapted to visually

GaT8 Bt T iphprhufta SGRemRLio CHaHEE PGP G E e Bhjan Effemon alken
chemigasn gropiens (PEand tthigene (183 fiar ©ainplh.aviFI(g 6 &3 irefS OT)phe pas3 bl@rsd for the
filter mar,t AR DG iRt rteaeren B\Qﬁ%d o tm%sofra Iﬁtan@s%a%@tanegaﬁﬁmhylme

or methane), the optical ass ¥
PNE NN A R NI ERAAL AN
bandp{sbfilter #0it locdtddithia thetabspiptidntands a& 98 braﬂrdfof)]ﬁroﬁytbﬁe eﬁrﬂ%ﬂhﬁlate Thus, the

infrartjgg%ags ée"L 2|otfﬁtr §gge\4rg)§cgrrr11%t %Egé %% ot%éi?(\)/ % @egatvhsml ﬁrage fepresenting an

i"ﬁareéﬁvqgeaﬁprqyalﬁwa@e cthyleqesmangtinefiymactaprogentt o al | ow a

transm ttance greater than about 80% of infrared

| 1 Ry6t7 iDedraph @arweda 000 ndi3663600 fith sHGHing BXRbkptich SShls fok Konte @ommon
aromagcacsf%m'gzgs o?c&'glﬁeg(lrll g(%}t;[leﬁee(l iﬁgdn l%gzgge ?64é|tf(2r%xe}nﬁ>% Cﬁ{; 7 G(as in FIGs. 5
and 6)pig meéﬁnda?@wtthe%@m Afhefre eab@wrtemswaerrqvmaut With theepbsorption bands of

o- xyleb@(mﬂ)) @Sluchdr@ 0D pindl Baakenba M PR&ES bfet'vdeéne.sbomdnﬂ 8608 nE M 86, 7, note that at

ot G B8 BB O RS S804 B i o, 2
104 shoye fopprenvteat and athelpras Shuk, |tllxetle’rareb edmeep sk stoad2ed the Etsywdpdiment is also

adapte@l@(fbrl&vrdg 10QibleiifAgA Rbre B in AR iRRGe of £181HB S uenD 3Rbr bQLene
tical bandpass filter being |ocated between
ema“aa%f(ﬂ”ﬂ’fffﬁ‘ﬁ""re? 'm and about 3500 nm the pass band for
the optical bandpass filter being | ocated between
aboother 3BDWinpeintyrdanidd @iyourdly 8500 nmathanet daelegkasgnabeanfcbmod cotmbaent
(and/o@R)He Cfbr chéﬁﬁ{mlﬂi@§§ arl db!:otrﬁr()n ﬁﬁd’&»@r@hpﬁng (Hln&ar W e ﬁ;sto JBQJI’JUOH band 71

. r‘% ‘312%111 % ?e] is | ess than about
or mef1ge) 5‘5598“% pags ffer eaydﬁrﬁ aeérfawaﬁaﬁéegraftrrrstlermﬂlad\ngﬁ@t not
limiteditof: uhel pasaibattdiof tht ortiad] bandimuxsl fiter i tingavsmer twa e gth toaadd betSveen about 3375

nm anh %& 3%&36}{&1 ﬁ@ngal%%Fﬂ%lter t% h‘u? a&@é@to Qm ﬁattir#r&%ce )ﬁp a eptﬁin about

pass [ter w dt h at

80% Otf P&?r%drﬁgtttb&%e* P65 Saeiksbon: FagA " saeRtherguoeR: r¥ie Pesa gand of the

opticaPt@aBdpadd &ildl havingtaldented Pheladth Ibard pasen hiolit3840 dhdank algmra34ﬁ<ulnt the pass
band th%%lrc%%anq?ass ﬁl%ﬁavmngggeéeaﬁas\’/e entg&%nt eéen gttbq[u?’:ISg r?rgg E"é‘iﬂ% nm; the
filter having a full width at half maxi num
transmttance that is |l ess than about 80 nm the
opti cal bandpass filter beingeadapted to allow a
transmttance 10 greater than about 70% at the center

o o o - ' g, S
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having a center wavel ength | ocated partially outside
of the absorbance band for the chem cal; and
wa@eoubiombd ons thereof, for exanple. |In other PCT/US2004/012946
enbodi nents, the optical. bandpass filter 46 may
conprise two or nore optical filters (e.g., in 15

pass bzﬁ)g ?(%r ﬁ% ))Eft!cﬁ %Q}tdg fil{ér l‘):ell?lg loc%efdr tl@t%/gerni ed @g%%‘%&ﬂ‘ﬁéé&g AB; the pass
band f%f it§gptésal bangngtp @Sbﬁmxé@ﬁtv@befwebrt abput 3700 nmexdatpit 8500amf ihe Sis band for

the optib@ItblaﬁEi@iss filkek betig 14chved be&h&@ﬂ’%))ut @iOOER%nooa%dt §&o nmatﬂgpﬁsso%nd of the optical
pass | ter char aCt eri st

sancps o't N A e BB i st SepR00 i s b
of the ices bandnassdilterherdug, fulhmidthat half @aoman aptsmmaice thatlid 165 tham&but 400 nm;
the pas® B&Wth&fptl@ar&ncﬁy% it lha\}ﬂ%ra%nlaﬁi&h Et hLlK" r%f)il mun ¢ n%{mlﬁ%ce thg is less than

ab t408 pass g characteristic

ou &H’t qpégsg a'tdf? We %lﬁ'ﬂ ané@@fd‘“ﬁrrha’l”bg ﬁé%gldfhﬁélﬁgmﬁl@mgrvansmmance
that is lahyithah altooig) €@ tresthepa band ©f tinopeital Radga @ilpasengaaitwid@Qt half maximum
transmltt%@th@tqs lpﬁth@@%ut%p QMtthezoi)Qch{ %\H/‘aéﬁs@ glte% Q%ag??ted t%ia”o?' a 8&{5,81“2‘“%

nbodi nent of rese
greater\}t?ag Ellé)f]q 79%@%({1%@flteraqu@g1gthotpe @War@fforahewp@‘gl bagdppss @ttey hofing a center
wavelegfilelutateel lwithiQ Gk aRVBR0E Bhebr gagesiciiey @lsbaiifor tmerbgllddphaﬁlﬁbass filter

havmg(a?%ﬁ%é ﬁgleletéul{%%ggp rﬁ)gll mﬂé’ c‘% o ﬁna bg(%ga’ncem?rb pyrl Eei.,]cg¢mlcal anc? combinations
thereo f&‘é‘?‘?ﬂ’%ﬁe al cohol ; et hanol met hanol xyl ene;
benzene; fornmal dehyde; 1,2 butadiene; 1,3 butadiene;

b it it griv@dimaneL the BRical gﬂﬂ@issl MR 46GMag S&ﬂprler@J) or leﬁ‘é Jp@!:a?ﬁ'lm-s (e.g., in
series) foca on o1 ed B2 rov1 S vorat||
)%5 tc%% %Q%Bﬁpou n §ti Q?gf 1 ci e1 (!Tfl'lpy H th%sﬁgla ﬁlactloa Fsu)aeésmgle

organi ¢ co nor I c C
bandpagy Hassnvbﬁl&gu}iq gxamglp cfisst pyitical ﬁ&per p]omﬂgmt) sf thegpticat pndipasy dilterdn Sray have

a high ﬁakkﬂﬂt@%arad‘tdﬁnﬁhc&é(ﬂﬁwuﬁrareE ll Wgeﬁer theh dobit @ﬁiorni%tt@pﬁsotﬁgethrough and a

second%étlcmlter (nqn? bnow15:)p (1 he 8%“%% Eﬁ% sﬁlﬂo nl%ﬂg? E%zﬁ§ lo?yé)aﬁsﬂ %{tngéh%terlstlc to

allow 1qﬁ=@re|d dight tessidhan gbouf 3660mratopesypenbrughushicigogmergndyald amErttive pass band
locatedibBi@edABREN00 A MRINkdH, and sone exanpl e pass bands
(anmong many) for the optical bandpass filter 46 that
e used_ in an enbodi ment of the present invention.
B R b GG EE T afereh N S wcc A o vide
variety g Egherpioadss(orf viporated gBesitigrefrome imaltidingza(but yotli@pedase hjdeetaldyn; Methane;

ethane; rp%ir@%ﬁh@ﬁex%&tﬁy@n@ Bl‘a léng SACC%H)JAE QK }Q;Pgtﬁanglh %gtﬁﬁgr Sylen%él‘)enzene;

ative t. sor anso he chem ¢
f°”“a‘c{ Eyd\%érzlb aéeﬂ‘éivdﬁ F?Fog’éadaf'e BN sasSing idiepe fuplppetrpleurgir t |
petrocheihivalg peglzlim p)asrsdtbawdatlfeafgaaﬂ cod{pbing %lah&ﬂndr@&ﬁcscoﬁlbélﬁl@ rcrude onl
producﬁé\/I cHde 1Vlf§/|-p9(§iutsy arniewrﬁbm 9%6%9{ Fo &Em&y rF\fg §h9 H]Iustr(ate soﬂ]e example

| -curve sha e rectangu
oy 29%%@{9?%6“&%é(ﬁéomesexa%céwc%wne DA A b dsicced whil esking
from a pdnipoightrugibg ﬂlﬂ:mbétﬁmdnhﬁ"ftl&(ﬁe)sba{ m\Qtﬁk&)‘ﬁ AR@ehe @)@ﬁgletp&@ bz?n@% (%ﬁﬁ&ng many)
| or bandpass | er

for the %l@?ﬁ%}%&e ntgroﬁ%a}/lg%y be used H1 aa\r} ggbé)%lmentfo?tg %esarg "\)’gﬂi’]("ét y of

sha Sﬁﬁ“ try, asymTetr he| ght, slope, skew,

£ |l e §45s bpag B0 et aptisn] bapdrate Titer 4 s mihermitionlly reptesenied by a
rectangflhrBox B sﬁiﬂdt&&p;ﬁ@mteﬂ%ﬁﬁdﬁt rbl@tve Qﬁﬁk@%so?plmn B38ds 0Pfe cRRical® s is well

known %Qf‘l 6£ Qf%rcﬁrﬁfvssk@ réﬁen %'P th{: ﬁc?un? pnéigsg\ar}ﬁig?{ gn %mai?r g?ng?aﬁsefmtab\wl éyalcally have

some sq5i04 ey e Bape (offteres belj-Gurss shapeXyethay fhen sirigontiangshat. The rdcooAtediape is
merely \AE4 QQQW&G&m&QatBQE/s HngMaQ%%ﬁld t@%&%@%srﬁ@ﬁ&tc?g%qg an optical

b o SRt B 200 Bt el eseaiisnspcamegs, igh
slope, Skq\‘oﬁaﬂ“sdﬂlmhabwrrm paak trardissid@Gec.)98 for the sane
al kenes fromFIG 6 from3000 rimto 3600 rim In

Fﬂ'l@, 8 SowdsbRe 109 84ds B 0gsf & o bwﬁorgpé %rgégﬁlke g&l}ggﬁqé 5 from 3000 nm

embod
o 3600 G mﬁa‘ﬁﬂ%*oafsfdhﬁop%ﬁnqu i #1074 sgepnd emppciment g docated
hal f maxi mum | ess than about 250 rim for exanple. 5
FIG 10 shows some absorption bands 100, 102, 104 for
the same aromatics fromFIGq;7 from 3000 rimto 3600
rim In FIG 10 t he pass band 80 for the optlcal

o r " 1 A~ o Y Y T Y |
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FIG 11 shows the first absorption band 71 for nethane
(see e.g., FIG 3A). In FIG 11, the pass band 80 for
wo bmsopi4dzal bandpass filter 46 of a fifth enbpdi/DEw04/012946
is |located between about 3200 rim and about 3350 rim
10 with a full width at half maxi nrum |l ess than about

betwékb Bbont 3090 rfn0dnd eboatEabEnm WeNCel wiiiiat }falffﬂaﬂmmhmmut {09 nm, for

«a hbs o t th k
e m?ig aﬂbe& hB»Q an' %@(Lrptép% dﬁ% 98% V%eaé?rﬁe all%@eé g'ﬂla 'i-[ggg &"}Bgf’%?ﬂm to 3600
nm. lﬂé’llfa 97th paps@landrﬁétqu gﬁ@pt(cglé)endeasgﬁlter 49 a2 thgAymbollimefliGpcak@ petween

aboutt3D&D 11&%8 atoai3d 168{h \ﬁflﬂfa thin@iampt Haﬁ“ﬁiamﬁfim #RABA abdut 158 b qumple

FIG, "Po ﬁ!)w stme a%s/)élglgh PRAL, \Rnb Slﬂi g&?rt the s\%ﬁ%a[rwtfe{r%gfs %UF%G ﬁgf%ghqug nm to 3600
nm. l“&(’s 19,1t pass hind §@ fOQ(D@Omleanﬁmss fradof afourilvmbodirhdneis ®icatddhbetween
aboutS0ENG#EH B MMoutl 338 INSWitHAdAPY 88 af Hir WhShah leyS tﬁaﬁtaﬁ)% 350%h hr‘&n&ample

Ieaks 15 emanating froma corrponent 3 shows an

gl%r Plt sllrhoo“ge rt]}p abgsgrpt%g\% P}ﬁ[g‘r met 3pe %?% ge %&Gb %E\ﬁs glgg glo g}% pass band
80 fo‘btmt‘%baf’@ﬂﬂsstﬁh@ 46 pﬁa fdth Iembdn@ptaslecafeﬁ bé¢teden 49utdR0@nm and about 3350 nm
with SN @fathhi lﬁm%ﬂﬁnéss t'hﬁl ah&x@ @.40%91 Qﬁéx%ﬁ@ l-?epﬁutfl? ﬁi%lzegl%od’xﬂnm is adapted

to v1s]1anl§ detetchrg?%hag%l(s%ls ergadbtmfgl ﬂxin a]c%?poxée%tam é2 shpghte%seconfl hléorptlon band 72
for meseapetatets.ge RSO AANBNFIGE 2, thelpest teoh f0dor\ieSpiatal tindp ek G 46 of a 51xth
emboinkhf s@ﬁ@te& l?e@vlfe%n &Uﬁﬁ&io'nﬂ&n%{bgg‘ﬁog%%rmtﬂ@? 1w111tE !clt%alf \Mg')umlHn less than

b 3@0 anot her _absor pti on for e

abou N, SR PP b T diF SHHGHLOATO0 59 iR Giodeteds 5RO leaks

emangtingfrorh mcdnip@entl4, the pass band 80 for the optical
bandpass filter 46 of an eighth enbodinent is | ocated

beﬁ%@@hov@*ﬁﬁ’&ﬂsorﬂr&%%&d r9h s @ﬂ%n@p)s?altl bg'tgg %Oaboru me%lrllm anr%about 3500 nm.

1 ({ % al f maxi mum’ ess
nFlg.g “@)Péﬁsrﬁ?“@ % fmrﬁa%ptlatl FredRepsiet S @ﬁqowpmﬁbodmnm bpented between about

3200 arol arpitabeht 3500 wh SitRh fuyl welkt zﬁﬁatlf rﬁ%&hﬁh&é’%@thﬁrﬁ@&ﬁ 3@)Imnﬁ,fr bﬁg le. Hence,

e seven 0 Visu eRect eI 1 on B
t E%ﬁ%gom{mggﬁ%dcta? egl A Eﬁlenebleag e"@‘f’g‘@g {’?"h? %?m?‘"% F{G 14
Sh°wssﬂeebff atzsmfi*qﬂﬁﬁndl 146 for @ylems whichis lqgaigkbetyamab®01 G007 nrh irg about 11500

nm. 10PIG. CAkhe bﬂﬂﬁmdl&ﬁfof thé Jpﬁé'al ¥hdpads fifterb Bt en@mgﬁ“om&t id l§cated between
rrm

het and about 3600
sbou ST B TS Sl e o e €5 oo omapossample
Thus, thie gighth eypbodisngntpy adso adapletoerisually detqsi aityleneladkoeanmtb fribs a component.
adapted to visually detect propyl ene | eaks enmanati ng

f ram 3 seIROLMREHtion Bdn96 fol o@'nﬁ’é’\@ca@@ BdrAEh 2 RBSERA] aﬁﬁ abotpt 3600

8 for ene cat ed between

nm. ’Eg@%bslg‘ ass b anp gQDtg%ﬂne op&l_?é%épﬁs If.}lter rl?]ofrgln@_th C‘/f‘@odupﬂléls ﬁp&gtgd between
about B2 gmgud @b@rt 3¢09@moyith ja Gl widsmm dip fus axirfuin] it thadl Somf40@nrh emtekhmple
He d?ﬂfbﬂﬁlth BRbYdinlest i £ g8lviaQ m
. :; nom %)OO(% g wgﬁjd Ill)hﬁ&&?)ﬁ)ﬁy]&p %ﬁ& egwgn%{?n% fF&n c?m%onent FIG.

‘{“hﬁ SHBEAPILHBF A M ‘Frd’f”py ek aAhds locptsd, betwaepgboptd HQOH nm and about
11500ewrh doFIyelét the sasatlasdBoddtalptopiitalt bandpiss file ho/ofd @h@Gibodiment is located
betwebll szW Il @B@nlk %iﬁﬁou?ﬁﬁm \9191 ff’gp\?qd@ at h%g onen ess tlll:anlegogélz)g gm for

an absorption b I ene
exampiee efie GHb erbodSY '%alw%fﬁted Rbytsealy desasmowiem leakpenfaha@ing from a
compchgnt. t he pass band 80 for the optical bandpass filter
46 of an el eventh enbodinment is |ocated 35 between

a tﬁ@t 17 %ﬂo@g al z{bggr&iraﬁj bﬁ H)tf%rel %%gtiéann’llo\{:\gtéﬂf:%vreen ea&%%ﬂ Og nm ar?d about

maxi num |
3300 fi%r{& EIG. { Ty ibe eee%ﬁ%(}foehmmahewmass §ltes dapftap dleenth winbndaiehtyis located

betwechaib@€ §150 pi3 arbi.hbad BE)U am waak gl mhdlﬂﬁhxfﬂugms@than about 150 nm, for

f

exam i) PRI e DO rob B 0 VG B Lkt ey rom
°°mp06e“ N that wnwéqrwe@dmmdm sStR@AOthe pams tamﬂbfalbelmentﬁ 4R 6bdmieAl may be
located BHfweeX @R 3800 nthSan@4HLtREI0 iAol &hh QR 4

particular -112 WO 2005/ 001409 s s Bo Dt ofpartcutr

interest to detect |eaks of a certain chemcal (or set

of chemicals), it is preferred to have the pass band

80 overlaying the absorptiofizband where the area

under the absorption band is higher to provide better

I T
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sensitivity. The width of the pass band 80 may or may
not be critical for a given chem cal, depending
wo 200900109 upon t he characteristic shape of thaPCT/US2004/012946

chem cal 's absorption band (e.g., width along

wavel ength axi's, hei'ght along 5 absorption axis).

FIG 18 shows another absorption band 112 for 1,3
interestyiq deied 'eakeof 2 iffaKhqmica (Grsat b ehemistineiei Prafstest to bryethe pas baahtp
overlay@ilg €hd tabsd P AEHbaitWhetelthefate@unddifine abibﬁ)tn&ﬁ&ﬁd Bﬂl@ﬁjer &erd‘vﬂé bettt@ﬁletectlon

sensm\;ﬂgt +h% QJ ijtlgoa}rhv\ggﬁﬁ% 3{’1 %n yrgo(sgﬁgy r(lr)?rtr%)e acrr]l dc\:N? tt())r aﬁlvei é'l?ﬁ‘b“a end{nﬁ largely
upon thy clfatfr-qenw gheirs o thatishdnficalipabhamiiny band (g, iskh wive traveleBgh #xip height along

absorptfoabxi@xanpl e. Thus, the twel fth enbodi nent is al so
adapt ed to vi sual |y detect 1 3 but adi ene | eaks

egl% SH;]\% an(i er ab(g tlotn%a(lgngﬁ?i;r e d} bum%r% vtvllucah is ltoc ed %g\%%n ?%299000 nm
and aboyf 129%1m dmwElGr bét the peshizppdi801farahe opticakhawripkre ﬁltee ﬁmfdlt‘nféﬁtitembodlmem is

located(b&QEenSiStﬁV\ﬂ)))O nth Endﬂi&)ﬁt Q@Od}fnﬁfllﬂ*nrarf@dthi@ aNAM @rakilBm RS BanRBIA] 50 nm,
closer to the

b9 r es eak 1 14 of
or vl B Bt s £ 5% et o FslE 1 Bl i oraene
from a praponenty GJOfe(t)‘rat tebabshandfOXBFIG LB noecetSRGIN thadwatsadakoigt visen
absorplﬁﬁ B lil-ZOQQQmmEn em%@p@yttsholv%)'sgglapm préfé?'reE lo(ﬁ’avelfl% é)asts Bﬁxd 80 centered

bandpass filter
atorcl sﬁﬁt?{l’égﬁfﬁpe@hﬁ&ﬂf%mm ﬁ%%i‘"glfzocat ed between about
10500 nm and about 10600 nmwi th a full width at half
Bl PR W sexg gbspriptiam barsiduié fo @Qurtenafldonine @R@ Mqohted befrersabout @00 nm

and abduP 156ERN A Fl@ianSo gxla Bﬁpﬁamﬁ @) @Q%%ﬁgl tIadepé@s ﬁfgé?lélé I anﬁrtte%&L embodiment
ool PGP DO & BB IBUE VGV S A gt mp fss han st 109

nm, forgkapler Tha/ thed|ineqptiembodimalt is §depteitd sisuayndtearSES lehiareirhnalingtf@m a
comportente SEIRY hd QBB ol Usgc?m s@itthit eg ox'@déga‘lcaq Equg%\gntg oellss%l;“ssmns are

I nvention nmay be used to vis
harmfublp iR SR ARINPT O1FT &1 B EPPadensnt ok e Pfﬁ?@mvemwbma)e@ea}ﬁﬁs|t<ev15u21ty detect SF6
leaks efrdri@ing Zdmeheaical auipdert tfeekrdntpleenbodi ment of t he present
invention. In the fourt eent h enbodi nent, the

r @IfGr ba(gs%g@st fﬂﬁgo 1&% (fot ER:? 1me¥1t@or egﬁtgeafgﬁﬁ%g\thsé{n%&? ment, the

to retaln
refrlgerﬁfwé F¥ter. 60 phige 1nfraeﬂ “ﬁmﬁP f%rg iR A | oS e Std Bz
therein W Hehiqiith Eltrb@f\ hdsgemal ﬁ)d\ﬂﬂ&ﬁdtlb@\ﬂ\tﬂge rEiﬂngzQ@ﬂ po\ttlble42 t8 Edobth€#lfrared
sensor ?e%gé %4 agg ?R‘I ée? ganﬁpassé‘gter {%%clat]g A uerr ee it F ﬁséﬁ%egrgg emboﬁn@ne%‘t a currently
preferred infraged canyera syvtent @R rivle inBlf kahpreiory Cames by Indigt Syster(,Am) ofiGlifornia,

partlcutaﬂﬁw}leﬂ ﬁbdé—p@ﬁ@[eﬁﬁs@ﬁdﬁvn@@ﬂ@r ﬁ)) bidhe U Q0batdts 86 Md disPlay scREn 30 may be

the same ﬁ% \NF] ?oruﬁelse%f\ g.n 83%55(%1%32&@ P %aévglzfl}lrsé g}{‘%"é%r té}%lk()]l §n%o provide for better
viewing|pfahs|displaxssreei? iBObrightyentienmdnh e sts@dehoad ot vier thaylbe p@eidd¢dharound the

dxsplay%MQO n’lPomaxa(nEl'e (t?he fg\%enﬁlsenﬁom%enpgho&'ﬂﬁ Ffd bShas & "?1@ chi RS 10cated

% Gr}. }g de for better view nﬁ
proximgff {0 e 157°s03p & arighly fednaghs G S8 O ABNFRS At RUrep s inspector
may plmo‘@l facoup ty pragainsihg/edpreof e sivowd @ckh@idolerealvitolr@entalii @pﬂrcﬁfythe display
XA nt

screen z(p{r)lg\ﬁl[bl“ﬁ&' ins &Eoi B asf)egcreénhﬁth thg ldgrkei%gﬁl&ggs%gt? Ja alec!;g

pr. oxXi mgte tq the screen 30 for partially shielding the

s OF EBYIStof BRPUaITH wARtiop meyHhe useE)EPr‘PﬁﬁEft ¥ &f 2 wide Yarigp efcemponents
having 80 cireajcalibiavb@nibilsy offigerest thfreiy, Onctuding (pad ndsiimite N &): adg& e(lfombﬂaﬁor an

. met

engme%%l@f‘gc&n%énglplé glﬁlg (E)J\Eh grlléé rr/oquTﬁtﬂ |Cnoérllegt2%’ OEJS? ﬂarle an e)fhﬁust outlet,
a machg’wéaﬁ AR PRV oH el pridepraiinagiones fersefr for %mm@ cBompgxample uses of
embodi@feinoek tiepdsenbihvdnfid@ van BsRitivddAd@nt i on may be used to

i nspect any of a wide variety of conponents having

the chemi cal (or chem cals) of interest therein,

including (but not limted to): a pipe, a conpressor,

an engine, a valve, a container, a tank, a switch, a

reservoir, a fitting, a connector, a hose, a flare, an

exhaust out | et, 35 a machine,_ a vent for a bl ow of f

vaI ve, and conbl nati ons ther?of for exan‘pl e. Sorre

o o S Y T L o a1 e
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WD 2005/ 001409 PCT/ US2004/ 012946 An enbodi nent of the
present invention nmay be used to visually detect the
we@rapooabd on (i.e., funmes) of petrol eum producPGI/US2004/012946
| eaki ng froma conmponent, such as a val ve or pipe
fitting. An advantage of an enbodinent of the present
If Pévﬂeﬁnép % élgtf{]?\/te }heflpg éent 1n§%e (%nlf']ngag?aalggq tggl;su% é(lie? tt{x e?/%f{)éragigl'(gé.,'ﬁlmes) of
petrol¢umgpaiedtOrakiva frome ceralohept, smipastalyalvd @ aige fittiosuiAmgdiaytagetpéan embodiment

of the We&hthlln@ndomgpr(orr mPh&R @ﬂiefeaﬂg fhe (el gnfﬂ[nﬁg ;?agk 1'01“?&9 e;.alffer dev1ce) is that the
i.nfrared caner

22,
‘"S"e"é"ﬁ F"F‘P‘é? ﬂlﬁlée\? e é"'ak ﬁ‘ﬁ@“gsbé( ALl daat ESCP{) e'\WP% ‘H‘? ‘Hﬁi‘h’émf'%ebwv‘d“ by
the infedr¢deamard systehe 22 dising b sniffantiive) tieaepsir haso el vosia tigrfowismgatyto detect it,
WthhQ&QIrJS ngsre%l'bg&@ gmﬁur&gh Echn%@YoeJoveﬁ& e%plre (gngpogeqp@qgg nLtism%

I nent pr esent 1 nventl on,
embo%m’t ?féfﬁé’&seaf m&eaﬁonv?ngfefafmoycag a'a%“#%ﬁ'gée asgadna ppeh ghoterperiod of
time, &H O inggectpraan dtho Gom aldisaiee. Tue tHe BpactldSPRGbOTeeda blintbGon 2@ around

equiprtl{np %%h g&ﬂe?&%@mus-w&ﬂec’ma}egﬁ AE? B%\%\%qn%gdhnm e@@gn a%%%& lgcgted overhead

anger
along g gpot, fyhich) indiffiselt 9rinspeal with a Sﬁ‘ffﬁfé‘S"'%eBEﬂ“ﬂf@ ag mb@@emt ot %nfeent
1nvemﬂfntaﬁrhs;be®l61arﬁz@/dtaﬁﬁ/lﬁlobﬁﬁﬂi) pkOand b&RE Ae ViQAf insp¥ibiCRink She infrared camera

systemizft{'o tHl trouihg)%fro pdesance th a sni fier QEVI ce. .BUt wi th
IT'PO )r esent I nventi on, an | nspector

rrang stand bel ow t he pi pes and perform t he vi sual
Ifre @t iNSPPFLa Rnepmb e thi pfe obaneabedireat o the gipsentapyeptin fwith pther
1nspe5t1l91€m@l‘0@,u mar (xfnﬁ@é’ﬂa@erdﬂ ﬁipada&a)cates/sh@raws@ny Wi REGHPId cBRYa system 22

t
of an em%n?lmflg the u\ﬁp%c or C(%UI? tﬁaen do arlrplglger {magsm 8‘ t}{etleag%gnrgregglrgrnnée)%glﬁﬁerét,tools.

nven

after an inspector | oc‘at es a leak visually with the

i nih e drsedetiod 9E¥sing gy anbedmpr of thepresént ppentienbencimyediment ofife present
mvenﬂldﬂféepﬁ Gt Em&)@ﬁ”eﬁjt) shen tod@u@lyﬁddﬁeﬁ:tr&%ﬁtu@@i (Yr§lh§neprfe Ltlel?& sthfAK20.

t
s St R RE w51 e piEBReT) BB Anredh = 1021 n
mspec@qxﬁbﬁlsmmen@bdlmmmpheeg@m inveninaenaly umct(tl@ rg,ulatof jtatigh 120 from a

1ocan&{m{§f€ié Mtb))uddér WSk Gthe\fén%éJ@b leyenltngﬂﬁé reglathd RALHAh 200 @R cated
ator station such

it GRS AeSp A BHEET - UGS T Pt OBt g g o
fence ar & seplggbinkZéhce, A isrown] 2t mayHe@ble Dlvisualn mspenﬂmﬁe:gul}ltor &&bn 120 over the
fence lt'i)' RG e%pmg %;ﬁﬁ&hz? goutd'?ﬁncﬂin%r? 9&8&% ('e QV&EL bé?i'}] Mother altematlve an

i nspect the ator station | ocat |
inspeciqit! 4§ quid B? hfteﬁéy bramdar fooadrrhén ewplf h‘é’“? &%e)épelezm ewewrform the
inspedtibOwign thdence egbiay p. station 120 is [ocated wthin

the boundary defined by the fence 122. If the fence

126 (34 nl%o@ B SRAEM. {) samgh of @rols | deﬂtl&n@%&ahyj cggct a leak of a

fence or stee I nspec

chemigal (oab*reelcele ejprating fram 4 W@B‘é’é‘tt tbqfé”orv@g aqe@t%'# bwﬁwm&% Amzepecmr
aims QY ﬁfrar&ch:@merﬁ 88e@ 24 B ard O Lon@$@iir Compbitats bNGPRET MrardPithages of the

comporle{i{ and bsa%kagrr})gndo entﬁ:rat?cls c%g{%rgi E)Estoe}g%i gla thg Eoelrr'lls]u agskegglglqla %a{ Qgt %‘19 %‘gsl']_’»%s (see e.g.,
camelbeﬁwmé’h ingF1GFynhe finfreted infagy pagsgsethrpieb the Aptise) bardhass filkes ffeantitoay to the
mfraracQsénsmvx&elﬂf @l{emlﬁal%@ 1ma%515 |ﬁﬂ<§&ﬁ)‘9me Qﬂchbﬁthbiﬁs ﬁlh:@46‘ 1@ l"a](Q@'rd::mce with the

cnara P RgR B s R0 Cr B oo o Pt ot S i b TR EfER Bf e infrred

sensopdevigdvdnwigell cofverts tih@ied aifrarpd igngenadn eiegtrifal ogabremoapiondailfered

mfrarEJl@lageoll‘l'u@é%cﬂgal%{g@a@§ tﬂ% Lallactrgﬁcanﬁﬁrf)&gsg@ Qrthnﬁﬂe &m&%&%&fzz (seee.g.,
the infrared canera system 22 toward

FIG. %96?&6% ﬁ’é’fﬁ‘a“é PY BORFSRdsOLIAF Of i camerRsystem 4t E"&F"é’de ? Halpeinage
repre@fiting the filtc@iripforsd haga NThidasibkeg magd mely Bntieved tnhenl Grag@rtis inspector, viewed
by an§t){§ Eif(efm glzanéﬂlc@ lott:zng é%n Penfdrd %H&L% ré‘:grdéoatr@féﬁagts) 9&% a%ﬂ?e

nmer a

transmlﬁ7drt%1?"é&§eru 1%@@ %é@%bé!?“‘t“h?‘%ﬁﬁmteh@‘%t i cal bandpass
filter 46 on its way to the infrared sensor device
44, The infrared image is filtered by the optica
bandpass filter 46 in accordance with the
characteristics of the filter;46 (i.e., its pass band
80) The f||tered |nfrared |nage |s then recelved by

o o . "
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35 FIG 2) and/or externally by another device outside
of the canmera system 22, to provide a visible imge
wo epsesand i ng the filtered infrared i mage. Thi BCwiS1004/€12946

i mge may be viewed in real tine by the inspector,

Vi ewed by anot her person at another |ocation (e.qg.,

reIna tL(Xi otf ﬁtg gsﬁngr?ver&%{q %5dedftwté{a?p§%n&{n%ag% arttdge,va?lgget tne images while
pefforeltmgthe fretektions Intahathee ofthodf e ingxaerplagdo thd Jare, Wl iR B@IH/00,0lkc4 D es may
be recErgeﬁl ah@%@%d@le%%@rmel he@edIRd r@@rgv rgrry bk B@fo%e@%?@& same inspector, another

i nyention, an inspector na aln |1 nages and eval uat é
persry Y G IR PGB TP o HEBLEEFBA [ HRparsed i he
originghedryey d Thetabidityitnigpecteand repiyw Baotakelalgawieh maan conivémtional ways of doing leak
survey@@edé tuérﬁ%'ﬂamta B&k&)@@&%@a %@r}/sed \ps%al rﬁa%gggﬁeqnsggi:ior{ ?Mdt sr\éﬁgedaThus a

second tinme. The second review may tper or me
better LARUNVPHEBULE Jie SBapitRe AR monBeie8le) L prjloaned Bfrt'tﬁft"efrhod ofth presn
inventto8, phg a vistG@cor X U Niak n@beSOfet WRMBy belVidves @edendls tigssi ew

may find anything mssed in the 5 original survey. The

abA,J a!dtarrtageq)f Q@ér,eoo&tmae sﬂmeotfrrs rneerr.+n%s tEemt Y ero'vﬁtpé recorttmtg%ﬁhe

conventi onal ways olrn survey
lmagea%ht*w@d fyringide b%reklgape%‘efb a%&rshe'efafdr"éwe@a uvfuémérﬂumt?a@fevaw The
recordeditagervbpided in 0n fiels mapie tfisovtied @G, infbdlitme @ latddab b BXiel@ &erson or

comptgért%em L GO arlo&gontmreserﬁocgro sh&tnm.nﬁevﬁegdowhm% Srgt odT¥ons exis

Outs‘df) |f(f§§xaﬁ‘p\71 iy be Idé@‘(‘ﬂt &r B¢ inprgeton t‘éﬁk S'T‘?&Vetb‘é on thg videp ragmior Wa?splay
screend &Is\ilt&\/ﬁﬁecﬂmﬁ@&b‘ﬁs iy RSbe c&Jﬂu@QV@JﬁaﬁﬁtﬁsﬂQﬁ' offle image during the

mspec?{;m q'qu rgweweeé l(g)}:%&% np a atn{l1 stab?\]%g\q}onn(%&t may d)[ﬁwdte ﬁ%ﬁterdra{ ?“h(g the images
obtainedhigy thﬂ SSSU-’&I Tihgy E‘Bé??t"]abbﬁ re@uiehbyraeieuredttmg@ torthy inbaredipmbra bystem,

recorde(ﬁat a re‘ﬁidmﬁtroﬁfaﬁéﬂ@éﬁ%; transiftted [of Fé@(fr&iﬁgy ) J@Pagz@e d%br%@rlopﬁgcﬂe@to the
etraRsmtt real tine

it 3 S 2 Feeiler T BBFE by el eyt Bapag o motie
devicewhithhmay or meyatot bateroatelnloratadbiyany df @ atide omiety S ertniuniegioh means,
1nclud§n@ @out ﬁo@irrgltew r §capl¥: ' ag)hr;e lﬁ%gt VEI"CQE&%OI@%UH%UOH%Q‘L&E q'fz‘i’a nEtQ'Brk

ficult for the Inspector to see

°°““e§ti%zlvl‘"‘ “Efét“&“f“f@r E)ch“bt’ﬁ%"“t/thﬁré‘tf forsiametsr Thy images pviged by the indipred camera
systenAinghe rdcbréedi cogjpewisly duting mdSptdnmn&d/nrabey iy bdyecoedad ehliedid®over any
period &2 tifde. careful study of the image during the 15

I nspection. Thus, a reviewer |located in a dark and

stabl e environnent may provide a better review of the

i nRfGEde QP A ot B2 tidke r%cy@rérﬁV'CTH &°5Meip & ATiE cqsReseparate from the
infrar¢deatird@denyin athelewmbamats bawdyeekert @vénhien, bthdr katipdBenGaIIRE &stem may be

separaseyfﬁotner@ mﬁregcegrét;gstat aas.ggatmea Aag%et . Mis arf%segprtterteg % that the camera

transmtt eco arate
system iy fhgdter pist helesasier. py f‘arrbe@jmelaﬁernérn@%@ @haromost ¢fdie system components

are lo@ed M back Ak o §6RE OthERYmM chse BLS rd’zlsta tvmdwrteére Eﬂdt}ﬁ}@]le@m fhe camera

ponio? )e{af\r/%tg 'te{ie )?/e%s, tg%ac‘%al %%dg%g ﬁl're?l gr\lld 1?f%re§i sens Is mag?)g Eafated o y smr;ﬂgr ha?n% held unit.

Such ghspgrie Wi mpxoinclvds 4 Agall f@owmﬁ dispiadi Srrgen(fbwamrtbet It i gtiotcemjemplated that

the vidi 1ma§bs ﬁ&b Ith@ canﬂ:ra\%ary%e dlpfﬁﬂ»ymg Bh iMIpEcEr B 2GR SRfektOMe i images
connection, via_.the |Internet

dlrectgllmt (Btﬁﬁ RS (?fét}eénsPeﬁg)F %ealfzs orfne)t? ané&tgrﬁ)b fUéface-Pﬁ%eylewﬁ ais eyeglasses One of
ordinguy il iglelarbyill rdabizeimhy diff@cht ypavendaizesay sibpdanseregys yrojectors that may be
incorfofa&® rn%er;i ule@ RSk bl UdBbdih e G é)r@enﬁnvehmpect ion and/or they

may be recorded as deS|re over any period of tine.

Referrin note that a video recordin

delis gl ‘i°gte'r"§?f‘éf’t%aa an wbad*e%{r PR pEFsRLEeniqa ey Bt wade r’g'tﬂs‘fh‘é safe to
allow 2B giendriflaxighity eraimedges of Y8 byarm fdrperbithieg ingediodi ABLIpsovRingtalhe
emboﬁ”‘ngt% ﬁrﬁ]ttmcbr%yrgt@st dn%ﬂnsﬁ&lgggf ff dﬁrﬁ&%ﬂ%st%\ mta}h oﬁé/eqhe am/a%ge of

separate fromthe infrared canera sys

carrred in a backpack). This may be preferred so that

the canera systemmay be |ighter and held easier. An

enbodi nent is contenpl ated where nost of the system

conponents are |located in a back pack or some other

carrying case (e.g., case w th wheels and handle) so

that t he caner a portron havrng the Iens optrca

o r " - o s e
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30 Such a hand held unit may include a small fl at

panel display screen, for exanple. It is also
wa@onsemabat ed that the visible i mages from t hEBCHRBNE012946

may be displayed to an inspector using a systemt hat

projects the images directly into one or nore of the

enterinlég)zégts otr gerrf(ggmr%%sa?c aéng gvnt outﬁ%nelscp ttore agli,og{v?fg‘laj{?;g }%%F rssqea antdﬁéthhout the
need fgprothengpfiety preesmtiong sormllypssdéiftddenit tite useypemonamdnsghllyesfe abpection system.
di spl ay screens or projectors that may be

| NGORARY nRAplaidd BatQh em&el%eﬁtefth@ﬁesm&hmy ifbrpbra€ a halogen light

(eg., "%ﬁ“g ?Wgha?n\églpsgs{(eﬁln or E)elp%rgtglm)rowﬂ%g%t%[og nt e ets@ter?e:?gloetgrbtgtst for the camera
systenj ysing thepBdatradidtgd bs gife dalpggn ligt togtanathe tgmealtleerof fhe @ackgybund shightly. It may

be useﬁnﬂg ukestl%gﬁlgge@fhgﬂt B@ansa)( fde8MobRto %@% Ingrtg: H%tﬂlgdoﬂ:é%bﬁgglgg &gﬁtivity or better

'magef‘ﬁ‘ﬁ‘r‘tl°ﬂ)g%§?li af‘e’g‘ Cﬁterqilz;?‘gfaégf r gkipg afecgiiing 3F)-provi de
t he advantage of -115 WO 2005/ 001409 PCT/ US2004/ 012946
erftherisualgdeptilinatia of oicakper bopafomgd ktnsqueciragosemptt ionithe tfrered

camerm@eeln &faror emb@howe Ifeapesmﬁ Lowhe viesnped.Ang/ &Ehewgtsowﬁue
need for O}l er saf et recautl onhs nor nmal y

viewing 88 AP 1 B DEBY SLEORIA PR TS R At exampic, an
inspectiong@eCilying aves y gdnsmissidntling i@ aihelrctﬂm (discsed emnératle\d) rhdy @t cabentrating
on obtﬁﬂpé)éjéog@%geocif th% El%smsﬁéﬁm add ﬁ}/eg geti}J fglﬂ)h\&,@%Pg NSSRERES gl} tﬁe transmission
hal ogen I e canera system or

line. \g}ébé_r]. aéﬁegcfoyterbp By la:éibfflcl@téorﬁ}ewpedté)néea@ﬁ(é@p@ptrafqp@rrw[wmg the images
obtain&tiigabd insh@fiord fi&es anervaual 5na§§é$5t€1mdllb§ the glﬁﬁﬂa@calﬂﬁﬁtsystem may be
recordgc?tgll aﬂéfgrqﬁl?%m% % all;}gll vxglg El“h? Beg‘ﬁ ! gn%/ ax}acprgl%ll)‘ ev1ew the bmages to look for
leaks. @gefrewe“trbay@s perfosesd mpadugeﬁ whichy hpuldalionéhe seyienerdelesthmiyaisiigwith and

instrudt the g:ﬂiect&s fMQB Back & 2&hidpedl 10k N800 { d@hiﬁ}ﬂ@tl’on %Qn ﬁdvEﬂlr)Qot'éf a@&rtain location
0

and ot{galmnétmo ae 1?1 S%ﬁ %f a gmgl]e looFatl kbhﬁ’ thnguég Bsrpaotlﬂré ar&reci)rﬁeed T”@él ‘v)'er may study
the insP¢stioniingggsidt a flathe Am¢. fHepest ¢nopf thﬁf menbere alkharespechen tprar tharlaredit down in an

envirofthenfGt BRliuctv EAt AR tﬁeelmaéeg to pFone hPRvienbF tﬁe‘lﬁlgges Cﬂﬁf‘? lifheeded or
stemand/or rem)tef{ mthe | eak | ocation

cesire P87 Y g X PRSP B P BICRE TRl 10
viewing an image transmtted to the renote | ocation,
orGozamyinhafelyoreslatidresdoflss tfparllyesaitpha gasAspanle@x anpk@ransmission

lines aﬂ(!']dlstrlltﬁﬁ@ﬂﬁ:l&' v Fhs;te@t@&rﬂt@érﬁﬂn rr]&ulgrviﬁgrvﬁs tIiir aath%SQn? §’de9£bt Ldnﬂ)%/ Wifl such
hel i copter (discussed f

s G EARE PP T8 75 B S G P AP gD Sy of csdent o
incidettrwhers riegdigonrubturee ligelsirae expsnebryorffml thowdntpehy@Bwant to provide evidence
that th@yqpe:'r%dollﬁt%&t?d rIBI ne&lt};@nttu{ ﬁgﬁﬁ&%ﬁ ‘%Ebe?doh Qﬁﬁ\jat 1 Inglgnec%: relno@her benefit of
being ?bé%{?def%d e@ﬂe@nwgétoétheﬂsua'ewwnngtht Fpéity tﬁh@’éé rec%pfahmesaecnon In
an emebdiefxgf ﬂlhﬁedeﬁ’tS@&ﬁbh (Q}IPS PERGRES a ddE1Garpl, S} a tinﬁm&&% may be recorded
onto opgﬁbgcl} gxglth thé reco ed 1 {s gﬁ%ﬂ%ﬁ%ﬁ?{n&spe{%ona%g]é \vr;:ﬁl)é/) ov1de e\cll%egce that an
mspe%l@\ﬂaemﬁorm?é;ﬁore heWUIealp@flm 1 yparisyipedae piidinienierh secorés thay bk stored (in
analogf @ Blgltah B9 on Shkeltype BWdtRMe FBAuPR. gD dcQipIRD, DV D! &@doast, hBR drive, etc.)
for fut\L’l\r’Q reeere woul d allow the reviewer to conmunicate with and
I'nstruct the i nspectors to go back to a suspect
I ocation for a confirmation (i.e., hovering over a
c &p ¢ erefarrddsmbaediremt andipmatiet af the megentrivraationpingpegionfogmation may be

dlsplaﬁdd Bngil/d? rek:&@eataloﬁ)gk)nth tgredofdmtg}aﬁpl)clf r%léaﬂhe hﬂﬁp%gé @Q&erﬁﬁgthe ﬁltered
ewer 6¥yl’fi I nspection | A

narCy g | p R R BIR 8 B G R RFDBIRE I rgoane (vt o
limited 19 pregetcthmnocatemmnmyusdeatoe focaipd add@wicomponam n&f:, component identification

mform%paﬁl é'l&bglrﬂgﬂﬁonmg rc&)rcﬁr%{eg lz{géte/ g tanQ oﬁitayu glylhggct(grlg?alﬁen?lgﬁ%e&lgn company’s

provi de the réview of the inages.
name, G’éesﬁ’ e camerasy geetetipg "anliﬁ% &r QOQH@%“HV the%b@éf’ia@h‘e oflso, voice notes may
suspect |ocations may be perforned | ater. Governnent
safety regulations and rules typically require that
gas or petroleum product tranpgmnission Iines and
dlstrlbutlon Ilnes be |nspected at certaln regular
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that they were diligent and not negligent in
perform ng an inspection of that |ine. Hence, another
whewshit4oof being able to record a focused i NBQEUSI004/012946

the visual inspection is the ability to have a record

of the inspection. In an enbodi nent of the present

i nvention, GPS coordinates, a date stanp, and/or a
be recopdeghpntasqr akmg wﬁyhebeaaeem@é@m (ontveicorotes FrseeRd@d 2 Wideorsf mspection).
Such inkf€ioch ﬂff&ﬁxﬁ*%ﬂ mameﬁecﬂéd Wilh® thel vEstbRl imbdd SPBG e @dordeliRh@tracked

ce that an 30 inspection was

n
Separatwekefgof Stenpaf grﬁeaasﬁgﬁdercf{ﬁ &) ocation at a particul ar
dat e and tinme. Such records nay be stored (in analog
ot ageqgid mgthofl of thearrysens inventipre ant aprhedipént afithgrpaagent ingadtienmay be used to
inspectiBm@ous f¥iécd 92 dd 1BPGom mlglé:?y@nondﬁtna@m the B8 30! raild/&,from a smgle yard

f t f
0. o5 it BB En TP B0 Remt HisRPeSh VRGBT Rl poind e
houses il 3% dasived, prona fawpy Wenaympsrpﬂeayem mandmmentrbe?dsmctﬂé@p dh Bigg22, an

undergMutdhatufdEoal EGRBUEbIENE G eSPInaw 1ﬂ Gas@é‘d ht'naewﬁléh$ﬁrpa|cr%ss| nﬂﬂggus backyards
resentln%hthefll tered infrared i ma

130. UF'H&Y@ iogH ! f%YeP‘rEf‘i“@Hesn"&;}"sPer‘i@f Vi nggio iy g"\?%lhaf yard 130 to inspect
the lind im 1@ the gardlig 8 showrdl in FIGCR-udeweger (Hoeatisea btk mpyrtietdetertddo)sually using an

embodinfaRREHE ﬂarQs@nt 1&%‘61‘1 Qﬁlmfb@{{@’ma& Eh?e‘? %El% bR BadkPF13h Qﬂi BOHL ERF of the
nent nane, nent identification Information,

adjacery 5 PP goiadicaieg sy ng RS P72 b s O CUStgme, ede forbe dligiyroed for
the inspiEtiohTa{ke Ghi0dix. SAlsvadtEnsp@or mﬁbsqﬁﬁnhthem’frafm BR@R)sysEem 22a§Bbhoom on a

i
truck, OQH 8{] bg?ilgrg i g%?tﬁ(?lgo%m?léﬁﬁ %.%’f{l Lsdﬁ]telta S)Fgm\ézl l(ljjcgf%d atQE %ng of zb sttrgest or in an
alley t%ﬁgfm visyah aopgss POBBIOD P%qu’(‘?lel US?O‘GH-’B mez@%me% ef theguqsprg igention,

multipl® thclayaﬂlﬁ may grvded for firld %aksmgﬂ@ udiip ad infreidd &bﬂiex(a@ys&m,n\ﬁﬁin(i@mgle
location (e ﬁ § pec A g%ﬁglg’b? dka/arg 1 lookme %ve?&w encf’rg %gdoer?n% a b?]omﬁ t he

VISIb|e | mage or nay be recorded and tracked
s g{@wrgﬁlc@pt}pl r@@ergfor natysal aa5§@[59§?t9ﬁ nsxtitg 4 wuse4ess. Pefpseiderses), remote from
where 5 vehRle nﬁy rivk. Sdcﬁ] dl&rl&ﬁ&ﬂlfh@s Rt lﬁ@dﬂ(ﬁfcaltyh@te@foe&ﬁ@t In such cases, using a

conve 10naPmet (5)8 nf lea% survegmé qkeq’r?spector g/ﬁlcalle wglli(s ts %?Q:g Iml tle]rvtg g%}bfni; tggp é( survey.

C numnmer ence
In a thigd mﬁ@ﬂOé of throratserd nwenfwro prclomtterh ahd dtsmléutyahrd:s m3y3Q suragyell Gyually using an

infrared Ea%a@ys&hﬂﬂ)hlea waad Foxlgxgmplé: Eﬁns@&or%ﬁ?% aﬁhn'ﬂ@x‘é@éa&%a system at the

dlstrlblrtlgn [‘{89\5 Ftéllv\(f)lg%;%?t%n {l?{%e v{zrﬁng% é ggrllgl tr(rae:? grgleesvgla O"W‘ls)farhsave a great
deal offtigwa el nicBely faesyvesd epp@baatse Thivweme rechmigneof agih e embodbaeotof &ie dssent
mvennat:r)’IQay tJe Qsefr kognsl%gtmg oh’e‘ﬂg ?&Qéd%ﬁ&m‘%@&% bgﬁ’(ﬁng not just resndentlal
di stribution Tine 1’op I's shown I n dash eg I'1nes,

housesy yn across numerous backyards 130. Usi ng conventi onal

| eak survey techni ques, an inspector would need to

e it efourdaethod efipkifamlg 4B3i@sptation wigie embolibhetitto€thk praentiinvedloh, the
mspec@n)r(naQ t)e ﬁen&rﬂx@fh %ge} 319 ﬁﬁ&?ﬂ?@méﬁ)e ’E_fJatQhe 1gﬁ%fcw’_‘9¥,\@s id area of inspection

ecause a ect’ed visu usl ng
using tmfmdmﬁra Yitey Fﬁ%‘“ bﬁlé%ﬁio mal a5 thets s noemhugﬁ%é@f tla? infpggfor is about
to walledildeive 196 | Thisorvaldbaekiyig ol thd Q@et)aﬁdleSreﬁbcﬂoﬂ tMan@ azhicatt hzivh Ettle or no
odor ang!%qu\sﬁ})tle 8 e nga]’l%g @l%?cel n I & Er)]rgcglag) ¥e c}nwb%or dva m&rrlﬁﬂ ?a very
dangerpy§itjatiaip dexii a@ﬁf therl%ﬁpwer cqnﬁraﬁ t*@‘i there inney @ hugg tpak (9gplatge §pw of chemical
emanar@mo&ttmeaﬁéj thd 1spk ot EAIpErEbriE @ Bfe Aet B8 InGR1dR lot)ﬂn%foh%mnoﬁnall
Yord smameaks or he may be standing in the boom hol di ng

andior YR AN A system 22, located at an end of a street or

inan 15 alley to obtain visual access to nunerous

b &emsfimesigss IrFhemicphigaks onehenpiep! spils évesiseiormean higlyfays drereported to the police
first, aﬂf‘t&f&ﬂ@e sénd 6@EACOR 1o dirBBiltrdfiidiway REe Y ga&/élemntameaheor%w&y@rdhe

potc SR 52 P S P TR BN LB 1 0 ST & o
knowiliggiciey @nitbs 43@plboak wWirigh raay énjur¢ érdsilftierndiasr. TBesame danfaroaxisefor repair
boom) . Many residential neters for natural gas are
| ocated next to a house (e.g., between houses), renote
from where a vehicle may drive. Such distribution
l'i nes nust be per| odi cal I Yy tését ed for Ieaks In such

_____ ~ N o L, 1
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In a third nethod of the present invention, such
nmeters and distribution [ines may be surveyed visually
waigiosgoam i nfrared canera system from a vehi cCPEI/USIING/012946

exanpl e, an inspector may aiman infrared canera

systemat the distribution |lines while driving past
persoﬁgnqgmh%?ﬁas l\g{:/aég}lg%us 1? ?vgdlcp lg: b ne??iattorigﬁeg%or%% a me‘%g@o fusmg an ‘embodiment
of the grasgesdnvarian intouprfisst remne seeme Ferewmpicqifiechomictdsakgpilbin suspected, a
helico@ﬂb@tﬂ bR fdreddamérh & stk Gﬁzﬁféﬁib(ziﬁnelnﬂ'}«{a@'% F&Wh t5RYd BEsusiR&el 1bQfion to

assess it VISF gchorg gsa(%o a%pete urs]ltn% 85 ?‘gf ﬁgiﬁ%ﬁgg@orti olwoc{ﬂmg B(hﬁlf ﬁiagmtude and
dlrectlnfeqflti@ dmvﬁ frwep fedf qrispily mainbeidptgpieccﬂ andmepwiiteld lquiektly aartisedaly. rfeimbfen

difficuftho 1E1hﬁlyi35t@i§ﬂ{8tthe|nﬁgrﬁtﬂ3é o@ﬂie b spifi m%%érﬁ[;nam%h&? hAs another

t hat
xR ST i T 4P <O Y SEOPN FF e g o ey
approgcing scene et rejeonted laaky spiile rhikewisern anaidiesh@ne @fetyaraved € prédeisthg plant
equ1pﬂe@@ﬁhedn 'ei%b&%en?of IE}H gf?eselnﬁﬁ\l@nttoﬁ @(;uldtaps@ss a@lﬁQ@&tﬁ%& a's§fe EQ%E ?]s they enter

to wal drive into. This would be mainl
fo m"eﬁtéigi“iétaf/”s%eftef i"’i@‘ 9 fRilbect or. Many chenical s have I ittle or
no odor and are invisible to the human eye. Hence, an
I NBpewtgof to bfidreb@men sysiemyf orembaditdntigwardsgltbmpdénd béng inspected
may b/ &?Mrme&jﬁ&g 5{‘/6‘3}&% iSH (H@l‘i BfQiQ sys’xﬂﬁ-ﬁﬁay b@%t{aa‘{gd I I?}% vlelnaf{%%& ggrted by the

confirms t there is not
il B bt AT oB e g POPIE Hemes bieéiy tynewekmd of vehicle
suitablie fu (he Gibp@ttios ARt lyd@e {ar mor Bmiked fo aCi&i:iala kech rhdﬁ(&@éi@tal bQiSlcle a boat, a ship, a
personlai%t%gr%gt éII @r{g% g g#ﬁﬂ(ﬁne (s:a% I’:* win g g \éhr%ri%)ﬁterh% oa ?laneg P(fwered
paraglidgy, qajuftialight gyora e%PPWPfP%\iiﬁﬁhéWe bPI&ﬂQ@) rbbap, e eemoseonsoliddoehicle, an
unmarinédrasitia] veidld, dnll Confdatfidheth&EITATHR Whhid rfldycbe FnSvnﬁgibr gtbﬁp%@@urmg part or all of
m cal

o R o N SR AU BrSl el G Lo e SRR L
the camfiegy éef’aﬁo'éifeﬁ ioe eame dhipe Yisstpbitizipgrtlatfomt @ sterveasds omaumlp fised inghe movie

filming ﬁéﬂﬁtr}m&:%hw staﬂﬂﬂ%pﬁﬁatﬁs S@Qldi slaglniiﬁgeﬁatf@% iﬁw&'ﬂe 91@ ability to obtain
ficer an ers

he

seter {3 B 4T i B o e S0 5o RoGelser P OOWPBEL 546
persons entering such a |location. Thus, it would be

b eéiefbedinadnt may be pteolre or zesttellitg torpedvivie dlsr@f:tiousiimxgspm One of the

advan@F¥D G AR s thaok anlage t]ﬂ}Bl%ﬁ &0k clloﬁiye’ﬂlelrrﬂge df lihts;%ct"i’onl id lrnﬁtted only iTy a line of

Le stem a Chemcal lea

igh g R U b O S PSR Y RIeP g G e hemical
leak orglyegtta@d of fomesamitedriyoa ihaak armi;hnbaemé bont (t.@ et Blodkktby trees, heavy rain,
buildir%ﬁJ %ps%{i&lﬁ@) axQ Giﬁ'griecpi%a%eﬁnaé @@&@a%%d ' fhe ¥1&(§t9}?e/cl)% Ei%t%poﬁler%%gn thus be

i stance usin present
increaggiggryasedsvaripd s "?Fﬁifrﬁ’ Pryee f%“r‘i&lf"’sa %:iYei“ &B85 on of the funes
froma leak or spill may be determ ned and reported
qUihetpival merblodsd fisding. leakd onic®ssabiing trardin kdidnQidéstis th Qvalk along the lines using

a sniffér%b\hde%aln% pg&tdgt'émrr br iL Q)ﬁ‘l 33295%&}4 q}%reg{e ng Peﬁce)s( onelﬁlaé drivega trluclzk or ATV

usi ng conventl ona
with mapRd APk P By df"ﬁ’éthi)]r”@§ e of i Aieerec TR ed ipgkngfif By wind is
blowirgiatv/ o the spiffet da itie vE}iut’leorttHe M@KeraﬁuptvhﬁYrom @R Mk Achnifer probably will

not det%&gﬂvgk 9{15 r%isli%ﬁﬁ)e lgag a{co eteer S)&) 5r0Ll 1s hat ﬁ\Mﬂt gO?BIF g%ttermg lines have now

I Nt énance
been Oé‘?iiﬁ PypEth hapses b‘aiﬁl"‘éﬂnﬁié @Nf@m fer@fts T hie mpifees eany impregt@altte chack for leaks

in and G1OLHdGesRASHIRIDEckY 2l dsthd borthtibiaDBohAq Rl @nflhnids @ﬂ&%e@oﬁmtagﬁysurveys to
vestg_l?ate a ss ect ed | eak The

N R N ST S R
Vlsualtné‘waild@ecaorc@nlp@nent bei ng i nspected nmy be perforned
froma vehicle. Part or all of the system may be

atAﬂﬁcthJ@ldm&ﬂteﬁ E}ﬁffeyseJPé anu@lycB[ult%i' RROdcteEEhn BYind des nf ?Jr] bi6ls Country
-1 'ﬁ%’ , %e 2 % son in the vehicle, for
tr més %\Wfs ? g é}ﬁi/ 355 Q 83rk ”k?‘i‘Fd veggus V@ﬁrpiésli(@ lmes can be great.

sui table for the i nspection, including (but not
limted to): a truck, a car, a notorcycle, a bicycle,
a boat, a ship, a 15 personahgwatercraft, a fixed-w ng
airplane ‘arotary mnng vehicle (e.g., helicopter
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paraglider, an ultralight aircraft, a powered glider,

a glider, a balloon, a blinp, a renpte controll ed
woedsobp an  unmanned aerial vehicle, and conbiTE$10051612946

t hereof. The vehicle may be noving or stopped during

part or all of the inspection. If the infrared canera

Thereg%asoglﬂa $f§ BFB}é%tﬁq h&Qatﬁlg I%%I)JV%DS]‘E{] ggz% ?ue\é ?om l%l ?drdveh of18Y 200 mef

esSira have canera g em noun
per day degle Sugtprescrsipricsqam ispylt iy dryfyplpsiod thelramkith the diivgnand deggoy the equipment. The
conveGiiasak Yurvd$ Exfhipimantrda@irds oy hr@pe?t@r tb bd iRt1I6Q ptoﬁﬂw tithin (h€ stam of gas flow

to detg:?/{t Ol?y theatﬁne th 4 %g lS QQP %d ?t y I?é Bleia uﬁ ma?be%g a1 te.. ﬂJsmgk'sle Fr{lbodlment of the

Preseftt HRgEaen, @targa letﬂesty lsﬁtee frpm amedwanrw nwgawpetﬁn@ pter fegksgnay be seen from a
distantd, UCK, ATV, helicopter, blinp, airplane). An
enbodi nent may be attached to a satellite to provide
: n%x?egn?oélagn { h%ﬂsaﬁ %ge%tionor'n] bf’ F'ttacheg }gl) a%dl r%er ogﬁaate %r.leﬁample and
ﬂownroaqqg gartgmlsslcﬁtgme @t@,rquﬁ'welghlgh rﬁqe pfésgeeé fﬂ gV 6@-9:20&n11hi) yileile yfsual images are
recordetl QMg tHeGifraed Uﬁﬁel‘h@?stéﬂf Bvaﬁp&gﬂ ﬂh@ﬁeédsda ge B g Rp e ii®BE%or to spot a
i nvent

resent
ek D oD g M U PR B8 BReRL il Ptprect ors
secongl tepiew plakinghack thi tedprdingat 4 slawer spfed siagbrtable & qtch miveet ldaksocked
by trees, heavy rain, buildings, or structures), an
| n@ﬁeﬂrtt@deaksﬂﬁﬁﬁlsmonbﬁes(amfﬁinmwocatﬂl’é@iead vegetatlon where the gas is leaking

conf i ion of lens ca
oo et oGRSl b Fretala T oy oy P Ao
some firgas, sachgis asert aram gfare nigh &e toppgettibn whetehigdeab Exidid. Mtlisngink @ alktBod of the

presetQ ﬂw&ﬁt@@ %at&%&%%ﬁnéﬂ%ﬁ%@éﬁln@ﬂa}l Berégs%¥ He?ecIeQVI‘{\@ll)kfr(ﬁL DR or long
i nes usi l%‘ﬁna sni ffer device [ anme- pack

m“”ﬂ%?@%?ﬁ??”m%?m YIrereesnsBe \fer e there are no fences

one may drive a truck or ATV 30 with nounted

snbévnan the swampdand otbowtirertt Freisiananfosexar@yie itaf aldagimpossible to walk the lines.
Instea@tﬁea)géﬁﬁ&js %Q@acl f)'q’lfy oIiJP'hglr m%E ;;}-9 %ok Bor i Q@Foreti t/egt:tgt%nm-l&gev& a cﬁ)lony of

? 9 romthe sniffer or 1f the vehicle or
ants cwaﬂ (P4 8 S hiEP AR R s iy fragt thitito ¥t 2 embodiment
of thewptebdnt inveotionci@inged ona hbleyer, fbriekisnple, & imaghdvii®vér@atea suspected of having
a leakazlnh Eeg(rglh Eﬁtro se;Ene%ccﬂo ﬁtte sﬁ%gigpir%msmgs tgc%/ ﬂ?&recﬁamg 5 sytstﬁm%P% eas11y determine
if thells tﬂal"’dl‘ nlgsltef%tﬂtﬁ tssevegﬁd%mtyéﬁ ¢isuplly SFPﬂ“Sd R éfsmfftfed\ﬁéfi“l‘jfa system 22t
look foripakacti cal to check for |eaks in and around
residential back yards usi ng conventional techniques.
gﬁg?%g%’ﬁﬁ%%"ﬁ& hRNe, pre T(Jre ﬁ?u Esl a%ch ﬂﬁc’omrateg geiveeﬁagn%rginlér%gr?alsf(qlreck points)
along 4 i YtemrenyoPpr@lor %?themers forFed APERSRILIOPWETPYs the ling/etyger] points which

may He 301 @rmeilds apas, ﬂ&(ﬂ(dn@ﬂa faing LueioKiSng A8, betvednGite tWOpUME there may be
severasl pef'iks ?yplca?y ? 1sadcf%cu% to %termlnet\;htcfh% ealﬁ%msgaééeg Ic,:]'}h:ué) %érléyn mT-IE%Ieaks may

CFOss coun
be fixef] tfefors findingthp érgh'gleatkh Hging dnemsqdzr@nmf the pradenti imventiot,iti@garger leaks may be
distinYsh&dkford theBdha dr FediksO P ls) tﬁ@&é& ks PRy 6 16@fed andal¥ first, as they are
Q§E/001409 PCT/ US2004/ 012946 There i's a danger of

GhPMh a hot catal ytic converter with grass stuck
to it being driven onto a 200 ncf per day |eak. Such
a Swenagsivberan lealeis bitg rémiranit @x plugsinew lethathecame pidelal another location
due td H&erfldnt ¥rHe pﬁ)@%rglgﬁfe E&p¥ir (tplgr%tl(ﬁq W PRI of threq)?esent 1n|\"]ent10n the nearby

vent i onal survey equi pnment requires the
P°m°i"?f§ pBETPaFed{ige B b ﬁ“‘eﬂ‘ycfgéeaﬁ'%%r’tﬁe? Visuilly 5ing 2 grebodimpng gffhe present
inventidn tgdegerrhih©whethigoanotiadr ek exists.aloRythdthiee. t i me the gas is
detected for a large leak, it may be too |ate. Using

anWﬁ\I.mQQ r6HEd? Bld(ﬁfetat llﬂ'@s d%vé?({p%sdﬁsnﬁle ir)TPeinﬁzHérfaPJt]tEn &c%ﬂr ?aﬁuriteed with the

be seen from nore
leak“tgé%%k Ssfle dibarauad h“dfaPQYﬁf‘ aas ‘eat @tfa%@e of\piP<d AfiF0 P B ptsatiypted with gas.
the present invention may be attached to a helicopter
or plane, for exanple, and flown over a transm ssion
line at a relatively high rate of speed (e.g., 60-120
nph) while visual inmages are_gof ecorded using the
|nfrared canera systent Even though t he speed may be

N o, o, a s o A~

usual
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second review playing back the recording at a sl ower
speed may be able to catch m ssed | eaks. Oten the
wo e@k®0i4n9 t ransmi ssion |ines are found by | ocapcngsmesac2946
vegetation where the gas is |eaking through the
ground. However, during the winter when the grass is
brown, this nethod may not work. Also in sone areas,
Thus, afierpbrfamingl eppaitandireplacing thehiit, e sniffey ddtestonmanfelepbt indidatyrhaptheleak is still
presenttb@é%u;e Q%y @e?(deégtﬁlg thzmmmg %&s@gurﬁecm? it @Q aQJ/ortph@ ﬂ:l@o if the gas is

sent | nventl froma burie m sSsS
odorlzeld theesn%vxllﬂ)ge 151§?rr}(§/r s%}'érlaledéi(s@a it ‘S)P\%lm it %?te? fr %53@,',]»8]10(}1 c?jlrlead to
followupergnplatisd pames stilhanyellinigtite gasn Hewdyercpanfemtingaifvishidl @aspeake Siemrattion with
an emb'ocmﬁgmn* t%es&pm@enh{h %L}equﬁw?werlnﬂp Qhé’mcer tﬁpfégktlﬁlr B(llsts after the repairs

Loul si ana, for exa s al I mpossi b
(before s pifer fepjasingthsdis): lnmé‘t%saﬂ the ipya! tsspwl&f 6?1%‘01“5?18\%&‘5] *Fg)a"r‘v%/mmleum
producB¥auratédigthe dittiames actmedl lehl(X@k)wergﬁ stebharg 6fﬂl®ﬁl€gd;au&ge:taﬂlblep [This can save
compul QT Bl ol G QDY s BT oL B, B2 BB FR Ry and mor
reliabl. he air. Wth an ermbodi ment 20 of the present

i nvention mounted on a helicopter, for exanple, one

MAyak BGVees indvveftiovalbusdiessadistits paaihed tObe chdvétetitht night d@ak traffic. With

proper ﬂl%ﬁjt cTe %&E qn glfr§1h(9 {aFneI% g)g{'séﬁgrgn glt n]iotl]r%edsal?l%%l:lgeé;eraf{ne&a %&! P%erform

e Ilnftrare canera s to easi | erm ne
these Iqafy gy vy feomap helisgRter dupingghe daytimgiand aave ovﬁ’@m%*rws Qs cleh eOrﬁthe

advantdpes dfb&fd)ahnhg/a 18&@&0@%&%&@ ushiy, ah Mif6d Qehe@ HARMD2 S GduIPdidct leaks

is that {he %roung ogen r8ams hea&tl to I’P dovl\/ibSt ootd rthaeﬂS FEoSt‘?’alst%Qd hsna%setttelg E‘Q{:Eground contrast for
giat & alves at certarn
viewing ﬁlt: @pwrhsnf(aceldeve Ronppatiedh toghe skypdg a atrustiqg it thasy kdsgpe. OfF t en an
operator has the equipnment to see a pressure drop

ac«\h&s@ mbh& dfiusn@ ah %mmnmihaprssemvmon my da&tiéoofle% in large

tanker Beéie \Rérgnsg ?‘%nté pftr eum (5) ﬁ{;gt)s by tserz]iﬁ)%m% ed ca£1§\}1 é?ségnl gréelegbodlment of
the preJepignvsationyleaks tp the snvcfptfnﬁqnbndytbe ﬂtmectdétlelalm freen adafe dhytanrk (¢ da@n land, on a

dock) &ﬁ@%ﬁlpg;g;oﬁﬁzﬂg br by-gnlﬁéeme'ﬂﬁ@éﬁlamgér%fes le @aEﬁA W) € ships carrying

X efore findin elar
Chem‘cétsrﬁrd’dir progicts Ry bﬁ?‘é‘é“ﬂhl“sﬂeﬁ élﬁthyo‘%‘?SS by ﬂreas F"g¥ fBraghggiigample.

Inspectimymbeilso te strfomgd bi@d the batrsitif er vesvell ABs, ehobaddsireasTiitien a ship may be
penodfch@ &Btgﬁguslly %%ﬁ)rmx?%aepoh%% E&ing@rmy &Qﬁéd%@iﬁona}yr r?f;ared @aﬁ‘nera

ey are usual |y first priority. Sonetifes
SYStemd’Fi@‘ q"l?ﬁckm?“éz f5&xagler epaired, it can cause a new | eak | n
the same pipe at another |ocation due to novenment of
t e@otpér prethotlinfiushg ah lebadenpai of tho preseattinvermion is detevtingdalvaks of petroleum
productt E]r?ngg r @ﬁe% Igxﬁch lrlEs ?Jgpgrg&hedt %Iellﬂ:gﬁgrbXn m@r%& éa&@é sﬁ{ethE §dapted to

alre 'l ne easl | y I ns ect
visually g Reffolersy m@dugﬁeaéf?@b AR O Ctewélelmlé%eﬁ‘vs wauil ca#it thprew on
the heﬁpotd@d R4nToras lvﬂkewgef plﬁﬂ)ﬂishﬂfm the adealfax thS)t :ﬁ)p@bdﬂ@@i Hetbaetthey land, for

en c ol d i.ne
exampje rllﬁls wm?c],]re uce or € mm?tee t&l? ralﬁk 0 lf'u%dmﬁ gqlco Ijtreé gvméaa ot en& d)?do a g(a?]leak

Furthefripee, injapagief mpo@lamsnt aessrgnentlymouiter/ptationasy inflared-ramerh eypiem 32 may be

mount@PsS cekt@R tocdtibRlarcamhind 6 pradiddd cBRhudaf 6rPBridaRGRIE Rak survey.
saturated with gas. -19 V\D 2005/ 001409

rg—r/ngt?ezrgnoet élt%gﬁlg 1n e-nrllgods n‘lenfl ?f pg&etrmv%rrltwn rzigtectgf) afﬁ:ﬂ?mlcaﬁeﬁs may
be performﬂ etefw@n@m:pcessm plaetawantéacgltma facilitios, eoipgnies, bréitoag@releum separation

plants. Wor@@plﬂlﬁt tﬁé?ytrjqngll)t d’b@ncfnﬁ[ﬁhlné dntéde %thB@Iuﬁlg fbrréxénﬁﬁz The
probleg%tﬁx |the\ma¥ ﬁ% (54%{’ E’ﬁ Clrriepfgéipnefli,ﬁhatQ}g@%fpeaw‘afgfgtor \glll 0 engl%woi) grease or

WD-4¢lihgtsd ys@itop she vl ganfar hbriditiont for evamgd Hoavavek, @@olfrred cafnerh kyewm AP may be
tuned &%npsjn@anBp?xc;mangl?agssrﬂ@ls%slunhg a c% ;Jaés 'Bg1dt851)%o Qﬁt dom\eﬁu\égg the ability

formng a visual gas I nspection Wt

to see %‘ﬁ%‘&‘iﬂ RS r$’fea56? ang H‘@”ﬁ&’r‘%%ﬂfe ?“ﬁ*‘/"é‘r’ff“g‘lﬁiﬁ“e“h‘ﬁf’y damgem‘ ?Ftwee“ the

lubricll@ @y gat IBaks. Winéat fueies dflte gheesakang/bil hdric@usiaktiGagad byahe daf@a system 22, the
repairs (before or after replacing the dirt). |In nost
cases, the visual test will be able to distinguish
remai ni ng petroleum products saturated in the dirt

and an act ual Ieak (ShOWI ng 4%stream of bl owi ng gas,
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conpanies a | ot of noney on service calls and ensure
that the | eaks are actually fixed nore accurately and
woreoos/oored | ably. 10 Leak surveys in downt own bRGT/IERS4/012946
districts often have to be conducted at night due to
traffic. Wth proper flight clearance, an infrared
visual ¢ Cbservatlf)n osf¥ Setfuemrre]s al%d (;fr;rarﬁétt rrhoefggtl‘rllpntleg%a O v?/' tehg gns?ecl;%ﬁt]t grscem tl?at it is not a
leak arjqi)ig remir elrlbre;fart eysgoretivg. diteptvilnes ham dees eevaskagivdes toja fadse fpaludetection

triggerb Oy 160FEAME on B0 Galf, whiB isaly el PBI8 8 wite dPREJUREN NG a | eak
survey from above u3|ng an infrared canera systen122

ng I eﬁ éne{lll Fq}e 'gree(s:etnt mveatron és tL det(gclz'%&o?,'(éffj?:rig 19 &hg H%lrogl-gprcglﬁr&iustry or other
Chemlqarm@duanadewtérs l!§&'€ Ryenehadintent emerpaegtnt fnpantion]t® vigiabiywdertegt I¢akie Detection

of sucll l?a':kkmw He'ﬂerfdﬂ&«fdéhf a4 sta@sfroﬁrqm%l&grok 2 tﬁeh)?oc@:%r}{g Q{i p'ﬂl)ductlon to the
S u

ur.e
wansp e Aol o BE R PP R RE ("B Fhepioe Ranetay Bty ipe the
chemicafs, fhresgdaeple. A\ Hifzerog Bansriogiatior tineverndgltis chamagabipayrte iviagplly inspected for leaks

using zﬁ%InB(Qilin?eHmf B ngﬁgrﬁemﬁnsﬁéanoth@ 'eﬂlgml% Naliddb Blﬁé’segnr%@tﬂ)ﬁg &hd equipment
pr esent 1 nvention

i ment of
ata pr?%séll?%g]f 3?11? Vésﬂ%yf'l‘j??ﬁté‘?’l?r "??ﬁﬁpmﬂéoréeé’fsé'é‘f‘%ﬂ‘ efediment V)tlTerp(flsﬁnt
inventign. Sidrege donsiir@nooargf eesgpls, or @nckltraiteh, us@rforatorigh@lpr thyspbrfiR: the chemicals
may b@'\néu[ﬁ@' i e}gfé@ W%E\%ﬁ ugfgurﬁnémﬁﬁl nEhGF e P\Ie!eﬁt%g)glg%ﬁ Qhr¥ex Fn cgo%e example

ps car chem ¢
Chem“ﬁEt"F’(b‘Fee(B‘r‘harﬁ Pt toYns iy Igs: L ?Cﬁtylre‘??slﬁél@t‘% docks), ftﬁ‘e?l | metharl,
xylenep@s2nd) yutddlend Scetohe YonpPid OBE Ebf, ahDdomBiXARI tRereof. | NSPeEcCt i ons

may al so be perforned onboard the boat, ship, or

V%%%ﬁkodnﬁaéln cg the ?Qgéngﬁ\%gtloﬂlrngflg‘e u\é\édttg]%epfo da%ba'k@uroﬂe%y Quei/or around a plant.

peri odi cal cont | nuous ore
An adwr&eaﬁrh‘fepwm HRTHEhE ey lgreg lﬁ%‘f & Pee@;’t@&uasbrdd”wmsylarl eplysaisaglly. Often
the smElBIBARE go un&)dﬁie&l%cﬂfse ey c&r’ﬁi’ﬁtﬂﬁ Ifdiiﬁfﬁasﬂyfu@ﬁg BRI meMBR! B% small

leaks cng ltieggr? er&% up agr S? qosec{:;[r)ea where Htmm fble ases lgrggnse rg%[)e%{f']grgrnt }\lso in many

Procesrln@%am@q @WS slazcwvr ﬂogﬁorairl@d @pmabﬁerdeam aa>elhe1 waubippesmell the gases.

Even vNarelttRfgfisad a@ﬁod@%@ lids SHS LigTI2es uﬁ}ﬁizﬁsﬁ@aﬁtg ddiQt althf #id @Jaltsy In most
e nount ed

L T T R L M
personhg Fquisigpicy artdaasslm fimd tholpakg asthdyealksingm egwrsdipénadffticer presenointention, it

may béc@m@ J&@no@ﬁ:@l@@ ﬁ)@cc\/er‘i Jﬂ@%a‘ﬂ&ﬁ@a@@Clhthﬁlﬂgcomgsftﬂzrcgse tne%%chc@ngig plants may
d reduce or elimnate the i

csse R S S G 08 P S5 HOTET B e o VD ks ver
found In@adkregionfFafip takpe phamrigjust Bhmamed, Wiich ie e dian@Bdt cond®entional methods of

mspec{i)(ﬁlr Kﬁ&r%? Edvyntﬁp qultsﬁg Seﬁn@&dlrggﬁ%dhe Pﬁe%ﬂﬁ\ggno% ?sr{ﬁat fhe Egrfehgrryﬂen does

nount e certain ocat1 ons aroun
not harﬁ tgcw Obi’"lﬁ‘\?f"tl'é‘ e "élb‘ﬂ"t"i’“hﬂ‘é @gesap fingdheieskss, es thay g be Jegnepkith the infrared
camerSdyftan@yhen b MneoT Sk ey praveied) Athing b sriffdr BddcRR h@m&ddnmﬁﬁﬁctopaould be

fequm‘gl?(? EW1$ dse%rr%r d\ll @ n%?tdow of th(e:l ggs % CIE tlo Qec?f chem cal |eaks may

processi'ng pl ants,
nanufacturlng facrlltles refineries, and/or petrol eum
s dBeIPsat 3729 Withih Siplen or any arexshEPIBK BRI DS pertoRied/ly O qeRERpYSly meppitored
using mﬁiﬂlﬁ o pétﬂlm‘éﬁlyﬂﬁ%kaﬂ&cﬁ%ﬁhﬁ&ﬁ@ iffAckd bd’ﬁﬁﬁ@%@dﬂm an enﬁb@ﬁlment for example. A

pemaneé%rmoup ed mEared cgmera Pﬁ r\{\ld?(}g'hmefrtl ngiﬁgse 6 S 8;&(&% aéc:le 58 l(‘}% cwcmler for
exampisf gng may bej sngr to dn ﬁgr @abs@mmt ofFUG \\Dut@apted &t beinpunterisial a building. An

entire ﬁeh)ﬁ)rlé/@l |pMﬁi§nef1tW mdubBd éaQ\@J&é 4¥:be gﬁfegt@&ﬂ? @Ate% thrk&\’x\@x\( £hlant @ﬂ)rovrde
caner m 22 uned ., us

parin g o SO BUG. L7 GO 97 T ESF oBiPhipae @vided by the
camerds amdn@@s)ly @ gertoldiadllyi in adgles emptima@\aeomhpger gfdtehiwtityt imdgOres@sition
o S D el L EPR in B ar BHER 4B i
fmwaﬁﬁ?'leaks If the fumes of the greases and/or

| ubricants are imaged by the canera system 22, the -20

WO 2005/ 001409 PCT/ US2004/ 012946 vi sual observation

of the funmes and the pattern of the funes nay all ow

the inspector to discern that; it is not a leak and it

|s nerely a Iubrlcant evaporatlng Oten valves have

o o . o o o 1 4. a
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triggered by lubricants on the valves, which is very

costly and a waste of resources. Another nethod of the
w@r@seni409 nvention i s the detection of |eaks iPCTI/82004/012946

petrochem cal industry or other 5 chem cal producing

i ndustries, using an enbodi nent of the present

invention to visually detect |eaks. Detection of such

| égﬁgna%g}arﬁé)r Gétpqueé have alognoffaﬂyes glptau@@ optod s fopfe A single plant may have

numerd@X @h® kvah i datexitObeinh oR AR @S Bét Agh.AMEve M QEHEAn iffirdd QarkeRystem in

accordanEea\?ﬁmQ}% é)‘i'elseglgltns)entlgnhgaffi% h)? {“ %ac!h ;039, %lhck}y sxarvel}ed fron% a distance on the

rs storing em ca

ground, gy egyoplen ghlsoclpesAmisaioes, bmﬁltﬂg oty pla, towkr piugiare gpy be visually inspected
using ah ERdARRAtloBIhE SrBsehtiimIEntieHrdnyd NFantd\@ ¢ CRETIGRI 0 R Ywd) Efrom the ground,

visual ly inspected for |eaks wusing an enbodi nent of
etc.).

the present invention. As another exanple, various
pi pes, connections, and equipnent 10 at a processing
pReeardedypspedyen datadigal prigr ipspespene maxibegwefhimp plortedndeerr [flae mkpsction is
perfomU:S liniChlaAan@ BHD Qe NN s fodhd dghie mchrs@&&ﬁ&nt A %F‘&dcﬁlﬂente@tlﬁfaﬂ)g@lth

0 Vvess railers us

video bg tm O;Fectﬁrrs] %ﬁe nn CIalnt r?fz{n era cﬁlg po r llfnoir\]/ éhalt thLerglﬁéeﬁH( %’y%flngver %Ve(g(g itis are-
OWWﬂmﬂgmally i nspected for |eaks using an enbodi nent of
the present invention, for exanple. Sonme exanple

chesi éﬁ&heﬁ meth6d dﬁiﬁng(alﬂ hbAAmRnt¥@the l)ﬂesfé'httuﬁ/gntkﬁ)goveﬁlmah’tlre%[ﬂlgtory

agencérs)réc(£ léqag conﬁ"@fest ﬁ Jllgglﬁ& g%erﬂﬁ vgsgq%&?{gwsa% g‘EQfﬁt@“S easily and quickly
using ag @lﬁp@mwdlsraﬁhem«adetenamdlf e pand prrfatdnois smitting pexofeum produd or other

chemnc@lmgq}lﬁﬁ%t lﬁfem]:rtg@mgrtlﬁ%%nﬁéﬂy(@ Et J«o%le@%)im@&mﬂ&ﬁlgs Lc@atlle inorganic
erforma le survey in an /or aroun

compolTy A{TPRGE6 AL FRLRReS VEHEPEHOT B ENEIm A b sageses may
be perferenad tasdoohlysab i sumgue isdpediodstoen@dratricted co@pBince wiith erevirbymentafriilerand
regulattogsﬁn dMé)gein} v US ugig) %@g%{ni{ygn P&%@Mﬁ% Bthx? (;,/cgﬁl@ 'ELQD Sned so that
they cap gxRY HeRn FH@“\V’@W @awg@naagsﬂarow BENCL AR tb@@arfoamécdlomé ngpections
visuallj 4t &argeaRb hr&sgﬂi&es lellOC4 Riwh Ifrﬁﬂfé@dorﬁrhﬁfcﬁlnmo ené\lrétﬁat thie MeakkBARYE repaired

ina tln{% 911%%?6? I /{] gch Qljnmen regulgtg]rgr r?‘cﬁ?n\?\z) oﬁ‘ewew a senes |0F té de%s %?ooktfor

unrepami l@kf éc‘ﬁmme rTéUSt there gasusront methpdoefiusieghn embodumsentfff the mresent invention

that md bt isefilth b g@kmmbRFRGhbG adendy0 detect all of the |eaks.
In nnst processing plants the pl ant snells |ike

n 21210 g‘ lp]%th{)(i:oq” rt}%lpresetnt mvggt}ogolﬁeﬁ leest or% h%rcgemlc L(I)r ﬂuldl%eal(r?on a vehicle

may beeeafslv fopnd ysing at ﬁ@Oﬁlmak sf thmescmeyennfaln Fer@p(wgnleavn oo Biprieqat, the gas

tanks a%fnoltoh&s EUr ﬁﬁﬁ@tand d'éVe@d'ﬂ)tnb Qall pihole FRY wWARE REBIFRGIPHD %t@ﬁxld f' Btp It is not
eaks, |f that becones t

he
cost ef{]%eémhto begn(%e ! %%aﬁgqﬁlf% ms%ectwayas th(e: grgglé mugy ngﬁjgmed f Igﬁtéhe gas tanks out of
the vehidtre rilsosshieh carls bre héterious foehavi@leadme high piessort agirpr wipodiuregind lines, which
can calgg entgﬁg fired. %%§m6r9 Y lﬂ)tx{c%es A'ém Imﬁé'ﬂgaﬁe ly?fg Cvﬁerg§fu£l%fm g{ V\it]srl)ﬁﬁn make

ne regi on of 'arge plant in m nut es,
there R THOZ T (S DGt OE AMAGHROBA] @b RGEASPeg. An émbodiment of the
preseni iM@{I@E inaypbe. use‘&noﬁchlﬁ'ﬁtelﬁﬁimﬂ)fn_t ag @ndfuctisdkin CAlR) suelivbaehdaeiay be applied
to loca%ffuJ llgzﬁ(s le ﬁ)hre\’%lclw]é{lgpgs an'ess bc}ag antellc% gr ing ﬁg‘}?o%l(a\ratel%ra{“t i example.

oes ave to cra on an ar o
An infiggqd) C’W"fﬂé%Stet“ozszf HelPresi iNveniiRTsmayhs ugeh womyeﬂaferagté@hs qpicklpon a
vehicld @so] d feinBud@tbnt of BB Ble@ntSHEARAMN IR td bR gaf or SelfrgPBilantildaks in home or

ing a sniffer detector, however, an
tmmmgH%Aceu?mtguld be required to get his detector within

the flow of the gas leak to detect it. 30 Encl osed
aFE@s23i3 Riesg semepmages eeperatedty amerebhadiment af thé pipsent fragntipreduring
experuﬁ@]fal l@ﬂllngi adpkairicatly, Bl@BtZBNlJ Wﬁ&rygdﬂﬁﬁlbd lﬁfngﬂlxe fodSRdeRd elﬁbodlment see FIG.
|.ed/ st ati onar are

20) hav1% rog\tma%)pqugp e@lfer 4266 Wil rﬂ%sag gé abotllt (I)}F saélg&mﬁlfité}{ow'& n EIG. 4.
permanent| y-nmounted infrared canmera of an enbodi nment
may use a closed-cycle Stirling cryocooler, for
exanple, and may be simlar to the first enbodi nent of
FIG | but adapted to be nmounted in a building. An
entlre netmork of pernanentl%znnunted caneras may be

. e 1. . g N ~ -
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flow at a |leak. -21 WD 2005/001409 PCT/ US2004/ 012946
Al so, many plants or factories have bl ow of f val ves
wo bas/ovaos out of the roof. A single plant nmayPdiEUS2004/012946
nunmerous vents with vent exits being nore than 30 feet
hi gh. However, using an infrared canera systemin
aﬁl@‘x@ RIRARES arW'wE Ble grﬁ%esggp?e?&mg ﬁlt@%@ ﬂﬁér%ma@?oﬁgasgase?ﬁb ﬁehlﬁr% from the

vents na qui_C surveyed from a di'stance
gf°““d1<°rﬁe 3 bpgieg lipfd, T &Pagé%ﬁ{ﬂSe%AﬂP% & PP F0u5aF S g Tacted om
video régoiding ntghxohakt 1He Aldpughfsorsetitnevutfficultid illGstraté @ stifBiynals, the movement of the
leak é/a'n?' Bl HideDEREGLES ' % !
o HEH LOSBGELE ol e DALY e s
(low ﬂ%@%} t}g‘,@yaot ShQVHWA ip pRS s@l}- Bagfcre ofigh qi}sw seepeé)@d/p@@bpcause the movement of
the lead Sr&4aRE Fin2kcad 8¢ @erf ih@RdgE. | Or | nspecti ons may be usefu

for a plant manager. |If an inspection is perforned in

ls %Q}R 28 g‘e mges%gtgﬁedl g%(enllb%dlrngrg nﬂh% %r{t]mkfgm?%showm%a %IS 140

sequent survey ocunent e
‘eak‘“gﬁvmuaﬁgfbréﬁ%ﬁfsa ﬂafﬂ"?é”p‘?“é‘i*?tdlsﬁ‘ﬁfgag‘éﬁr T@aﬁq‘teh‘@r‘?f eresnin H@g 24A-24D
were exfradidddiomtalvRied BakinYVAS gd3 @M Bkredn@Rdomekt fRkgei1d2.is a re 10
occurring leak. In yet another nethod of using an

eﬁ'%? CQ”SX"%H) argfm g&%btglﬂe%sbg nr'i errllblggl%q"tt ofqﬁ]e' dpreggny %venggn sﬁwwnﬁiﬁnatural gas

<metha'EP=E\3k 1&915?5‘1“% ﬁFB'é By cﬁ@igfadrlfﬁ lwhgeﬁa\m wﬁsafs@rewetnls 12pspresyure. It is

an unde@g¥6lin@) bds Gkd (ot shoSvin I QulBsugh ME e eldud(‘cﬁﬂi@tﬁ@e $403:5(ﬂ|’1@ tﬁ@hole in the ground is
somewlga?&g)err%d%gd (!l Eﬁc%e}htg se{él ’3& eo sl;;xll fu.rr‘rleaI%gsoo%‘ %(Glts 3% [? L n Fl?lgct:el;x 9n tge vncleo due to
the mo\@meltt plbe qlovg 340 Iﬁ‘@teehvthﬁtah?n@ms q éacggrouw olj @tmate@aw tydigeérg and

focusedGi® TP Bl Bvide¥ Ol Hdhiald€inipROIIBR R datek D f FRARAUBAS 40 Rldnk ifURom
oxi de, unburned chen1ca|s etc ). Such |nspect|ons by

OB SE T il ALY AR PPy BB LB  eore
V“ﬂw@wﬁp¢Hﬁ%ééﬂwwwhhenﬂ%ﬂﬁhh@wmathUMagcammmmne@uhambawmgpbm
Al so, government regul atory agencies nmay require

I BIGOS b ﬂgﬁm hagh HLSRARE by ﬁ@ﬁlb&d@néﬁﬂ)f Eh%b@éeﬂﬁﬁ*'eﬁtﬁm ‘élniae&tracteﬁ] f¥m a

recordeﬁ élrc]eo sequenc I!: IEG%? shoE\il:sIFlté%]s WOH%Q%/!}? guggﬁ{& eétﬁrgi lélfr%lt’n%rbz/lldmg roof
148 (abpytg{y &Ietl hjgh)atThtS m@ewwbameﬁs aptremet moune kel ViEs ghsrflowimg butofithe vent

146 ma@ bPHrdnPd b1dW S SheitiRbis Eﬁatﬁn%% fhe énbﬁ;nmktn iR %? bdffdi&tive of a condition
ai red 20 |Qﬁavélne %Wnanner gover nment

““m“P8§ﬂfﬁ€%?Vg%§ §8dreV|eM/a series of test

vi deos to | ook for unrepalred | eak scenarios. Thus,

t A&s.@84 pl 288 aw motesmmet dvodied nfan esbadgneatrvf @rbedntrimaitionfind exiracted
from a tebBdeR R/ﬁgbes@&ueﬁc@ Vﬁﬂg hen andb@@!ho%%apﬁm*ﬁﬁggé%lmte ghcﬁhds tl‘ufk ata gas

ernment regul atory agency. In anot
pump. S’Pfég'e‘ﬂ? JPRdarethgges | ‘%R}‘é‘PmE Bioikke gpgipnkoh i@ fupkel can beé%emu“ above
the punfpl handik withallesiuclomrd as theetadkgloend. may be easily found usi ng
an enbodi nent of the present invention. For exanple,

0 F‘lGazd-s%\%%n EZ@%S (I)ftpro$ﬁ'{e 1 46 &%n@?ﬁ?pat?eﬁ)o{tlﬁ nrlﬁﬁesfcggtk Q%\{Aﬁxrftroalét%ctmg

for rusting opi n
propane, FIG i Fope gl a8 SRaUEE 64 1ORTIA!IN) fom asompsners dgeprocessing plant
The lea bifpe@d @ Atfairt Bladke vy &10tihiBe gage. RNk S rdiaive smABRACt | on, as

the engine nust be renoved to get the gas tanks out of

t pl%s \é(?K' 'ar?dlﬁB alAI rﬁages A Hon?? eﬁco% rew% oPdr a%&%lt% qr hlsetles ngropane

| eaks at g ssure and ressure ue
bottle WakpReped, a8 Gyf ! a%asléa Esiyi IR EIS ﬁlrf‘eg\e PIopAne HisfrbiOgan heﬁeenwst fhe infrared

camerafsysremsat ¥ OBy vﬂhﬂ@ﬂhﬂ&hb@b&r Mﬁe%@ twardBd tedr GRHKt DXkt B Brots. FIG. 31B is

amore fa cﬁnsgc!;.}n 0 soi?te}fﬁhm%ln otrfa% lIJJS(,) a# odst %gta'&c%h a’ht*‘%%é’é’(ﬂ‘ga 1?\5 Nofgghat a person
150 calé??ﬁ%?d ptARsinE next tottheepropane piraany ém and mexen & bwoh 1 126y Flige3 iBs edsof rote that
accurately pinpoint and find such | eaks. Al so, such a
nmet hod may be applied to locate fuel |eaks in other
vehi cl es, such as airplanes, boats, helicopter, and
personal watercraft, for exanple. An infrared canera
system 22 of the present invention may be used to
| ocate refrigerant |eaks quigkly on a
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vehicle. Al so, an enbodi nent of the present invention
may be used to | ocate gas or refrigerant |eaks in hone
w@eooshooishdi ng HVAC equi prnent. 35 FI Gs. 23A- 3 | PEI/ESB04/012946
sonme i mages generated by an enbodi nent of the present
invention during experinmental testing. Specifically,
two rcF Jls@@n be%&ﬁ'ﬂﬁ‘l@s WEA ﬁldgﬁf]e\rhﬁﬁ 1&@&%& Bcﬁntg AHEIR&r Ble location of the
nt (see FIG 20) having an optical bandpass
pmpa’f"’”‘fag‘r 5@6 with a pass band 80 about the same as that
shown in FIG 4. -22 WD 2005/001409 PCT/ US2004/ 012946
F| Asadvap@ge f 3enzhodiment of thd mesentrmgasion; spﬂlstsa@stdtni thege fmakdsef Bds. 23A-

31B, ik Mhtofénakt vabBRERI A8 sufro®af _I_%i-bﬁe?trsnlgﬁlgag l:]gzgly (LM kNGa &Q Wth the leak

uried Ii ne
o St“‘\g"f‘ B%aalﬁegméﬁe A g'é@wé%agragﬁfff@ae Bl PG ok s octd
and aiggt dacahangngahe lbdiiusing bdek indag@. Al t hough soneti nes
difficult toillustrate in still inages, the novenent

Of 1n b RGent & @*‘an%&xﬁ(ﬁlﬁx‘f@na& Qxe bx@seﬁt uWeIQf%Q b&égﬁw BYEPA th comparison with
makes the | eak 14 nore apparent. Very
other lgﬁ’%?dl cal

BAREBS (i 5P M5 WoR “eyreSfIﬁ g LY e hoter systems.
After Biveestdefotelthel UREA, sawel DERASRgubE s by ege@dl th b réleasédd® Ehe end of 2004, or
shortl%ﬁgr@alﬁ%alﬁ)@ﬁg ﬁP}ﬁ@ Ug%r& mﬁqred cgugg‘a y%t@rks 3 &Jrl%%l& al lgaH gﬁvc'eyg algnis

e seen in a vid es o
demonjirates BB rHHEe '6?“5‘%%3‘ PPt failed et ey tarp s\ emiedizgent of the
preserg) mSenfi¢hOs noweskeitafgififir om a conpressor at a flange 142 on

the di scharge side. The sequence of inages in FlIGs.

24‘ﬂsozélfgr thé"@g EP@ égtrdgsgltlb%gj ?l{oceoﬂ}:rgaﬁiggeﬁ %‘b&gﬁ%ﬁé nogrﬁérﬂ%ggﬁg'odiments of

streamn fromthe ange
the Pr%f%mwwﬁ‘gj@gd E?bfeaﬁlqﬁwmsyn e o A [Fhie desopstrates the
commenaiIeidcese ﬁhngFb@Weiﬂgldaorlaﬂde[n&hts gk prdsére inbanay) and ﬁ)ﬁl@rvlcépusmg

I rew cutting a 1 1/2 inch gas line
embdlﬁa‘#& hggresegtcri;rgfrgllo§/ 12 psi pressure. It is an

under %r ound gas line (not shown). Although the |arge
c| BGB=dHustrrtes b eehematia of adikst dyahrgmerh embpdimentiofithe preseqjrinyentin. i Ryis system
includseswhidéo dingpet, s8idh ﬁﬁldmﬁjdrédf chrﬁéﬂi iystErﬁ)wﬁlEeﬁu o'pfbat lﬁﬁ‘dp&ts kiltdr 46

(preferagg%stal Cfg in eirefggeirzﬁedispomon B t}rlletreog H e ,tCﬁ %L?r 8?113'g1f2f8n) N?)efxgld élldg‘,o camera

noveimne
154 (¢gh arothehipfrirerecguga Mtelb)a@Mglpgwmterdléf addnsasgemblyd 8% ynd ap image
proceﬁérﬁ&@rﬂﬁ 180 drhd 2cdn@ Qid&)e‘cqmérﬁ] 154%%/ B¢ dng in'ﬁ‘;i’tjed ééhgr% %te%ﬁa@&n obtain an

%r {N OVIfE ng.a 5 where the

image 8Pﬁtlﬁ:dal? t e thigrs egﬁan}ef?&é eTIBB?cal?ngéddo Wwad 54 may be an infrared
camere pitfodlicrren thataf witl he imape the kikirgrikardal. Ghe tisdidex tamaeed ah moared
camet‘fi‘acfa 9(9[5 dide aWle?éa v%@é:ﬂ H\%@&(ﬁ a cl%tn@al l%@ b§ ﬂ%%n é‘aﬂca@%gﬁpags%ter 46 for a

emanati ng from a onent
Spec'flc‘ir%*& Baélg PhG-8pPahitand 80pyitya “2‘?3“1“@ 5?!‘@66‘5%3‘*1 aﬁﬁ’@@ 3é6tﬂéﬁf Heg For
examidy tha Arsenideo dimwer? maf be dneofpnee&emménwenkdemﬁbom@he e g FIGs. 1-20). The
first vgécf)c\%l\ggrg %:Iyr rgcg’eg?t# %V%VIQIE] ?a}s\éﬂr%qgcgr\]/ivﬁcgy ? r]ce::rea lif ofi th% sama lens 158 via
the impgespHUgr 156, T*H.Vh*@o Sr‘&B‘élff“’mZ’@ChI%m(%@a?utB’OtOﬁlt?emagh p@he)ssor/recorder 160.

The infdaé ﬁrodeﬁ&@-@co\ﬂﬂﬁl 60 blﬁ)&dlrﬁ}ﬂjdre@fd tBe 1B rvﬁ&ﬂfeéﬂﬁ fogfaﬁﬂpﬂgceisﬁg €t an alternative,

the i I%lgarogggog/];ecor fil/‘g trﬁagt ] s stem e, ij Sa??mr{aute{ sgst%rﬁ élmépﬁ/sioft\gaﬁ?@hqrocessmg the
video f4) etsperiplizadidediaadd mWavéorwrocasnwrmw videp feed$. Rrdfextbly, the images from

the se&ﬂmﬁﬁaﬁmeré:@u Sie REmdahRE tomleqmlég\fﬁfiréﬁﬂhé ﬂ'staﬁie@&ﬁl@ﬁg2 by 4 FRware program
obt ai ned by an enbaodi nent

and 28B are nore i mag
r““"‘"c%f“ ﬁ"é“%‘?res%séf‘rﬂ BefRysfier v a'ﬁbe"@%]er JEhnaiiprept ip e image from the second
video raarldé thewieska e of the s pmene sHelvc. the2@Ared ohg? Bidn Sib Giat AmEFALR may be
detectmhlme&@ﬁlQﬁe'tQ@wh&tf&dbl s truck at a gas 25 punp. Note
8B that as the gas is punping into the gas

3 H‘H as funes 140 can be seen just above the

puRBiesmReflimentyihe foftwaes may gramatically anﬂfw@d BarRgrEReptions jrgghe images
for th@Odihows carespondigeo Ok gBpapaimehelidithredXrhdgt. Mhes) tHR11042A BRhe gas plume

bottle in a test of the systemfor detecting propane.

FIG 30 shows an inage of a small gas | eak 140

emanating froma conponent at a processing plant.

D4~
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The | eak appears as a faint black cloud 140 in the
image. This is arelative small leak. 30 FIGs. 3l A and
w@1iBs5a0€09 mages taken froma helicopter flyi ngPOWES2084/012946
test site. In this test, a propane bottle was opened,
as in FIG 29, inafield In FIG 3|A t he propane
(the d%rrel%%f}wélleH }'}1@ ﬂlﬁls?f@d lﬁﬁgeg ¥, IQ kP Gmb %h%gﬂedco? O%5r& 1o make it stand
system at’ et W pter 1s nmoving
outinghgfaagel t he test S|te at about 60 knots FIG 31Bis a
nore focused i mage of the propane stream 140 at a
c | @sieally] tistiraage groteksariredordat 160 maythe@omdilniddbly MNaipled tolatde@monitor 162

(see FR? Bﬁqu/or%ggabg n 64p Bor §)§1§19!e f@n ﬁjwrg%ﬂ&)ﬁ%%:%% geggeg@({r Qaggtor or

tream1 néxt to a

mspe%fOevwwax O"eZBmWfZ*GO!B?&?MAU)Qf tedmpeesptgud whigsive the gyegem 20, for
examgl AUS dataBive DRy %0 a zﬂreﬂr_tknﬁiy or3ekhife fanAk cdflecBd vidddi ikkes and test results.
The fi { an%{ Eegcﬁld c%ﬁo&% 229%}( rga 9%2'6 ge %gsn d\ea)r(mgt?ecr)femlgola?nelntot%ea ltrAage splitter 156,
lens I@nﬁ@tﬁaﬁﬁﬁp éﬁd secied q@m@% Eyftmay h@/lefﬁm'bm‘acedsmtmnIa@@sl? prrielle ynyt.
Likewlsb, @1e8mAde BRESsoffecdrdet560 (- 3dne p%lll_oxBliherle(ﬁ) hdyat piadell @Mhik M6 same enclosure
mongg& agyg e@QQI g%ggunq;ng obj ects can be clearly seen

I'n ChE | mage al o FPRPRE 1 eak 5 or stream of gas

140. This can be very useful in providing a reference

orFIg cRtisndiowgfartWpeshevitgra illuataive metfiod hatreat be pdifoningbmbpdiment (e.g.,

the en(BOGMERE oA B FId182) o2 8k pldehin eMiofl €I i FREARS of HIB. 33, tﬁeelﬁﬁgé!& from both

cme S5 Rl SRR b Y SR ar i R S B o
33, theynagee pipothichrecras map bk sheguitbefofe btiheprgreesiesen thongk ik poressing may be

perfor&@@ﬂﬁde?ﬂatgy ;h@@gffep%ﬁtﬁlg et Q‘rk;ée)ﬁnla fr%?:{) 2&1?{6551&32 at% éooﬁ'ﬁ)arg{]t'o fientify the
w ul | S

o et i 9 e B s Bty of G4y o 8 GFregiye deniid an
mappgiivet Thymipp@rdif&fdes mayahdndandigd © dre 1mdgefroxs the @fcond Riread 1@ @rovide a
comp&mlé& %)’sﬁtvﬁl%dlﬁgelﬁg fe%ﬂ'&ﬁéh %l‘éalexcleﬁl I ﬁngﬁe\[e%}{%ed ﬂnbé of pixels

denonstrates a ? It needint ustr
withindpe{mpge. dfiscine f“avq“@er P‘ba‘%é‘tay betFeseter grnotf a@%@m Pravpecisr of the
suspedtdii@ieteqiibesf@rheniisaviet i on i s now able to fulfill. Al so,
after the US EPA test descri bed above, there has been
anIn QMepﬁétﬁ/og Jﬁlng”ﬁ&qn Fl@ir 34e {EP ng‘llrggslnlta% ﬂ%tn theg'nsq CMC%%? nJidhthe composite

i nvention an or serviceés usin
image A eiitordery o eiapple. theripfeare é??@ﬁ%?m e &@t cPIRE M8y keaprded fi regord
keepiiBUE RAMHSIn &ntdm@dlﬁaltlmﬁgéﬁﬁﬁh%vérgﬁe @ﬁ‘fﬁ&d& 1H‘ﬁiktn$ay®€ prEﬂaleed for rev1ewmg by
the m%%c??t%m; fo{f sgl}éieﬂ% 9 {onsf aosrlt I%Sréé)lvégéolqlfl ?Odl gPra (ﬁhe‘g‘wsualmsr3 audlo cues to
help t%ecfﬁéﬁmﬁtfp getief ld@tlfﬂpptsrttla]dﬁ’éﬁ canmer a enbodi nent of the

present invention. This system includes a first video

C aletPandtBer malRbd; DivétSte@ FIM1HB5 ARG ehe 6@15@51@ iR tnﬁme%ct)hecﬁdﬂd the
processBF ofcil% 1meggtaep 1a£)y %r;o(r)rﬁed iithf ﬁnaigeég fa colF tedb H)(l)g%nSt f%lrnlp?e}gry &alﬂ"fer memory
(e.g. @F}ﬁ% MBH‘\Ml) m@»nl)e used dyre Sreairogisden canera 20 154 (e.g.,

another infrared canmera system; an inmage splitter

1565, 3 sh&Rs sﬂ]%ﬁﬁbﬁbdhymallé 8),r alﬁﬂgnﬁlr\}e $yEtB €0 where the i 1mage splitter and mutual
roc he second Vld %

lens aF% not eSdS (H;u/s rtE fr?t é:larmee ]29 re 1¥e§ 1t§V§%eé Fﬁp?rﬁgi/ g@gﬁna 6&6? ICﬁmeéan154 In this
conﬁguma@ethﬁ $eeqnﬂtc411®rasléﬁea>t lypelszbfe ligle n@neges fot éxemple.rJ6. A7isbeo an illustrative

ﬂowc%rmf ﬁr azgetho-gh\ﬁerg e %@Qm‘éb gﬁ@G C‘a@ﬂ%%yf Bk ul'e%A’ TWetlQ;@ o?tﬂe FIG. 37 flowchart
ed canera with filters so that it w

may ﬁ%{@ o BEHEATHES O HE ASE(D FOmAs T o tond GimsEingh 454 oher
embodimergsr(nat siforval; eidmonaamxa(_s)ad@mt esdd #sGve (eQ, it c@inek4) C N SRIEb image from
the seydn§ Vi@éo chrg%gﬁ4g‘ray sh i iﬁlﬁllzagjidgg}ﬁlageyfro%s‘tken@st% merangééaure -in-picture)

pass ter specTfic pass
to prO(“ée agfeferepféwww ofulB@wllee Hehihianpes) fonthe nfrerethigresecieont the fise camera 22.
at about 3.38 microns). For exanple, the first video
canera 22 may be any of the enbodi nents di scussed
above (see e.g., FIGs. 1-20). The first video canera
22 may receive the sane inage as the second vi deo
canera 154 fromthe sane | enss158 via
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the image splitter 156. The video signal from each
canera may be output to the inmge processor/recorder
wd e@s/ooihie | mage processor/recorder 160 may siPQi/ys2004/012946
record the two video feeds for |later processing. In an
alternative, 30 the inmge processor/recorder 160 nmay
be a system (e.g., a conputer systemrunning software
f BIG. P bowss illugratiteelowetiad @4 fohet ngefhod bf an embodiment of the present invention.
In this 1%9@&1' ﬁlalaﬂ#gé}%%g%@r&ﬁgthp @Jnﬁi Mgr?off rQE[gethroglctﬁeSfﬁ%t ] st:&ﬁd Jaﬁ@ras shows

f eeds erab t he |mages rom the secon
Sufﬁmﬁ\vi ddféeae"&eaﬁ@ff%\a Preslatergyingd %ﬁ?féﬂ &8 ¥7 of PiKels PHEEO! pixeitrnynphgr of pixels

per ared, ietc 3 br moivehaot i irBriage 2&@n My fidt caoérs IV ischoih O indage fréml the kddghd camera
bR 1B icPEPMher system Because a gas |eak, for exanple,
(see p‘ﬁ'not %%pear in the image fromthe second vi deo
canera 154, the presence of the gas plunme shown in the
i firapofPes mbofiagE qnF SRHORYEMPYIfed Cames {8 ol SiDengiag ropR) mayde used. Often

in certathekaacdfe glagtShese ichafely@iorenet (k.5, tolpeoplemving alo0k thea@dhS mosk fimes) in the

room ((9%? @rﬁpgegﬁ %&h@ah? eIn%ﬁ%il %M?ord &qut%{e %ﬁ% qggg‘i)é ﬁé\l itorkd b hardware ora
°°mPUFWSt1"h‘é§@CC6WP‘fe@?’é ﬁttéf'slmegsr Pecayse el iige '¢ & ltlﬁf?éedgwe Eﬂk?m'éth an

infrared €ambra Eysteﬁlfof i e@BodiHEng the mbla@iant riah 8c daBYBy Arherkibt® 1e@@Thus, the image
may begf"#?“éorusel Q é)erlo\séﬁga]\%nmomtor% é"rorrgov Pn%;r;é ES %Qt%g'léfo :,ll\%fgal‘lr@n mé bg ?riggered when
moverfeptissietegteiterler) anogertprghihg gxmeeteri_ lepk. Elesh Sheetertter oppivigwithe video image
(past oSr36H to QW IftHeR idABethRYE. Optional ly, ot he i mage
processor/recorder 160 nay be comuni cably coupled to

1 é Zthou embo n(t)ﬁ of gﬁe {frﬁsegt mvantlon and at F%trsoT%éf?t:T% argag‘ésﬂwg\%:ggen
describpin deml @pjwldbmndmwc@ thahvpetmc@nges subgtitetigng angd altgresiony camigerngnde
herein thhoﬁt&%pa‘r‘cﬂ@@@ﬁ tHe Epn&’tlahd sQ&petohtﬁe ﬂnVEﬂﬁﬁ%s @eﬁﬁe@'bp ed aﬁ/ﬂaﬁde@clalms

system 2 e dat abase be
Moreol7 8 e & (R BT PORSoBE ot BTGRPl EPTgt agbodmens o e
procesy/ mgkb e, inmaf@sira prthpbsitih of r@gtal, gans, méthedsfand sdps deactibsdia dradpecification.
As onecbmﬁe@‘?sk%?m thl% wmé/adﬁﬂﬁapﬁr@@eger fﬂﬁrﬁhgﬁ%logtﬁec'of t}le ?regéﬂplk\t%ﬁﬁon processes,

enbodi ment, the img litter 6, lens ,
machm&%\n*é'ru&lctzf coalﬁﬁlt%coéﬁaﬁ%aﬁ%\s @eﬁ’séf PiPSRICSFTHY £%jitine pryjater to be
develojd at® plrfaint dubsianaally ktha gdne fipefidnabickicweitstantlailk@¥\dase resilne the
conesdom%mggﬁ%geﬁgggsExllbreﬁﬁ:eQeruglﬁ% bé‘gtﬂézgaga:c]% ?&gr @9 Er%sg%nnv'érnlgrq € cfcgrdingly,
the appg Cl?lawe igndeh @ pclide Vitietheieope Frsh Brygeﬁseaﬂnmmeq:m@ufas@re
compositfonlofima@ohdans mdibddls, shasps.ng an il lustrative nmethod that

may be used for an enbodinent (e.g., the enbodi nent
shown in FIG 32) of the present invention. In this
nmet hod of FIG 33, the inages fromboth cameras my
be recorded in the field and |l ater processed in a
vehicle or office. Al so, using the nethod of FIG 33,
the i mages of both caneras may be stored before being
processed, even though the processing may be 15
performed i medi ately thereafter (on-the-fly). The

i mages from both canmeras are conpared to identify the
di fferences (see block 170), which may be indicative
of chem cal |eak. Next, the differences are identified
and nmapped out. The mapped differences nay then be
added to the image fromthe second canmera to provide a
conposite imge. Al so, when differences are identified
(e.g., exceeding a predeterm ned nunber of pixels
within the inmage, detecting novenent), an alarm may be
triggered to notify an operator or inspector of the 20
suspected detection of a chem cal |eak. In another
nethod, illustrated in FIG 34, the infrared inmage
fromthe first canera 22 and the conposite inage nay
be recorded. For exanple, the infrared image fromthe
first canera may be needed for record Kkeeping to

mai ntai n an unnodi fi ed i nage. However, the conposite

i mage may be preferred for review ng by
-2.6-
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the inspections or for studying the inspections, as it
may provi de color coding or other visual or audio cues
wo eoo2botaed p the reviewer to better identify porPenUsRD4/012946
| eaks. In still another nmethod, illustrated in FIG
35, only the conposite i mage may be recorded and the
wHATrIeceasving 1¢f the i mages may be perforned as the
i mages are collected. However, a tenporary buffer
menory (e.g., DRAM MRAM may be used during the
L prdewsyinfpredringra gaem #ionied teprovides vishd! depes eflaesheati¢abenfapating from a
compéRntAhiRRahdmicl ®ysihBm@Rinyher e the image splitter and
nutyal 30 Il ens are not used. Thus, the first canera
22°¥8teives its i mages separately fromthe second
Cc anrefrigerd&lportiomcanipiiging theoawf | gur at i on, the second canera

154 nayanbﬁ‘ra@ed\één%r Ia!:\@ce |adagt@(§ to @@Waﬁ mﬁfalgﬁ infa tﬁe letks! 434
37 shows an

net hod

wher ot Renypadie B0t islons oy b Crrekd e ng s
sensopdevitd)@hdrdiiGit 1€85 pdrt dfapdsaband fomayopltierl baadpagdilteros ywirhinznclgsogtion band for
the cHefe@rd4 ng of the image(s) fromthe first and/or second

cameras 22, 154. In other enbodiments (not shown),

adtietiegian SYé'ﬁﬁéi‘aateg o cfigl {he FrEggraisfPsion REhe infrasedpamert pystery

camera). A video imge from 35 the second video canera

15 1 I rst
2. c aﬂn}{g?ﬂ%@lﬁ?&i&%\gﬂ?@y&tﬁ Q? cé?ailxu b qx?grelln q]%ge% %{agﬂm gb v{omlplS ises ae chamber
adapifh teifadiagd nirpgsnl  col or visible | ght i mge) for the

|nfrared i mage fromthe first canera 22. -25 WO
.14.0 S2004/ 012946 8 shows an .
ﬂ s?xa I %aerg O%I\#C gtF g%a orhergm %ée trer:?;r&grag?n sgsrt]em comprises a closed-

%ThéWﬁmﬁ¥“@Wﬂﬂcﬁ the present invention. In this nethod,
an alarn1nay be triggered if the conparison of i mages
4 tgsef rst. ang ggcogg ?n% . %ﬁ sufficient
' Feneé % 8VE* &°BF 8efeterm"HEd 'Ft‘i SESREY e ggmprises a
cryocem‘e avsvsm agipted fogeool the firtfiered ephsopdexied @d tha wprvd bargpaspiilieelos temperature
belowlBbut ddog@, €etc.) or novenent in the inmage fromthe
first canera that is not in the imge fromthe second
camera 5 (see block 176 in FIG 38). In another
5. enbedewieninfraraimemat gt nfilam Mot the passied iafr{r&l oigmera iyb’terﬁm portable
and flﬁmglc&ﬁprﬁ&qgﬁe%ﬁaﬁg to%?&gjde ge‘f %pt Inﬂargcﬁcrahxg‘la g&sé{n%% % e o@the
there 1s rarel vene F g., ho people MoV
mﬁ”ﬁb@ﬂFaﬁﬁ%mfoon1nnst t| nes) |n the room (other than
unseen internal parts). In such enbodinent t he i mage
6. rra}l‘he?;?smnp hsrch%gergyyslﬁ%%pé{\Ia&? fMheFom rlsggJut er systemto
. Because the image is an
i nffaeed i mage taken with an 10 infrared canera system
of a @Bulm@oﬁ'ﬁm&ten&h@frdmﬂ{@mt angBY be caused by a
éem“n? ﬁmnmug the i mage may be continuously or
perlo fo%ed for novenent automatically. An
al arm may be trlggered when novenent is detected to

7. al @]fetpaﬁﬂe ARSLALRAEr E)@terh Iaﬁcla?'rH 3 Qﬁ%ﬁc@m&%ﬁﬂ% a ﬂg;rb%ﬁbl scte@r?adapted to
vi ew the video | mage ast or present)

dlspla(yéma§&seo% ajneq %é‘i‘eé“ffaéedéﬂméacsﬁ’ﬁ%rf durl&ga%e of dlneyi HE%FQ |qamera system.
enbodi ments of the present invention and at | east sone

8. of T]lle p%ssi@g \ﬂﬁﬁgcﬁgﬁg‘ra M op(ﬁae?rn 7 ]té'thglec%ﬁhjlsp] Ilktrt' slge% @J:ated pllo;umate to

shoul'd be understood that various cC
ﬂwS%%%@@PWBF?@ﬁéh“ﬁﬁﬂmﬁﬁﬁﬁﬁéﬁﬁ%ﬁgﬁ@ﬂﬁm%@“ e herein

wi t hout departlng fromthe spirit and scope of the
9. I mﬁ?e C?Essge m?%read camerg gy%iteg { %abnq 1 ?@grgﬂ { aBmflll ca as(s) filter i g ada8tted to allow a
transm*ﬁ@nemwr then @eutl‘lﬁ"moft‘ ipfparaddight h@wm eouG3i Pl andbiodi mmmsto pass
theref®foudhn€ process, nmachi ne, manufacture, conposition of

matter, means, nethods, and steps described in the

specification. As one of ordinary skill in the art

Wil readily appreciate fromthe disclosure of the

present invention, processes, 20 machi nes,

manuf act ure, conpositions of -3fatter, means, nethods,

or steps, presently existing or later to be
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devel oped, that perform substantially the sane
function or achieve substantially the sanme result as
wo bws/oeany espondi ng enbodi ments descri bed her ePer/Dsz00de12946
utilized according to the present invention.
Accordi ngly,  ‘the appended clains are intended to
include within their scope such processes, nmachines,
manuf acture, conpositions of matter, neans, methods,
10.  offhespasspys infrr§d cap@raVySemP0 84100 1408 inPETPISPRAdAR fiRG AGidapted to allow a
transmMg&&r%ﬂMQS%@f méared%gp@&%\eéﬁ%béupfﬁ@ﬁrﬁ 6hdG8A®EB0 nm to pass
thereth ﬁ tem adapted to provide a visual inmage of a chemca
ating froma conponent having the chem ca
therein, conmprising: 5 a lens; a refrigerated portion

1. ¢€ qm)ﬂaksﬁf'e Maﬁﬂ&ﬁﬁ}a@ysﬁﬁ de E\Lﬁ@@t@reﬁﬁﬁbﬁ%s ngg\ég&ggﬁgg%ng&ss filter has

2 Ce“tebfffve@'%ﬂth Ipi7d peyesn f‘fiol“t%?o ‘]“kfé‘g\f‘t@lf 35‘1)06\’7@ an optical path
between the lens and the infrared sensor devi ce,

12. V\ﬁ‘ﬁer Lsﬂle ?iaJe@@aﬂeraQ%Hn o@&alﬁl Ip@l'?éﬁenpt ss bgl‘[d Jf!ﬂ@ [?ig;rl ib:ﬁ]%ss filter has

gass hin an absorpti _
a Cemef H@ve PRENPRiEH betwyer abuildty st ahorGAs tvéemna@amn@assﬂfer is adapted
to allo® @almsrhnlmcf gbdidr g so@d0% of ihfraddd 1ight bétheeniabul 76 L6k @xﬁm&fua3395 nm to

pass thi r¥t§r rlp wherem tE ebapda S5 ﬁ}{e? céx{]pﬁlgegg 8pc0{1 E)r)‘a{leasu%yrzﬁ C]nerem the pass band
I‘ I geration s

h%afﬁhﬂﬁbewwﬁaﬂ@mv@HMF@mw@f@mwlﬁﬁaaV@mﬁﬁQmmgen 15 3. The
passive infrared camera systemof claim1, wherein the
r eration system camprises a | osed- cle
o R R R Fel GLARR T LS Spamaps e s
a centeg ywbmﬂdﬁca@ﬂ bitwaen abowi$é4(ginrand keutr3@40ring @hatin babaymesditrer is adapted

to allof Qmm%e B ik YRGB %{m&msr%@quptaﬁ&iwﬁe%m@gas 1B has a full
rared sensor device an e optical bandpass filter

‘MMh?g”%mVEWﬁQPE?HW@“tﬁ%P&thﬁdﬂFtW@GmK 5. The passive

infrared canera systemof claim1, wherein the passive

14, | rﬂg AL mrzﬁga@,eéx&temmmﬁ%ﬁe?em e pa%rﬂ,gndfowhfe B';?ircal bandpass filer has

rises a batter 8 provi ower
a centt Hpelsedtbe PR S YR B @Plftﬁgolaglewf&relrttwebaz@ass fifter dgradagted to allow
a transDAMARE BreBy Sital BBout0% hhi@e @AGSIav@enithfah@ivEeki CRAREDasWHEE £ width at

half mg{lmu%{ %n mlédnce tHat S I%%s thanoagputt iO%eS a frame; a

er-rest I on ex 3|ng fromthe frame; and
30 a handl e extendlng fromthe frane. 7. The passive

15. i nhe @Esﬁ@ nﬁ’l@ﬁﬁ Eatefa)s ke Bf @lfnmql @hé@mlthe lflﬂ%[rgdrl@fsor(a@\rmrcblﬁﬁrﬁg an Indium
an el sc
i e RN 6 TR o SRR nOT T A ekt vgpsemtly

t he |nfrared canera system 35 8. The passive infrared

16. Caﬂ@ﬁgagsl\/%Yrﬁxtal%HEa(ﬁ'fera(&!/MfZlalmfluaﬁe'%ﬁfth&ﬁ%ﬁdﬁia@ful@wﬂh&hﬁalfmax1mum

Ximate to
transmlsttance that is less%a boet 6%0 nm.

17. The passive infrared camera system of claim 1, wherein the pass band has a full width at half maximum

transmittance that is less than about 400 nm.

18. The passive infrared camera system of claim 1, wherein the pass band has a full width at half maximum

transmittance that is less than about 200 nm. "

19. The passive infrared camera system of claim 1, wherein the pass band has a full width at half maximum

transmittance that is less than about 100 nm.
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the screen and adapted to at |east partially shield

the screen fromanbient light. 9. The passive infrared
wa@ 20080148y st em of claim 1, wherein the optical POBISPaEE12946

filter is adapted to allow a transmttance greater

t han ‘about 45% of infrared |ight betvveen about 3360

0 oA AR B BT D BB R e
‘0°atedhqwemaé®té1&ﬁemand§}?§ttéwpom claim 1 wherein the opti cal
bandpass filter is adapted to allow a transmttance

greater than about 45%.of infrare bet ween a

SIS Pfe TS D00 5555 Mo SR et P TgH g e
locatedTtiyevepneebsit §290 nmfrdabed 3¥WaMBr a system of claim 1, wherein

the pass band of the optical bandpass filter has a

center wavel ength | ocated bet ween about 3360 nm an

a g%‘ta“?&di’(ﬁrarﬁ?eﬁ ’?Sysﬁeﬁ‘e"fﬂﬂg‘s‘r\7‘&“1"H?erpé?sé’a“dcf‘é{ﬁ@r"at‘?wé’?d@ﬁﬁs filter is
locateddfetwe¢naabent 1300 wh endsabout 8496 npass band of the opti cal

bandpass filter has 10 a center wavel ength | ocated

bet ween about 3375 nm and about 3385 nm_ wherein the
23. baTH‘iﬂi‘é%@ infraned @meﬁaéy5§@£6f'@8 I, whsreip thegpps fand oy ileerpptiqabligpdpass filter has
a centeg va@leggth Ibdaet wakio tit alB@8encd bandfbr ther dehmitdl.ght bet ween about

3365 nm and about 3395 nmto pass therethrough,

wherein the bandpass filter conprises a silicon
24 diThshagpeve d\ipse paee sysercPl GlpiEr levheraHbe qompaperl; drselectqgdioma group
consistinig lof a pipefld ddmpiessbrgthnf eng’ﬂ?é(h Vﬂll\m atobﬁﬂﬁdmattzinﬂ,f&(éﬁlt&lhﬁ%sefﬁlr agitthng, a
connec‘io; a{?-los?%bag a‘fe %Oexlpaus_{ oéltl?: amachme avpnzf‘??gl\)/loe\%lo t/z{l\%r e%corr?bma{lons thereof.

opti cal bandpass fi I ter has a center vvavel ength
25. |Q§@$a@sd/ekﬂ%x\é@%eﬁk§%¥gn o 3%B: INWheRNth LBt BRioR Rldefined by an

\/\4} ein the bandpass filter is adapted to allow a
interiof ¢f2 deWA fYQR¥e greater than about 70% at the center

wavel engt h, and wherein the pass band has a full

26. W'Tm ﬁsﬁle nrﬁﬁJegl cM?&'sM Jf El@lﬂls‘lnlvﬂ&e‘ri’}nﬁcech&rm@at] cdnﬁ)rlke§§ &bgtmpselected

about 100 nm passive Infrared canera
from a§§p§Q e %Iflg ﬂngfhmleieth% @'ioéfl“ﬁ bytang, }Eé@g hlEng> REPPY{epia acetylene, alcohol,
ethano pethanal, xykandpass, Huiabitel fovaslehyde, 6@dhe pastiay,@lesdh GitlNand combinations
thereoEet ween about 3360 nm and about 3380 nm wherein the
andpass filter is adapted to allow a transmttance
greater than about 70% at the center wavel ength, and
27, WTRE phssivelitfi@rep msraldgunch dTalsimal, vhdrdin thé dﬂlﬁrﬁwzﬂ&omdﬁ@dsﬁ substance selected
from a%%u&g%mﬁégfn etéosl’eu\t}lege(f"rgl]@&mhl?y é)rcl) g%tl r?‘lé)%t:lle gr an, ?c c%rpl%%lill% (9311116 liorgamc
compoprlprdicpmitingdons fereefy ed sensor devi ce conprises an Ind| um

Anti noni de focal plane array, and V\,herei n the f ocal

l.ane arr. IS encl ose n an evacu
25, B b Sr REET s PrS e iRy S agpeavon.
claim1l, wherein the pass band has a full width at

29. hﬁlhg dmhm&f&i cMe@aQ?srtgn; ¢ e, @vﬁ@én thec-‘chlelﬁéeﬁ ccgmges %ﬁ’xhﬂe wherein the
sive infrared camera system of

absorvmham igat ‘Wﬁ é?r[é?“ﬁ "’F‘H%’ bﬁ%‘g‘ BButhdf O a8 ang apeyf FO0Q R Hherstn he pass band
is localva bdtwera xtion B0 rint i shvutbemnee that is | ess than about

400 nm 18. The passive infrared canmera system of

claim1, wherein the pass band has a full w dth at _
30.  helihe Pasveiinfiarer camsTarsy SeASHicRimaln ereiie chpica! eagrprisds aisthais otfrerein the
absorpaaﬂa_aﬁlfﬁk at 1ch§ parthhl@ IR&@&VeM@enl aBuE F0E Bim GRINBSLAS DY _ﬁﬂh,&ﬂieﬂfm the pass band
is loca%g?flftvr\gﬁé%omoer{mnan%aeoutgaéosnmband has a full width at
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transmttance that is | ess than about 100 nm -2g WO
2005/ 001409 PCT/ US2004/ 012946 20. The passive
wo oifos/aei@th canera system of claim 1, wherein thBECPES®04/012946

band for the optical bandpass filter is |ocated

betmeen about 3100 nm and about 3600 nm 21. The
31. pas ?as\[/s)l%e f H%r crai%%g (s:ygtger g éeluxg,avﬁg%lgg}gc Fein] {T]eﬁ]bmpxé\ggse %E’ur hex Hourlde
whereir) theabsariiot bandis@hleastrouial Y3 2@@d brtweameboetd 0490 n® 380abputn! 079@nm, wherein
the pass/bARd D RSRdd\bBrwedMabsk BoEHTERE AbodiBt@MOf claim 1, wherein

the pass band for the optical bandpass filter is

| ocat ed between about 3300 nm and about 3500 nm 10
32.  23Bhe pihiize pazed camerd pisteaobdaio dvhe@insheshadrinabfomptisas ahylepe, wherein the

absorptYm 64 I1sr£t feﬂ?paﬁl@ﬁyslog@@ get\fv&B al;ont% l&)qH &@Lbo%@ﬁ(ﬂﬁg %hérél#] ﬁl«?f)ass band .

| center wavel 9 [ ocated wthint bsor bance
is °°atEf’abﬁﬁve?"cﬁb°Li‘Pllé’08'l’1é?ﬂaé’8\th S09AM. The passive infrared camera
systemof claim1, wherein the conponent is selected

33. f ﬁ‘&rpagwgfnﬁ(%@d caﬁ%@st%%'op(gangf] vﬂ]e;@’n%’ck&l&f}%%%i&}(ylengQ'herem the

ine, val ve, da contal ner
abs"rp‘r"ég@l"\ﬁcﬁ least pprtielly lpgajsg between sbopigd A mm@nd abgut 679R nm gvhpeteigths pass
band isadtatedtdaud&iabows 0400 nm andrB@hione nnma vent for a bl ow of f
val ve, and conbi nations thereof. 25. The passive
infrared canmera systemof claim1, wherein the
34 r Ererppggiee nfrered gooere powmiosclaiaf § wher@mbly chgmical gomeriseppropyfeney wherein the

absorpteh@ Bkl 1s<310l8§sﬁ;baﬂﬁny logan 3§weeﬂ_%ut@@§(ﬁin~}/ﬁd kol B0 h, GALEHR Re pass band

1slocatedyb6{weenagout910 nmand bot ﬁ]n the chem cal conprl Ses a
gSubstance" sel BBEET Ot r a group consisting of

net hane, ethane, propane, butane, hexane, ethyl ene,

35. P WWJS@Q%&U@&&&EW&I %@ﬁ%m 0%12919 h Qllherem%enﬁém&l co%ﬁﬁ?ﬂ@éylene wherein the
nzen I ene, , aceto

abm‘g%&?ﬂg 'SﬁéPasa?aggﬁx o] etw%?ﬁ @Oﬁt&ﬂ%qoﬁ&t%%gut R8P ghereipghe pass
band is2q¢tatedTieavepeabgit VEN0) mh pralrabelit tldadema syst em of claim 1,
wherei n the chemni cal conpri ses a substance sel ected
froma group consi sti n? petrol eum petrol eum
36. iyhemaﬁaa@frarewlngﬁ FysEm@ ijad'ﬁl CWlEEﬁWﬁlt?lfhﬂmca{/@f“ﬁT‘ﬁef b3 butadiene, wherein
the absbrpuinh Gandiiscat leSsOpapraUNDeated Belwe:0 BEdLIBAOI G d bikdveT 200 nm, 28ereid he pass
. Y m of claim 1, wherein t he
band ls@‘%@% bé%@"‘é’ﬁ%?%é‘g’%gy {?gﬁ?%@ér%bon 30 29. The passive
infrared canmera systemof claim1, wherein the

37. ChiRyPagat inGQB8PdnsE SysiRlonan@ 1|, WRMmeheRhdni&1 coaBSRE D§ in@:{dlene wherein
ast

e nsBEAS o8 08 L PERLUPRLIL Bl | SRS S B BAONT AR s
band is|lgseted stivebrebows 8000 almand ab8x 0WOAnmand about 3600 nm 35

30. The passive infrared canera systemof claim1,

\NEerel n the hem cal c?ngrl ses mnet hane, wherein the

P BFF“B et sigp of dejmy. fythes somprisneja gidiaq raepringrdfdes dapted to

record grR@as bbtAARABY rhminfadd cloeta tsys8RQI0ringnpe ofithe indrarad takmerapass. band

is | ocated between about 7200 nm and about 8200 nm

-29 WD 2005/ 001409 PCT/ US2004/012946 31. The passive

39 i AberrarsleinfaRbaers S gFim i iersinthe infraeed eingraspigem is non-radiometric.
chem cal conprises sul fur hexafl ouri de, wherein the

40. akllﬁeﬁnragk%ﬁlg’ Qcﬁcqgerja s%% qax% \%%‘rre nltl%l 1r|1 areld (c)gmaétraesdstek?nelts V\o/ertagle
abo gonm and about 147 reln Y P
41. A passive infrared camera system adapted to provide a visual image of a chemical emanating from a
component having the chemical therein, comprising:
a lens;
a refrigerated portion comprising therein

an infrared sensor device adapted to capture an infrared image from the lens, and
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the pass band is | ocated between about 10400 nm and
about 10700 nm 5 32. The passive infrared canera
weymsemsof claiml, wherein the chem cal conprPGEES2004/012946
et hyl ene, wherein the absorption band is at |east
partially | ocated between about 3100 nm and about 3500
nm wherein the pass band is |ocated between about
3100 nih RAG! EBdaT (8B dRSateHAOng 3 optirakpaibeiispdhe ¢ Anghthenirared
sensor @eRidE [ha oﬁy:SltbaﬂIbe@f ﬁlﬁ:l’ lihlvi‘i’(’g 3.pas§Maﬁf Wdthn flilheid® heif éatimum transmittance
being Ie%% nralb(gut? §O[(J)a£r|g ﬁm dt Ile f &%éatss\;e\t/)earelclg]' gra eg %tlgag%ahgogss;m;ﬁr}gsn%ﬁin an
absorpta)béwaI@TF@'@“mﬂ a'W/her ei n the pass band is |ocated
bet-wperitiondaih a4HA0Q BmiRRGRRAY bordd 69Be MireBdmerd BiBtem.
passive infrared canmera systemof claim1l, wherein the
chem cal conprises propyl ene, wherein the absorption
42.  pamepsivesinfired cemers sypem dapikd ty plovider \iallmtenetarhemienl emagatpg from a
compordR han sk 1B bHhica? B@Q@inYdnpivaer €i n "t he pass band 15 is
| ocat ed between about 3100 nm and about 3600 nm 35.
Thé™passi ve infrared canera systemof claim1, wherein
t hefrgbreted petion compisinstdseipr opyl ene, wherein the

absor pgr{ 1%rgaagorld§v1&taddp§@§tc etn mf’HaI'eM lrlla%g%xﬁgle p:ﬁJ M}ﬁen
about 10000  nm and about wher ein the

pas

band i %“qpﬂi%?aé@aﬁé‘{t%%ﬁe%%t‘“ °1’B 5 hsiva e B ﬂ'ﬂd t'lel‘Bfffﬁed
sensor device, 2Berdb a pabhiganpfashe stEicadl bihdrassditteréaib@rea bsyeh eisusi 000Inedntimbout
3600 no andNET €1 N the chemi cal conprises 1,3 butadiene,

erein the absorption band is at | east partially

| BEAisea B sy EeePEd ACOIEaTTigted Retionnb e inforodeamesa system.

V\,her ein the pass band | s |l ocated between about 2900
43. glsrs»lge @g%r Je crahm% ?systlem acrinptid t% élrgee a VlRl? Sr%ag\éﬁf a cr}]\];rrru?al erganatmg from a
compo'lf?etrhmli‘@b%cbimlsal BWteiaciompiésingwher ei n t he absor ption band

i glend; | east partially | ocated between about 9000 nm

abou erein the pass band is |ocated

b%fem@érﬁ‘e%%"é‘u%“°@b‘6g‘]“%ﬂj%d about 12000 nm 38. The
passi ven infifredgersel deasradated oty afinfokediimagd frorh the tehe pnd

conpri g Jbgcaaba\sa@@%m&%@am% a%vlea%ua%mrﬁﬁe iR and?’th infrared
recor |maqes obt ai ned i‘{ﬂ e infrared canera sy stem

sensor aedfcf:,ﬁv ergig atleast pary %f & PATS Ibg)fi th& aﬁxé?lgarg%i félﬁ{ is gghm E\-r}ﬂgsorptlon band for

the chepidtsisi ve i nfrared canera systemof claim1, wherein the

ing%SI \e;lgﬂin%?s?gg{ ﬁ%g@?’gﬁeﬁefﬂ %tJdggj!i%{‘ﬁi% 1n(f"rare§ll\j;~I Q'rera-g%%m and

i ﬁP%WéBcte@%waplg% the mfrﬁrggl BEE atstew, thegigfrager! cawrbmuawed to be
powerdd /b tha by @aigfus oS \hs tiemicadapingdclonsyseavi de a vi sual
i mge of a chemi cal emanating froma conponent having
the chem cal therein, conprising: a lens; a
4. r Afpeitaiterchinties! b@(r"equyhm@mmqoglprmgt herein 40 an infrared

s e Ba&me lmﬁvadaan@ﬂ@mnesha&ai t6 gmlwaeo@&d waa&al Aaglhrb BRGRal emanating
foma gte? 'gt n ass, e| T g ste, It
' ﬁ%ﬁpf’% b‘&?@i“i@% *5?? o‘Bi?&é‘i §‘r‘i ggggl Y 8PPisB8at ed

al ong atengpti cal path between the |l ens and the

infrar %%ﬁ%@ﬁégg rﬁ&,\éb,ﬁﬁ,smgmgelgptl cal bandpass filter
havi ng a pass ull width at half maxi num

I
transmttan 6%‘“‘%‘1 Sﬁb“"l dé‘é‘%? af‘%’é?ﬁ OFBRUYIE BB e fan g dpns, and
at | east pamt omital bdnepapiisr lixatadialéngan dptieal p4oit beoakn the lens and the

infrare@ ?eﬂgp@e%%e,whérglﬁ bt léa?t pm (];fla ipgls B for the optical bandpass filter is within an absorption
band for the chemical,
a refrigeration system adapted to cool the refrigerated portion of the infrared camera system;
a battery electrically coupled to the infrared camera system, the infrared camera being adapted to be

powered by the battery during use of the chemical leak inspection system;
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absorption band for the chemical; and 5 a
refrigeration system adapted to cool the refrigerated
w@ooosioroof the infrared camera system 42. A paEB5s2084/012946
infrared canera system adapted to provide a visual
image of a chem cal emanating froma conponent having
hem rising: a lens; 10 a
hafeﬁa% T tfegl(fﬂtlem mdﬁér%ecr)as F1'sing therein an infrared
smé%l e@fevp%‘eon&dtafmnedrom@eéam ane an infrared i nage
f romdidRiehd@idFromaikdramd Opti cal bandpass filter |ocated
al ong an optical path between the | ens and the
infrared sensor device, wherein a pass band for the
45.  opk pactatile dhemnidy &eslsinfpedtipesysters cdnpdsitged bet ween about 3100
ny p@s@fde QQQE’J cam&@%enﬂ Hda F@@Q p;]oSld@a fogfsgdl \&ﬁefl ahd Tg@& a%){eﬂlﬁmmanatmg

N adapted to cool the re erated portion o
om g ¢gp °£F’1§H“E‘§|‘P§r"%€’mé‘§'§?eé“rﬂ hg Bassiye 'bf&éeg.cwra W“’r’%?"@kﬂ“%%“rera
syst emadehapt ed to provide a visual inmage of a chem cal

emanat |ar}gﬁ£e;a(pempgmmp¢gmq§%rep]aV| ng the chem cal
t herein, conprising: I ens; 20 a refngerated portion

conpri si ng tA é‘rﬁé"eﬁilseésﬁr deitics adprsed 1 eopis AN B pLimags dropytasdens, and

to capture an optRilbardeds tﬁlﬂfﬁ@&xteﬂ hiony dh BRichIQAB betddd tha l’bns and the
infraregggnlsoq %LVI(Q %grgi?lsagasg l)zl E ?orr] the 8&?;] %Qld%ss%tgr lggca%gtbl gvgen a ou J]OO nm and

et ween rare

about 398 prg; 3 a@erﬁl"e%massﬁ)a?dthab% fufy wigthps half iy r"aftshléta@mhat:laless than about
600 mbandpass filter is within an absorption band for the

fﬂ:mr g?irrf:ﬁ-l ?an{)n saete (%?(E(?tt | op}hségfg%%? aprortgvt eidtpﬁelpféared camera system;

S yadritam elfawaa”a cmted wrthe ieflaged camical dtom, the infhredicatmera béieg adapted to be
powerbd’lfyrtl%rbﬁl%rﬁﬁnﬁgr e &Yl%tcﬁéﬁlcat B& 1&55@%{1@"5%%%3 anera being

the battery during use of

tr?%PE‘ﬁétf‘?f}l?gOtﬁ‘eégff?rqdﬁ%eéac%?‘% system 44. A portable
C hrehduisial-redt e@rlion ensipligg thiomnthedipmt;@nd conpri si ng: 30 a
paaaﬁ,gdye%xgem,{gqiroglqhquggra system adapted to provide a
focused visual image of a chemical emanating froma
conponent having the chem cal therein, the passive

46. i M panigepassiviirifiares ydie @3y s@OINipted kdtgovite laﬁfdﬁspd dsual image of a chemical

emandi gfr;angﬁgg@&gmm gtﬁqg&,ﬁmm N i fDen el ra%gste@ncfo&args%g

sensor Ice a to capture an Infra
f ridfiSt he | ens, and 35 an optical bandpass filter

I mtvadoradn@n@ﬁang ao.ptng&aéd ﬂ@ﬂbhthaem w&esfngetbeedlp@ﬂ&a @ﬁhgnstdg@herem
i nfrar ed dx%rerr«]aé se{]%)r gewcef* k?a’vm a arra)a(;} sensor aedfa;i%ed tg re%ewe an wﬁ?{ed image from

pass ban ass
the leng jgrdodgpted mgen%ee‘m@ecmaﬂ ﬂgrhlé certﬁenwdm to thg infrerkqt imges; atdl on

syst em AdaRLIBehdbRs BIRPlocadBioheh robtagrp% Séi‘w&Q thte negcna“ethe tfiGred
rared.canera ectr

snsor Y5, B PRSI P Bl CAHERS G BHEHY teb el i and bou
3600 wa pwhvenepithegasa dapg hed filbwilite at hAIDmpawer ealsthiytantdbat kxdést dnyabout 600
nm; afUr i Ng use of the chem cal |eak inspection system

-3l

a refrigeration system adapted to cool the refrigerated portion.

47, A portable passive infrared camera system adapted to provide a focused visual image of a chemical
emanating from a component having the chemical therein, the infrared camera system comprising;
a lens;
a dewar container defining a refrigerated portion therein, the refrigerated portion comprising therein
an infrared sensor device having an array of sensors adapted to receive an infrared image from

the lens and adapted to generate electrical signals corresponding to the infrared image, and
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WD 2005/ 001409 PCT/ US2004/ 012946 a frame attached to

the infrared canera system a shoul der-rest portion
wexdosnadisng fromthe frane; and a handl e ext enpTgSIonomm2946

the frame. 5 45. A portable chem cal |eak inspection

system conprising: a passive infrared canmera system

adapt egaln'i)&lcgrbgn\ébeggﬁl@r {ogd?eld§$gg aWoﬁtH:Qilpath g&g&n% le sand the infrared

chem c emanati n roma conmponent havi ng
sensorcRef; Wherein At & fortﬂr?épfgfa'é%ﬁl%nﬁﬁf b dpeaes befa”ﬁ@wa% ¥4 fand about
3500 10 Wpéréiss iht Gasebah €IS 2 fudl wideH 4t hgehain@ch taountita6ee QOIS tBinRGout 80 nm,
and wBelpe?{ tﬁe ;les]bgndqﬁ z! &Ltgﬁxaegen%% nc%&éd bggv\één ou@%?‘uﬁ gnaI ABout 3440 nm; and
Ur's an infrare ens,
mrFféaelfa“B'aWéfﬁ&édéPth foren thy & Wé‘éd lﬁ’l”t?ﬁg an opt ic aI pat h
between the lens and the infrared sensor device,

b fi
48. | Ocafth%i g ?V\Ey depqué aEealé?LtId gemxchemanaatlrégohaorr{ zpc%%saﬂlent comgrlsd1g

wraémieg pagsive infrarsd cangradysteagovards tfe lcomyoni whgreim tk pastieexifragachcamera
ngﬁ&ﬁﬁgﬁgttance that is |l ess than about 600 nm 15 a

refrigeration system adapted to cool the refrigerated

portiorf '8 the infrared camera system a battery

el ect r i wefripeyataipapbredmpositgii@rdmf r ar ed canera system

the infrar edan%qgagengehg}gqu@pt ed to be powered by
the battery durin em cal |eak inspection

use 0
system a fr&Rgic ‘?‘?%ﬁéﬂ‘te{ l?cﬂtel‘ié“’l‘grﬁ‘r"ﬁt%‘d’a%aﬁﬁ?ea he Tens and he
infrarglypst@mpvia, @it adiesst pag st a asvhidder texp@althamigass filpamistwidin an absorption
bandifogmemlggqud 20 a handle extending fromthe frame. 46.
portabl passive infrared canera system adapted to
provi de? &g erigs yeen) pdapiad toicoph e refeeraedoditnc al
enmRAig af thithle®iMage WiOTROIPEIAL baldpwss Aler,ftivanfabud ifhagabeing that of the leak of

he chbhel; nfrared canmera system conprising: a
thee me < ?m%.gtmgiﬁgmt TSNt &i ner defi ni ng a refrigerated

po%ﬂFf thginfraiesyimgen passen dhrquelf the lgesrd apticapspdrss Ailter opgsving iths diltered

infrarédREe8 bf theBaki with ka8 @NSPlevdgVi Ce having an array of
sensors ecel ve an |

dapt ed nf d i f th :
G A B 1t Bl GEmpie et Bt B e T et cevce 1 provice
visiblcigrgeaepomtingrye filgred fridrajedimegs ed | nage, and an opti cal

bangsa@s&ene‘l ind ﬁa le!al@&?e‘d %ﬁimablgmmage ,fe,pssmlag th Bt dRRLMNE §ihge
| ens and he infrared sensor device, wherein a

prov‘?ﬁgg%th%'ﬁﬁ?ﬁedfcﬁ?‘erf H&®Bpti cal bandpass filter is located
bet ween about 3100 nm and about 30 3600 nm and

49. WRELGlod HRLARRSRAPD RS2 full width at hal f maxi num
transmttance that 1s Iess t han about 600 nm and a

r T g visthie imgasrersatgteter oty lmﬁ&ﬁ@rqv@fdrhygf@rlaffaéed camera
systefdOr ti on. 47. A portable passive infrared canera system
adapted to provide a focused visual image of a
chem cal 35 emanating froma conponent having the
50. chBrimetpd efl§laimet9nwherdieths vifuplddeaifficatippaithe lepls 4 peyfprmed at another location
remote G5 the Sdnkp@nenBwlil@ RS windthe R¥aded ¢RI dagter defining a
refrigerated portion therein, the refrigerated portion
conprising therein
51, The method of claim 48, further comprising:
transmitting the visible image representing the filtered infrared image provided by the infrared camera

system to another location remote from the component.

52. The method of claim 51, wherein the visual identification of the leak is performed at the remote

location.
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an infrared sensor device having an array of sensors
adapted to receive an infrared image from the |lens
wanahsadaps ed to generate electrical signals  PCT/US2004/012946
corresponding to the infrared i mage, and -32 WO
2005/ 001409 PCT/ US2004/ 012946 an optical bandpass
filter |ocated along an optical path between the |ens
3. afd methed ¢fiskinnYle@rtken poyprisicbevi ce, wherein a pass band
f @fordid}@heORiblCRbge RSN ATSh itk @i frr&d i LR RSB RAred camera
. tgﬁ ‘&g%ootnn1é%d aboS?ﬁ 3500 nm whgggln fﬂ? pass
SYSEm ARG s °4"'ul | width at hal f naxi mum transnittance
that is | ess than about 80 nm and wherein the pass

54. b’ﬁﬁ%em@@ot@]aﬁﬁmﬁlﬁh\‘\@)ﬁghﬁ Rt h | ocated between about
3320 nn1@nd about 344 gpd 5 arefri

eration
sYstufinatiaptiRe g ERE PR ereiiniarea uage r%w °f ghthe iggaredgamera
system rvahdiiged locdtionviemora frbry thel étfrared ¢amgra systemak of a chemi ca
enenating froma conponent, conprising: aimng a
passive infrared canera system towards the conponent,
35. m}?@m@ had efislainydis whegedn thegimiag efdhednffaeed samega sutteaniopgishs comRonent is
performbdfrém b @mBle sdledtedfibm@@roaf @dsifiog dfla @lickc:ORAN b ndlorgeld, ABiERIe boat, a
Cc S .
ship, a %F%mlxap gtf}%gigtazgﬁs\'ﬁ %a%lé%e %m%a?cwgrrg%hlaﬁtaBgvaelredggngﬁg aﬁm ultrallght
aircrafi g pgwerpfeelidgrrf aha?feacba%@h@@hmﬂ emeEly %@H@u vanigle, a9 wpsench aﬂﬂtﬂ
vehicleQdnd ebndasfonb@&ebef or the optical bandpass filter is
within an absorption 15 band for the chemi cal, and a
refrigeration system adapted to cool the refrigerated
56.  piretniethnd offcjainy 48 furtber aempripifig: ar ed i mage with the opti cal
bﬂ&ﬁ'cﬂ@gﬁﬁe Jididid Bhge r&d?&enln{\g thefIRRd nFReEinRL) Mld‘é@@tthé}f\fratréa%amera
t he chem cal emanating fromthe conponent;
SySt‘““gﬁ‘é‘?“’?ﬂé“]enfrared i mage passes through the | ens and
optical bandpass filter, receiving the filtered 20

57. ' Ii*lfler n?e'fh%&1 oti A5 Se, Q/flerénhfﬁe }e%ng\% ﬁeﬁoﬁr@@b}’ an\flcfeQFe%&jrdlﬁ d9124, the video
device; electronically processing the filtere

recordipg depig teiye F%‘Q@‘C?bé)t@m}%‘d" Bingraed ‘T“?i?ri‘ %F‘é‘a sensor device

to provide a visible image representing the filtered

| . I . Ly _
st. o M FIER ol FET Bl b BB ol EOTLL XISy L e e
camerajsysfefmafiaeiveEgannegiiopyi ded by the infrared camera

system 25 49. The nethod of cIa|n148 further
59. f&é@r}%e!ﬂ]solfi ggcé am YA fwr eg?lté € v1|£1]eo recor%m% devi (fe ci l{nh lglf rsﬁ'%P 'écl tQ gme infrared
camerasgtaay vag a Wirelesscoemm@dcaBon devI‘h"»e met hod of cI ai m 49, vvher ein
t he vi sual identification of the leak is perforned at
60. Q’E%Mr\]%df airp 8’8 gvlhacélat ¢ =v1§i?;1£cgti %Begnc(e:g Tgl%-lfe{lgga%\l?%gad t&the infrared
cameraGysgammmialBabl.ur t her conprising: transmtting the visible

i mge representing the filtered infrared i mage

provi ded by the infrared canera
61. The method of ¢laim 56, further comprising:

performing a review of the recording at a later time after the recording.

62. The method of claim 56, further comprising recording inspection information along with the recording
of the visible image representing the filtered infrared image, wherein the inspection information is selected from
a group consisting of inspection location name, inspection location address, component name, component
identification information, global positioning coordinates, a date, a time of day, an inspector’s name, an

inspection company’s name, one or more camera system sefting values, and combinations thereof.
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35 systemto another |ocation renote fromthe
conponent. 52. The nethod of claimb51, wherein the
woe@aabi4ddenti fi cation of the |leak is perfor meRBCEHUS100€012946

renote |ocation. -33 WO 2005/001409 PCT/ US2004/ 012946

53. The nethod of claim51, further conprising:
63. I eTi@metthodlofichen 48, &hdddiethé rmgai (ﬁlﬁflﬁ gsefihisadispliescletnl algxed b display
the VIL pg [nﬁ rgpr’:sn@gg hgggeﬁldq%reg ef_l.l'}qerlga,; %Ecﬁvghépe%fqﬁ r\ﬁlewu%y %gvmble
image qf the frale is e@f?pqusivrﬁ@.thetamarrgsqﬁhs tnifr@rgd @R Wsshpl e i mage

representing the filtered infrared image provided by

t h?he n%e hogrfe?almér é Eeé%rh%é’%ﬁﬁn c%fg'\e v15|§ rl‘n%rﬁﬁof(%l?eqt 1sd)errf(])_er#’nr9 oen a
Vlewmg @lvrm 2 8 remafqéqcetion refaies tathrinfrereddamerh eysiemf and whdeirergieveing device is
comnif 4R Bol R dSinkhes caerpgient is 10 perfornmed froma

vehi cle selected froma group consisting of a truck, a

car, a notorcycle, a bicycle, a boat, a ship, a
65. pei“@omiiod wertagn 64, ahdrein the fié\odwdewicqigcoairrmpilc@iyecpumdncahainyared camera
systev D ndf Gtk EdnBectiéh. POWer ed paraglider, an ultralight

aircraft, a powered glider, a gllder a balloon, a

blinmp, a renotely controlled vehicle, an unmanned
66. aeTheahethoy effviairh &4, whanein hovibyvingadevionis caninenieabfy. codpied bbthe ilfiaed camera
systexm%a!a%elgsg c&*r@dn%t%ﬁdevﬁcgr ther conprising: recording the

visible image representing the filtered infrared i nage

provided by the infrared canera systemfor a period
67. Of Thd nigghod bfZlainl b whdéintelviedingdesicd s Sfmmundaglyaotipldd€the infrared camera
Sww§%89 fing is performed by a video recording device,

he eo 20 recording device being comrmuni cably

coupled to the infrared canera system 58. The net hod

68. Of TR rRkHIY BTclaidiE vBéréin T Bk IBRe ihREQICEthdIDsy @Y loG8rdd tBe component is

ni cabl oupled to the infrared canmera system
pﬁmwwggﬁma”PW8¥V£%gnnect|on 25 59. The method of claim

57, wherein the video recording device is conmunicably

69. COuRY Bsholi Or didR 64, Whérah &6 vehQ@ﬁéearl@hc%%qt&'taﬁcmhé/ éo%péhew id ae;l fefirk.
communi cati on devi ce. he nethod of claim5

wherein the video recording device is connunlcably
70. colijd rexthotl of didire 69, wherein ¢hel pipdiaeiie atdeast patigdinbwied ithcgating. 30
61. The nethod of claimb56, further conprising:
performng a review of the recordlggﬁat a later tine

7. af ey maiiod of dip pY AR EIn BoPiPtiR's AdHaRTIYl akaibremEd.

further conpr|5|ng recording inspection information

72. al qpe%)émoh f ctlalrg ﬁ§ %ﬁgf ? %gmn%%? tgcf m%rared camerell gst V\l}]] owalgs thf %omponent is

representi rared
perforigg ﬁe@taivwlq Sﬂlﬁ@?drf@m agrpup gongiging e’fiaé@c'f F @ﬁma n@togqyeia g bicycle, a boat, a

ship, @ 9@&:@ tw'at@n@raﬁfa fixEEWRE hilpRRe, h?ﬁa@}t wlﬂngenxalm,pom&gﬁﬁgno@man ultralight
catl on n na
airer R RES BT SN AP By SRRRRL B (fy nmaned sl

vehicteomd demmartaeaens thereefat e, a time of day, an inspector's

name, an inspection conpany's nanme, one or nore

canera system setting val ues, and conbi nati ons
73. th gpeermxhod of claim 48, wherein the aiming of the infrared camera system towards the component is

performed by a person holding the infrared camera system.

74. The method of claim 48, further comprising combining inspection information with the visible image
representing the filtered infrared image, wherein the inspection information is selected from a group consisting
of inspection location name, inspection location address, component name, component identification
information, global positioning coordinates, a date, a time of day, an inspector’s name, an inspection company’s

name, one or more camera system setting values, and combinations thereof.
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-34 WO 2005/ 001409 PCT/ US2004/ 012946 63. The net hod
of claim48, wherein the infrared canera system has a
waleeploaposcr een adapted to display the visibl BCT/EDe4/012946
representing the filtered infrared i mage of the |eak,
and wherein the viewwng of the visible inmage of the
|l eak is perfornmed during the aimng of the infrared
5. CEwBr@oBfShis, Brtiedconiphiangrisplmond issbectncinfmmaBon, wheesinethqinspection
mfonnatlaﬁs ééle&!\d {ifh epgroutp Q&s%ﬁ@'opﬁﬁeétl&.@g&nm nal;nte'| enst)e%ﬁéﬁ 1é>c§t10n address,

performed on view ng device at a reno | ocation cd
compongRt najpe; ?Pé‘PP'E’J’“tt“i‘Fé“ffCﬁthP a#%aatearﬁmb%l P%V%’P‘é%ﬁwg}?&te%%"t’ee? fime of day, an
inspectdria @anwi, @Mhspgtichasinp@y’s SBameCORDLIIrC@tbry syco [pdtég vhigest dné combinations
thereoel Nfrared canera system 65. The nethod of clai m 64,

wherein the view ng device is conmuni cably coupled to

the infrared canera 10 systemvia a network
76.  CTHIRRGb @RlainbB, whkhen thedihiaglofare itftaget Bantéd, sysrdnerbeards thev@mponent is
performed Eom an %teql 3 n%%vherg’m ﬁlg m%h ?i?loyate%%}il B&Lrﬁ"ld to the infrared

stem 1'ess conmuni cati on device. 15
67. The nethod of cIa|n164, wherein the view ng device

77, | ﬂlemmmcaabisyw&mﬁphmn@oﬁtm&a&ﬁ E@remymmds BB dRent is
performgd ﬁ?%&grgfyai%haé]? Wherein t%e %j)mé)onent 1soloca&ed A, M A8, wherein the

AT are anera emto&ndsthe
conponent is perforned fron1a nDV|ng vehicle. 20 69.

78. T’h?e nEBb D0 45ClRkdR BSaimME SR 1ﬁ1°rateh %arﬁéﬁnbf@énﬁow&dﬁhe component is

i CO and the c onent is
pertormAE i 6 VO <o A4 ORED B Frpirar Bt istFt o nfing 2 0r
partlally buried in the ground. 25 71. The nethod of
79, ChRIBEPof chse{vﬁEréMe &w&lemea gaSmédr wlltﬁ Binls eaa{% Aededom.
above the ground . The nmethod of claimé®6 erein
t he ai m ng of t he |nfrared canera systemtowards the
80. COREIQMOA LT clain 4§ @hdrént fredmfng ofthedinfreddicahea S@dneotverds the @np@ent is
perforn%[i RBIrR I()&Q&S If %Bdun& c{eﬁr%ﬂtb M%Jﬁ:e aﬁd Q}%Fe’n‘ the ME&EYEYSq!)Cgt’ed Hithin the
ersonal watercraft, a
boundaf>1xed wi ng airplane, a rotary wi ng vehicle, a pomered
par agl i der, an uItraIight 30 aircraft, a powered
i der Li a renot el
8. gl(%et“?eéwop gfac \llnéggewflerem o Ut ‘ﬁ%fﬁtﬁsgacalaeg?})d P vehi cl ey and
conbi nati ons t hereof. 73 The nethod of claim 48,
82. BRI KA btSairRb ITWAGeiRthe JiRGg bithd iRk R ERIES Rer W Nhr@The component is
t qwar S, the conponent is performed by a person
perforped TGP #9%t he i nfrared camera system 35 74. The net hod
of claim 48, further conprising conbining inspection
83. | QR b rWBf la'hérgh?thy !nﬁﬁng bnd iMRA&R cathérPdyGRSF f&vhlﬁgthg &ﬁ]ponent is
filtered infrared 1 mage, wherein the inspection
performed PRAYY¥R- on i s sel ected froma group consisting of
i nspection | ocation nane, inspection |ocation address,
C NANS formation,
34. gﬁ%ﬁ%ﬁ%ggéutuo%ﬁﬁggggggg%ﬁgﬂgg%&$%gﬂﬂh?g“Mh nme of day,
an inspector's nanme, an inspection conpany's 40 nane,
85.  OMNfe Adthod B &airf AR i IS tPoiat it otugd Wl puRSssin@icht.
conbi nations thereof. -35 WO 2005/001409
PCT/ US2004/ 012946

86. The method of claim 48, wherein the aiming of the infrared camera system towards the component is
performed from flying vehicle approaching an offshore rig, and wherein the component is located on the

offshore rig.

87. The method of claim 48, wherein the component is located at least 10 feet from the infrared camera

system during the aiming the infrared camera system towards the component.
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75. The nmethod of claim48, further conprising
di spl ayi ng i nspection information, wherein the
wo ppeet4ddn i nfornmation i s selected froma grBPCpPUS2004/012946
consi sting of inspection |ocation nane, inspection
| ocation address, conponent name, component
8g. | %Qﬁnétfldd%aélélﬂ QS I\'\nlglgﬁl mtcbrﬂfbnenglls Qbﬁéd PO 1t5|f&mb6@ ground and wherein
the ai o or gﬁr % h% fa d nspe t 10 fi
THSE A the Jpfyare %?Bé%ﬂstfﬁ’ t%"é gﬁﬁ“‘%""ﬁ% perfgiiied 812 dnbps g&eéﬁfeti’ag eet
from tipyeshmenset t i ng val ues, and conbi nations 5 thereof.
76. The net hod of cIain148 wherein the aimng of the
infrared canera system towards the conmponent |s
89. peTrh‘F BRI £ 811 S dieicpPRoNen &ctﬁeﬁe?ﬁ MRIREY @ 8ht
Is located on Earth. 10 77. The nethod of clai m 48,

90. V\’hﬁg ﬁgﬂbdtolaﬁalf’ﬁ'Sm v{hgreﬂfthetca-ﬁpolngm s QC&QfoFW &kt wﬁt &l Wwherein the aiming
towards the conponent is ferforned froma first yard,

of the ifipred dampra pien HVaEds Hhp SMrARent i perfaggd &em ¢ goyddelond yard.
78. The method of claim48, wherein the aining of the
o1. ! nlfhr agtgo%d)?? 4@ white %{pcgrgmgngg lotcﬁe% 09909190 ent is
per Tt orme roma ve on a street “wherein the
conponent is | ocated adjacent a bU|Id|ng. 15 79. The
92. methbaethdfof himiom wilreinwWht@héMidal & BRceORPONG R colisBng@BBfrigerant, fuel,
water 1 orrm%&&ﬁ ngegegxtendlng therefrom 80. The nethod
oPeta Wherein t he aimng of the infrared canera
systenttomards the component is perfornmed from
93.  OUtHS nekRodQf clAmIQUNKER MmYthed&fisn@ibh H¥erfcdrBh&ea chambbr YWRBEED Retain liquid
the conponent is located within the 20 boundary. 81.
niogdhe net hod of cl'aim 48, wherein the conponent is
| ocated on a ship. 82. The nethod of claim8l, wherein
94, 1 hﬁle ﬁ'kt%cﬂg leifn 48 h@tetemftﬁqutﬁ&ra%mgtén &)Yn%]: ﬁm El&\é\@gﬂﬁ Stuhﬁ cryocooler.
. component Is 25 perfornmed from | and. . The neth OJ;
of claim 81, wherein the ainng of the |nfrared camer a
95. SYHRik erthidunalniaists] Wierehanpetigndedipsrtionpieddiodditg dn @rridrfo@a dewar container.
ship. 30 84. The nethod of claim48, wherein the
conponent is located within a building. 85. The
9. nethaagthestof elpigy 4% wigreintpraplapamtipheysted pRTBHERR CTy S Otg cypteaidapted to
coo! tittinfRreR 6AEHR 8&/ich ghdRhedPlical B3Rpas? Nker FRLidhErafe belb R FBUAB K.
wherein the aimng of the infrared canmera system
towards the conponent is 35 perforned fromflying
97.  veHievicdodgs plrivehvirstpindhe infrarasisenasa syjte is aencradipreatrési n t he
conponent is located on the offshore rig. 87. The
98. ’}'qlg ?CI ef allmlelg]t vf/lt%:e' eﬁﬁ e{rﬁrziﬁ%n:;](gldgvo gg‘g‘?f’g‘n% arlt |§ch) ?é?ﬁlmomde focal
mmmdmwlng the aimng the infrared canera systemtowards
the conmponent. -36 WO 2005/ 001409 PCT/ US2004/ 012946
. The method of claim48, wherein the conponent is
9. | dHEPE@“HFCPEHgtW%ﬁmﬂeerHH8U§Sﬂ?ﬁﬂﬁaméﬁﬂu%ﬁ@?%m%““ﬁﬁéa
compibsi, fngifie, § Vilbve) drbotitaificd,ch to@MBIVEchSy/Sde O, ta itk g, A S ortnbk@or, a hose, a flare, an
r.f Qr er than 10
xR T B R b o S Rt i m
48, wherein the conponent is | ocated above a majority

100. Of TIR nfthbdISHcldIne4s, QmemTtheepatmte hmdreméameﬂaajsmn%ponmnebvﬁbrem the

passnwn%rareg ¢ Ir{oe%es?s em fl fs rtheel:r é{)rengrtises aqbattery ada;gc\elg- to prov1Xe power’for?he infrared camera

system during use of the mfrared camera system.
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of the infrared canera systemtowards the conponent is
performed froma ground level. 10 91. The net hod of
w@b@sovidy wherein the conponent is |ocated onp@r/US2004/012946
vehicle. 92. The nethod of claim91, wherein the
chemcal is selected froma group consisting of
refrigerant, fuel wat er vapor, and conbi nati ons
101 ¢ g ragiyod ofakaing 00, whezein e HBRIASAMET AFFD HENer GBS t he
reﬁﬁm@eratlon system conprises a chanmber adapted to
Wﬁgl%hlﬁer résﬂ;%lrtgm ﬂénh{ngggrﬁlthe g‘%ﬂe J&e met hod of claim 48,
ereln e ation system conprises a
ch@@HﬁﬁV@WéﬁEWﬂF%?%@ cryocool er. 20 95. The nethod
of claim 48, wherein the refrigerated portion IS
102, q‘{nehme lg)dby cla[lm 4§ QVBI%E]I“ m?rare? ca%ﬁr\all\@yrste%l%irl‘]r%lgrrcg rbs%s ag‘gt %anel gcreen
adapte@@ﬁpplm\e%bl@rmey elseiest by ths ylﬁtr@mamam@a dyring ugE@bthe tnﬁ@red camera
systeml Nf rared sensor device and the optical bandpass filter
to a tenperature bel ow about 100 K. 25 97. The net hod
of claim48, wherein the infrared canera systemis
103.  ndhe meilehid ofiddim 48, Wwhergin th fndranedeahnond ssfemdirtiempodrisesgH @hteshigld located
proxinfald € thd¥elcd A8 RHPEO tat IS8 GRly SRAPIE KRSn A AdtkinkifBh.
Antinoni de focal plane array. 30 99. The nethod of
cl aim 48, wherein the conponent is selected froma
104. grToupetipdnsélghnidBgvhertin ghe pptisd barapasciiirpis ednsted to akhow aemgsjnﬂtelpce greater
than alﬁut‘ﬁ@‘%\()?mﬁ'gecﬁ%ﬁtb@fv)gg‘lrabou@3 56@% and%boctxY\@JOg nm t(ﬁpags%?e(h\l&l g, a
ting, a connector, a hose, a flare, an exhaus
outlet a machine, a vent for a blow off valve, and
105. C Gﬁbﬁlﬂﬁidioﬁcﬂﬂmm Riethereh the bftal badddgassitehio adaptbd 1 lhikivwma téhBsmittance greater
[ e bl e
sl A5 R i RARRI KGR ol 530 R AR ol KL oA
further conprises a battery adapted to provi de power

106. T Ohe biRodion§14iR 1€ OvheBiEe Pass B bRNA dtidal Bagdpkks E1t@ hastalténter wavelength

octe bl BB 370 1298554 510 "Fhe. ot hod of ol ai m 100,

wherein the infrared canera system further conprises:
107. A ThE A8Rod oRcIRRQAR] vihelem iR hss PAA bil 1R bpBest &mé)hs@ @idehamthe wavelength

ocne e RTE AT 7sBnfia S S e 00, L ST LG LA 102

transm@tpasde @reatéruiran i@t 896mP mifrgredslight Helwatn-gbaun 365 g0 aekahout 33P& pinedpass

therethr Qg WABLiRMhe uanag,abé el TRHRSs aqpml cﬂlﬁﬁﬁe sttiargeana Qb&rat §pass band has a
canera Sy stemd urln use of he i nfrared canera

m”W§9§9@ﬁ¥mﬁ@m15§“m¢H€eWﬁfﬂﬁﬂmﬁﬁweFé?ﬁ?48 wherein the
infrared canmera system further conprises a |ight

S hﬂh]? h&nda? ?9&%‘181 VFL 'ht{Ig% gbéng otttne aé[ gal})as@ %ﬂerﬂgs"%%{%&‘ whlength

ast arti a een
locateqi begtpen abwé340m@nﬁ@pﬁéﬂ40@m t!'l-esﬁurﬁmtandp@ﬁﬁ éltes |15rﬁ‘d%PF?é toallowa
transnmaﬁde@ahtehm dmsm%‘ dt {ht edhtet \Savadfgmt £d wheeiatnk P48 nd has a full width at

halfmfmmlf,| m%lér{ugance th:g t%gréag&utm abOUt 45% of infrared

Wesh ot nm'and about 3400 nmto pass
therethrough 15 105. The nethod of claim48, wherein

109. t higie Hgﬁémtﬂalp@l@ dﬂf&%& tel plasts ®4nd 'oﬁthead?)ﬁ(m l?anHasQ fidthr nQVY @nter wavelength
sm ttance greate

er
between a%out 3360 nm and abdut 3380 nm, wherein the bandpass filter is adapted to allow a transmittance
greater than about 70% at the center wavelength, and wherein the pass band has a full width at half maximum

transmittance that is less than about 100 nm.

110.  The method of claim 48, wherein the pass band has a full width at half maximum transmittance that is

less than about 600 nm.
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t han about 45% of infrared |ight between about 3350 nm
and about 3390 nmto pass therethrough. 106. The
woredosoadi40d cl aim 48, wherein the pass band of P&EUS2004/012946
opti cal bandpass filter has a center wavel ength 20
| ocat ed between about 3360 nm and about 3400 nm 107.
The nethod of claim48, wherein the pass band of the _
L oPeimedipd S alaioids gherein theatasstpans! has afalhvidth atialf @epyp fransmittance that is
less thah Me@sedhet ween about 3375 nm and about 3385 nm
wherei n the bandpass filter is adapted to allow a
transm ttance greater than about 80%of infrared |ight
112, pHrewstad oflolbin 483885t rarrdanslhetn UIBBIGH apheif mexipns drapmittance that is
less thah KRLObAKLUIh, wherein the bandpass filter conprises a
silicon dioxide substrate, and wherein the pass band
has a full wdth at half maxi rumtransm ttance that
113. | Bhelmethed ¢flslaim Hbokereirgle pabsiprndb@8: fullwidthptttaH owdxiohm drhgginfitance that is
less thaft ShouMBEELI N t he pass band of the optical bandpass
filter has a center wavelength |ocated between about
3340 nm and about 3440 rim wherein the bandpass
114, f THetrethod & chtkedst elbrdirothagdabstandefor3R opticanmmipbss flve & lgatediieereen about
MOOmggﬁqb@pQ%%ngQ@6at the center wavel ength, and wherein
he pass band has a full width at half maxi mum
transmttance that is |less than about 100 nm 109. The
115.  neichetho®df cingd Srwhsin thdy@Esthiaid ol gpécabalidprsd fidr istiéveted between about
| pass filter has a center wavel ength
3200“@9%\/2\‘/%%'}1352@8“& 3360 nm and about 3380 nm wherein the
bandpass filter is adapted to allow a transm ttance
116. 35hegﬂe€ha& &ifclate19) widdikthe pr@bat for theopGiRNadpadd@ue isafgledibetween about
3300 1 mh%gg&%Pn t he pass band has a full width at half
fie: Flnsnittance that is | ess than about 100 nm
110. The nethod of claim48, wherein the pass band has
117. arfelbhethodb@iain 24 whadi rfmérpaxg mm%ﬁm Bah A% GiedrM@Ata ckrier wavelength

t han about 2005/ 001409
l°°atedlf’@}‘@§2?f@'37rﬁi%ﬁg“gi emifal The net hod of cl ai m 48,

wherein the pass band has a full width at half nmaxi num

118. t WMOE B@ﬂ&x@4§ b«ﬁ'éreulx e cklex§§§l csmges Q%E{an Q:Q:ctgd mm e;l-g"rgup consisting
he method of claim 48, wherein gass

Ofme“’fa’ﬁﬂ pthags. AEOPRnE OutARE) Hexgpgneiiurigny Qrppgﬁgwqefty PFe@C‘ihPl'a?thaP@ m%ha“o' xylene,
benzenb, ®&iadidnblatetcdl) @bkblind esé! ifuFl, anlik3mbidakiens retebfod of cl ai m 48,
wherein the pass band has a full width at hal f maxi mum
transmttance that is |ess than about 100 rim 10 .
119, 1 The meyhed ofpiih & whireit ihapheiniel conpiiass @ sybstprie sefralsd ipmmeropgpnsisting
of petrdléueh, ffrbleaby-RaetPagEle bighdi®dombsind, 9811 EorBA c\WeRId RIS combinations
f3100 rimand about 3600 rim 115. The nethod of claim
48, wherein the pass band for the optical bandpass
filter is | ocated between about 3200 rim and about
120. 37RO ofchirt 48 whBR hEBERRE rﬁés@'h?ﬁré‘:%nboﬁ/\her ein the
pass band for the opti cal ban pass filter is |ocated
bet ween about 3300 rim and about 3500 rim 117. The
121.  mBhdveshod bf ddim i wii8ein i dredical com@ispasthalzamtreinghe dbivgption band is at

least pa(?lri)atllg/ %@:ltedtﬂ)gtu'geqaﬁcﬁlt fliob Bl’ﬁ Endlll’i)o%t %O@%,tw%grem\é %Ls?%ﬁ E located between

about 3100 nm and about 3600 nm.

thereo

122.  The method of claim 48, wherein the chemical comprises methane, wherein the absorption band is at
least partially located between about 7200 nm and about 8200 nm, wherein the pass band is located between
about 7200 nm and about 8200 nm.
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20 located within the absorbance band for the
chem cal. 118. The nethod of claim 48, wherein the
W@ b@sieaby conpri ses a substance sel ected from BCOUS20p4/012946
consi sting of nmethane, ethane, propane, butane,
hexane, ethyl ene, propylene, acetylene, alcohol,

et hanol , net hanol | ene, benzen but adi ene,
123, ot o SIRT Hbite s TP ME SO iigin he absorpion

band istahiessieatftiallyAbGeatkd Betwetingbome 0400 dm Gfid abduai ATDAHBy, wivkrein éie pass bewd is located
betweeff RS 1580 nmmbm&yo@mﬁubst ance sel ected froma group

consisting of petroleum petrol eum by-product,

vol ati |l e organi ¢ conpound, volatile inorganic
124. C Ongaeatad of cuitnl48; @hdreinat tlemgal cbd’f;&iﬁ@@fnylerﬁ&vﬁb%& théfdbgrption band is at

; B146 & DRELIG Bl p&OPRE 15382

lwﬂpﬂﬁﬂ¥%%ggggﬁhgfg%ﬁ§$%ﬁpng?hgakb¢ncIa?h148 erein t t gmww
about 3 PdpbopiH I es net hane, wherein the absorption

band is at | east partially | ocat ed between about 3100

6 h
ITEn Terhgd% ({? i 4682 wger in hrrl:h\'sTG% comp%séias ﬁﬁylargoﬁl%eggggeoabg’orpnon %@gd is at

cast iy o DerestdnobbubT0400 Tt v 4Byt IRHR i Wherehhasteesrbhngi located berween

about O9ITRK HESHoAbNNAAM, Wherein the absorption band is at
| east partially |ocated between about 7200 ri m and
about 8200 nm wherein the pass band is | ocated
126. bdahaveethvd obdirin #8, WAGEIn the phemivel carbyists PBRPENe Wherein-tBGbyytion band is at

least p%@?lo@@éh%g%ef %Ju@%@%éﬂ%g&ﬂﬁoo ;\L'g?%vherl_n he 'E?s'é Bé%g lsQ(gcated between

rein the chem cal conprises sul
a“mtﬂg&%ﬁfﬂﬂvwﬁgooﬂﬁereln t he absorption band |s at | east

partially | ocated between about 10400 nm and about

127. 1qz9r9etlliod '8} CIM ﬁﬁ QJhaeﬁn hx@ c}ﬂ%ﬁ&ﬁl cbrﬁlg}ges p%gl/l%axtvﬂ%@m tpeeathBn band is at

about nm’and about
least pgyfially ioaqt%batgee"wh@f &OPP hgd ewéh%lé%l%%bfm tg%%assé’ﬁ‘l‘ﬂif @Wé?d between
about W@ and idoex 1ad@ampt i on band is at least partially
| ocat ed between about 3100 nm and about 3500 nm
wherein the pass band is | ocated between about 3100
128. nrfhamedhodlebelaim 38 0herpimthe tiemicaltheprisestiuiadienss wheted thp ap@rption band is at
least pYMAEIY ﬁicnedtbla@vemsm SR0 niG AFHA6HS EH0 Brh WHe @A Ehe pidI 84rTiNodald@between
b t%@? g g %ﬁ@d is at 10 least partially | ocated
abou WREN AW 18400 nm and about 10700 nm wherein the
pass band is | ocated between about 10400 nm and about
129, 1Q“KQIQetEH|mof daf 48 m@remh&qre@tanﬁla@ys%%hter\émﬁgsleﬁ ke recording
chem cal conpri ro erein e apsor
devicegdnigd odecqi thewaaﬂitmaﬁ%r‘){ﬁg ﬁﬁfd%\‘/ theagé S EmPacvEE TR o SR e
camerduystand about 3600 nm wherein the pass band is | ocated

bet ween 15 about 3100 nm and about 3600 nm 127. The
met hod of claim48, wherein the chem cal conprises

130, prAopgfhodnbisugliyelcaTng toplis OLAFSERIER Prefiatsa fiem p gompenent, gomprising:
pamingd dasivk DEatednbatperovabiott cohipofia:, ARarante pldittinfrared camera
svstemicsROQ M wherein the pass band is | ocated between
YSEIIHobt 0000 nm and about 11500 nm 20 128. The net hod
of cl ai*ln48, wherein the chenical conprises butadiene,
wher ei R i@ raad$ekie doRprish@ dreinS  at
an infrared sensor device, and
an optical bandpass filter located along an optical path between the lens and the
infrared sensor device, the optical bandpass filter having a pass band with a full width at half maximum
transmittance being less than about 600 nm, wherein at least part of the pass band for the optical bandpass filter
is within an absorption band for the chemical, and

a refrigeration system adapted to cool the refrigerated portion; and
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| east partially |ocated between about 2900 nm and
about 3200 nm wherein the pass band is | ocated
wbedosoenrnoo about 2900 nm and about 3200 nm 25 BCHUSHNE012946
met hod of claim48, wherein the infrared canera system
further conprises a video recording device adapted to
record the visual inmges obtained by the infrared
Cateiving asip Barechimaigrith ghe ipdiered fensopevichidfia dpale ef thecchempipagemanating from
the comPOhSAt Sifter tlgeax(’}‘rareﬁ uﬂ@% Bags Afoupt tBdlads by dﬁﬁ&aﬁﬁt\dp@s@ file®@s aiﬁ&%fgf théinfrared
roma component, conprisin
mage ig H&%{eﬂgyh ?fé%a P agsn‘{ltlr ar ed cagra systemn.tpovvar dg t he
cqmpmrelﬁvtproomex &t filtarddanfprd gnageredeivhd artadnfoeadeensor deyas temevide a

visible ﬁ@émgﬂre%&ﬁng"khé fARRd u@fatre@fnfagegﬁ{dat ed port ' on conpr i S:: ng |
el.n | r ns devi ce, ica
T SN A AR N R OB

pmwmmhﬁmémmauanmwuh@mnlnfrared sensor device, the optica
bandpass filter having a pass band with a full wdth
at hal f nmaxi num transmttance bei.ng | ess than about
131 6@6‘6‘1‘1%\ of Yt ueiredne ljaksl f clisgice! eﬂ?“aPW%Oﬁ%§mW£ﬂ& ‘B Ee
ofrhing apasthandpas sanferd sy@im towsdswhetchmpbnan walasio thppassine ib@ana camera
e chemical, and a refrigeration system adapted
Syswmt&[{pn%gl t he refrl gerated portion; and -40 WO
2005/ 00'¥%09 PCT/ US2004/ 012946 receiving an infrared
i mage aetrigerfthEpoitioh Eatpadngrenaor devi ce of a | eak of the
chem cal en%qr%areggensor mmtehagd conponent, after the
infrared i mage p éfhrou h the lens and opti cal
bandpass fi ilmtod?tical lan@asaf tes #octh@lqnmwawbpatm betergea thedens and the
infrared dedsbr@leREE, b}&éreﬁr"kﬁpa@%ﬁdd@&'the@ﬂdlﬂﬂﬁﬁasﬁ fiket Bllocated between about 3100 nm and
ectr nlcally processing the filtered infrared i mge
¢8y¥é€d by the infrared sensor device to provide a 5
Vi si bl erefrigag®n sspmeda@irt iorrgol theecfifigetated patibon; avfir ar ed

' B mg aﬁ‘ﬁ@ra%& %Eﬁ! \LM) tllleqmt'e'dfséﬁko? gevtc@@fal l@aﬂ%f tpéa&n%glcé? @métnlé‘ﬁg from
vi sibl’e i mage representin rare

r [
the conpprsyt HEH"bY FHm s PR At g‘a%\ﬁ%s agwf %ﬁf’i’a“i@is filtag, wef‘iﬂeég‘e infrared
image i©filtevdd Dy ok bpytical ®ér@pdss filgr; | eaks of a chem cal enanati ng
f i
R e R e e e
V‘S'bletnﬁiée iseessitipethe fileresrinfgred dpags:and syst em conpri ses a | ens,
aVlELﬁﬁ)r Mg\afyaxtged R0 Basd QR tHe ORPIe irbdgOGpredIMME khd filta@en mfﬁfrdrdaﬁ@ei
rovid BI85 are cag:ngl,asasgd 15 an optical bandpass filter
provicy Eaf af BhG & Opti cal path between the |ens and the
infrared sensor device, wherein a pass band for the

132. ORtniefRh oRARMR a&&nﬁg 1&11(@&alcﬁedlﬁr&ﬁmnmﬂ\@@&pa@m%m%ﬂg
nm and abou

erri rati on
angmmg AGesE 18{5%(fd c€rHEéa ?yétfrp oagrasatgeec&ms‘g?w Wrem zil*l),i:)cll)za‘sswe mnfrared camera

system comprises

about 3

a lens,
a refrigerated portion comprising therein
an infrared sensor device, and
an optical bandpass filter located along an optical path between the lens and the
infrared sensor device, wherein a pass band for the optical bandpass filter is located between about 3200 nm and
about 3500 nm, wherein the pass band has a full width at half maximum transmittance that is less than about 80
nm, and wherein the pass band has a center wavelength located between about 3320 nm and about 3440 nm, and
a refrigeration system adapted to cool the refrigerated portion; and
receiving an infrared image with the infrared sensor device of a leak of the chemical emanating from
the component, after the infrared image passes through the lens and optical bandpass filter, and after the infrared

image is filtered by the optical bandpass filter;
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receiving an infrared image with the infrared sensor
device of a leak of the chem cal emanating from 20
wo besoorponent, after the infrared i mage passeBCt/ismoghi2946
the Il ens and optical bandpass filter, and after the
infrared image is filtered by the optical bandpass
£i » , _ : . . _ .
e B e TR Bl RRE el Bt B Efor g e provice
visible imgeqyerserpiiag e filgrediingfaged impggyandr epr esenting the filtered
| ifuam iedhtify TR §R Jealibbskd\oh Sid @kibly inhadeRpredepting Ghe Filk@ed iefked image
pmvideg%sggmgge(}Cr;%er\éisyss' bl e i mage representing the filtered
'ntfrare | rage @'provided by the infrared canera
system 132. A nethod of visually detecting | eaks of a
chem cal emanating froma conponent, conpri sing:
aimng a passive infrared canera systemtowards the
conmponent, wherein the passive infrared canera system
conprises 30 a lens, a refrigerated portion conprising
therein an infrared sensor device, and an optica
bandpass filter | ocated along an optical path between
the lens and the infrared sensor device, wherein a
pass band for the optical bandpass filter is |ocated
bet ween about 3200 nm and 35 about 3500 nm wherein
the pass band has a full width at half nmaxi mum
transm ttance that is | ess than about 80 nm and
wherei n the pass band has a center wavel ength | ocated
bet ween about 3320 nm and about 3440 nm and a
refrigeration system adapted to cool the refrigerated
portion; and receiving an infrared imge with the
infrared sensor device of a |eak of the chemni ca
emanating from the conponent, after the infrared
i mge passes through the | ens and optical bandpass
filter, and after the infrared 40 inmage is filtered
by the optical bandpass filter; -41 WO 2005/001409
PCT/ US2004/ 012946 el ectronically processing the
filtered infrared i mage received by the infrared
sensor device to provide a visible imge representing
the filtered infrared image; and visually identifying
the | eak based on the visible inage representing the
filtered infrared image provided by the infrared
canera system 5 -42
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