TI TLE OF THE | NVENTI ON: ARRANGEMENT ADAPTED FOR SPECTRAL ANALYSI S OF SMALL
CONCENTRATI ONS OF GAS 10 TECHNI CAL FI ELD OF THE | NVENTI ON Thi s
invention refers generally to an arrangenent adapted for an el ectromagnetic
radi ation and for the evaluation of small concentrations of gas. 15The

practi cal aﬂF!LEC@Flm&WVE?@’EQN’@XRRANGEMEWAWEQ%W%QP&%H ically in

the followwng with reference to an arrangenent ad for gas or a gas neter
or measur i nyNARYSIRi @R SMALD FONEENTRAS QN&QF@Q he exi stence of a gas by
means of this gas neter, wherein said gas can occur in the formof snal
concgntrations of gas in a sanple of gas adapted for said eval uation. 20A
gas- adapted arrangenent of this type is then to exhibit an emtting or trans-
mtting means adapted for electronagnetic radiation; a following restricted
space, in the formof a cavity, serving as a neasuring cell for a sanple of
gas and intended to be able to define an optical measuring distance or path
applying to the neasuring itself; a detecting or sensing neans for said

el ectromagnetic radi ati on passing said optical neas- 25uring distance from
said transmtting nmeans; and a unit performng a spectral analysis and
conmgected at | east to said sensing neans. Said neans for sensing the

el ectromagnetic radiation is adapted to be opto-el- ectrically sensitive to
the el ectromagnetic radiation which is intended to fall within a spectral

field \M?mﬁ aﬁ@gér:%?%ﬁ%@"ﬂ @t(s) or spectral elenent(s) is/are to be

t he subj ect ysSis I'n € unit perform ng the spectral analysis so as

to permt |n ﬁ" himnw&ﬂammrgameﬂgiwb%ﬁ ﬁr@z&%éﬁﬁehmeﬁ]ﬁw%s{én eRdtrafizgn of the
spectr al chnical field includes the transmtting

e nt(sé. hi s
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connect ed t her et presenting the res ore ese ans,
units atie @iiigp’ﬁrw/\ﬁiﬁhmfgrm teain guangemenbadapied Subjactr otjas rsmteeasmif ic

stud andlllutr n_thi |jcatjon with regard to their structural
corrp)c/)3| FHTRG U Z&@&, ergédﬁﬁfygw & existence of a gas by means a? this gas
meter, wherein said gas can oceur in the form of small concentrations of gas in a sam-

ple of gas adapted for said evaluation.

20 A gas-adapted arrangement of this type is then to exhibit an emitting or trans-
mitting means adapted for electromagnetic radiation; a following restricted space, in the
form of a cavity, serving as a measuring cell for 2 sample of gas and intended o be able
to define an optical measuring distance or path applying to the measuring itself; a de-
tecting or sensing means for said electromagnetic radiation passing said optical meas-

25 uring distance from said transmitling means; and a unit performing a spectral analysis
and connected at least to said sensing means.

Said means for sensing the slectromagnetic radiation is adapted to be opto-sl-
ectrically sensitive o the electromagnetic radiation which is intended to fall within a
spectral field whose chosen wavelength component(s) or spectral element(s) is/are to

30 be the subject of an analysis in the unit performing the spectral analysis so as to permit
in this unit determining the relative intensity of radiation of the spectral element(s).

This technical fleld includes the transmitting means indicated and utilized bere
and earlier known sensing means together with units performing spectral analyses and
for example display units connected thereto and presenting the resulis, and therefore



5Met hods, arrangenents and structures related to the technical field and
charac- ter nentioned above are known earlier in a plurality of different
enbodi nment s. As a first exanple of the background of technology and the
technical field to which the invention refers it may be nmentioned an
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as to determine 20within this unit the relative radiationintensrty of
r el evantangirsis of s castploal ghermpit asesgetmicoh bavhgtheaspeitinaineans mdapted for

Ref ' . ent, publjcation US-A-5 009 49 Ger man _pat ent
pubiifat bR RO Rdh By BBk uiled SBALET MRE g oA 565 959 Bruces
pat ent publg it deinkndedha089 abldlofdefink| drtiehticdd ithisLRRy Kdt8%cabi patRDAS a nore
specific first exanple of the arrangenent indicated here, analysing the sanple

of gas, FEBEILFHEENp oM slastioms éptielion peReinguisld epkies! Mrastniagicisral
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ref eren- aiOc s made to the contents of the published International Patent
ApplPcatiBOAeHE® g pub- |ication number WD 97/ 18460. As a third

shect 1 Sxeriaasiod tesdRBUER LN AR SR IR IARAR e
nunber \WBrg8ivedae e electromagnetic radiation which is intended to fall within a speciral fisld

whose selected wavelength component(s} or spectral element(s) is/are to become the

object of an analysis within the unit performing the spectral analysis 3o as {o determine

20 within this unit the relative radiation intensity of relevant and selected wavelength sec-
tlons of the spectral element,

Reference is made to US patent publication US-A-5 008 493, German patent
publication DE-A1-4 110 653, US patent publication US-A-5 268 782 and US patent
publication US-A-4 028 521 for illustrating the prior art.

25 As a more specific first example of the arrangement indicated here, analysing
the sample of gas, reference s made to the contents of the published International Pat-
ant Application No. PCT/SESS/00145 (WO 88/41 582) comprising a method for produc-
ing a detector related to a gas sensor and a detector produced in this manner.

Az a second more specific example of the arrangement indicated hers raferen-

30 ceis made to the contents of the published iInternational Patent Application having pub-
tication number WO 87/18460,

As a third specific example of the arrangement indicated here reference is ma-
de to the contents of the published International Patent Application having publication
number WO 88/09152.



3 In addition, reference is made to the contents of the International
Pat ent Application having publication nunmber WO 01/81 901, If the
characteristics associated with the pres&nt invention are considered it may be
mentioned that it is knowmn that the relative intensity of radiation of the

spectral el e- Bramif), bRfedd %‘éﬁ@&e%@ﬁg &gﬁ%ﬁ:ﬁﬁ% ggésrﬁ‘?eastihfttafs Pﬁ\(einﬁ‘ | | and

very small concentrations of gas and t ave been shown
t o exhi bfatidregengranblicricafnuenberWO 01/81 801.n known spectral anal yses a
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related to the present invention, utilizing dif- ferent kinds of optical

bandpassTeRITBE ST A eapReBRd Astaminigg dir reesantgrs #id of the other hand evilhus i t
S KNOWNad Py feRfleVarRlcohb o @b Akl QoRRANGRAP ! Ll Bliglec! f omagnet i ¢ or
optical Tadl ation having a 1arge vaverength ar 2a a 6 Créate within the

filter prerequi & dles khownphssthagemtiselidehsity shmldiztivavdltenghbbcaladeimentinf
opto-electric,detector, for, eva- 20luating in this detector and in a connected
uni t, peFIORR HEGVEREEtT apClONS IpSieases withian Brieaged\prepsyRef Sa® pawpln okems |
wavel en j LYe i ; j r I so
Do uppl T od et hoar ancion el 8T DHE OGRS, s irkiqte RARRRor Il SirpfeRan?
angul ar gazand/er eeegivagt Mbdwesei ghgler fésdpplitationpassinegyr lnsd desaraterbafdpass
filter being.structured and/ or constructed to create prerequisites for pas-
25si ng ﬁgyggpg@ﬁ%%séﬁehar row wavel engt h areas. Such bandpass filter

Wi | hsthus be abl@nkRiephbehe ahuritedanat hoBass aoRcdfBsRdeRetora LENGSSRiraNgl e of
i nci dence and _transm ssion of the incident radiation through the used bandpass
filter. ferentkinds of optical bandpass filters may also be noted as parts of the prior art.
Thus it is known to supply at right angles to a bandpass filter electromagnetic or
optical radiation having a large wavelength area and to create within the filter prerequi-
sites for passing a ssiected small wavelength area {o an opto-slectric detector for eva-
20 luating in this detactor and in a connected unit, performing spectral analysis, the inten-
sity of the narrow or small wavelength area and/or its relative intensity.
Such bandpass filter can also be supplied with electromagnetic radiation or op-
tic radiation within an angular area, diverging from said perpendicular passing, with
such bandpass filter being structured and/or constructed fo create prerequisites for pas-
25  sing ancther chosen narrow wavelength areas.
Such bandpass filter will thus be able to offer a wavelength passage dependent
of & chosen angle of incidence and transmission of the incident radiation through the
used bandpass filter.
itis also known that for gases andfor gas mixures of low concentration a high
30 measwring accuracy is required, particularly at or adjacent fo its zero point, in order fo
indicale an achisved resuit.
it is also known and described, from the European Patent Publication EP-0 587
855-A1, a system for collecting weakly shattered optical signals (100) and which system

employs a laser {102}, which Hluminates an unknown gas {107} sampie containad by a



It is also known that for gases and/or gas m xtures of |ow concentration a

hi gh measuring accuracy is required, parficularly at or adjacent to its zero
point, in order to indicate an achieved result. It is also known and
descri bed, fromthe European Patent Publication EP-0 557 655-Al, a systemfor
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t hati.gsai ghd apthatndemiciorddng). (105) is 15 to be allotted an inside dianmeter of
at least 0,5 . L Tgi, s publication discloses, in colum 2, fines 31 to
37, that a fagpg?“s pullication kﬁ?@%&%m?% of Nz nSdPlesaetianwith saikl saskaindensi t y
of the i i St i is here
suggest et hean 31 90, EEHp Bt peddt 108 Riprandid o Mlafelhahiatl{fa). ° Done
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i nvol ves_a_.signifjcant increase jn.th l.exity.and cost of the ratus.
STATENENT RS THES HHESERP B RN AR OTECARY CRE TPRGRIERPPBITTe HaerTe b dnce | s
congisder@the ftated he il BiaflteCONRIIGRLALE @S, that a per- son skilled in the

relevant technical art must carry out in order to offer a solution of one or
nmore technical phopdtisatpe dissiasiks. erelwand. ilines i34 by 7a thd adfsstoryivaidm-edge  of

t he neas q to be taken .and on the
orner - natd e REELObBs HERER.Rh RERGHERS oblBh. B o b bR BB elosary.
the fol | sivhgathd patndf-the stimulating beam. i is here suggested that the pressure is to be
increased inside the sample cell or means {1058}
20 Howsever it is stated in that publication that such actions usually involves a

significant increase in the complexity and cost of the apparatus.

STATEMENT OF THE PRESENT INVENTION
TECHNICAL PROBLEWM
25 if the circumstance is considered, that the technical considerations that a per-
son skilled in the relevant technical art must carry out in order to offer a solution of one
or more technical problems are on the one hand initially a necessary knowledge of the
measures andfor 8 sequence of measures that are to be taken and on the other hand a
necessary choice of the one or more means which are necessary, the following techni-
30 cal problems should because of this be relevant in presenting the present subject of in-
vention,
Considering the sarlier state of technology, as it is described above, it should
therefore be seen as g technical problem to be able to understand the significance of,

the advaniages related to and/or the technical measures and considerations which will



30cal problens should because of this be relevant in presenting the present
subj ect of in- vention. Consi dering the earlier state of technol ogy,
as it is described above, it should therefore be seen as a technical problem
to be able to understand the significance of, the advantages related to and/or

the techii aakbedRas WiafaRE Mﬁé%h@éﬂn@%a&&bt@ﬂ o &;B?ctkﬁaﬂsggésgrsvmw%iﬁd
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said transmttin ns in the formo IRI| Infra Re to be
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is such a way that a nodul concentration of gas I1s to be adapte
cr eat i ngherargeiifedat i ng one or nore 20differential signals, whereby a static IR

o ocessing. - There'is pdgRhEh BBieh L GRS B ePE T H ke
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20 differential signals, whereby 2 static IR signal of the environment can be subtracted
away in a chosen signal processing.

There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for being able fo limit the amplification factor in the calcuiations of absorption

25 50 as o thereby be able to limit the effect of 3 noise faclor or factors.

There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for having prerequisites created for clarifying a zero point andfor a zero point
eITor.

30 There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for letting a source of IR light emit @ constant continuous and pulsed light and
maodulate the pressure of the measuring gas with the purpose of thereby having a dif-

ferential signal generated.



30There is a technical problemin being able to understand the significance
of, the advantages related to, and/or the technical neasures and
considerations which will be required for letting a source of IRfight emt a
constant continuous and pul sed |ight and nodul ate the pressure of the
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subj ects of i ddwrefs aiesruvcalmapemsiarhaing phiscte. understand the significance of, the
25  advantages relaled to, and/or the technical measures and considerations which will be

required for letting a limited spectral analysis be adapted to a measuring technology
within gas analysis and gas concentration measuring wherein a specific "spectral signa-
ture” or a "signal impression” is required for lelling these be the basis of 3 matter-unique
identification and/or content determining, at least in a low concentration of gas.

30 There is a technical problem in being able to understand the significance of, the
advaniages related {o, and/or the technical measures and considerations which will be
reguired for fetling & small number of wavelength-specific measuring points or spectral
slements, at lcast one wavelength point per matter, be the subjects of identification

andior surveiliance.



There is a technical problemin being able to understand the significance of,
t he advantages related to, and/or the technical neasures and consi derations
which will be required for letting el ectfomagnetic bandpass filters be
utilized for creating neasuring signals at fixed predeterm ned wavel engths in
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capact oL e BRlepceriube diofe SHphnsaS e and aassen 825 Of Gapbdpe for
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advant ages related to, and/or the technical measures and“consi derations which
wi || be gregsifeatplivered.etting the overpressure sel ected beforehand to be

ener at ed by nj - . . ere | t ni_cal.. prabl in
el ng abl e to a7 Re i TEPRM Pohsiee B Eite ok sCh Rt T e
and/ or thivahesduy eblteRA NS Bdecintisaidreadired 2ndhictRidtrorowhigBukii ed for
I etting the mechanical neans consist of a piston- Cél i nder - arrangenent, the

pi st on JRAWREE FTiIgtingape SyctrsenBie selaated betarehamtbaedariassand apleatsdunini ng
POl BLS 1dhnd@nce of the abllity of absorption valid for a selected gas at the selected over-
pressure andfor a gas mixture.

There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for letling said correction circuif be placed in cooperation with a correction unit

25 with a circuit determining the absorption capacity/pressure of a selected gas or gas mix-
iure.

There is a technical problem in being able to understand the significance of, the
advantages related to, andfor the technical measures and considerations which will be
requirad for istling the overpressure selecled beforehand fo be generated by mechani-

30 cal maans.

There is a technical problem in being able 1o understand the significance of, the
advantages related to, and/or the technical mesasures and considerations which will be
required for lelting the mechanical means consist of a piston-cylinder-arrangement, the

piston of which is adapled to move reciprocally between associated turmning points in a



cylinder unit. There is a technical problemin being able to
understand the significance of, the advaptages related to, and/or the
techni cal neasures and considerations which will be required for letting the
mechani cal means consist of a magnetic body oriented inside or in relation to
t he neas#ﬁhﬂg rG8k!, said body being provideable with an oscillating notion by
an oscillating electrlc circuit surroundi ng the body. There is a

t echni cal probTiereiin aﬁech&gcﬂtﬂrebﬁm imiskeing tabledidt dvedag b @nidfthe aiipdficancetdighe
advantage Iated to, .and/ gr the technlcal nmeasures and consi der tL?ns whi ch
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t he &dvaintratpdionrelth masnrmgnaﬂ,cﬁasd Ibedy beng palvideshéuwids aandodiatisg destati ons

which will be r i r or Iettln ng chamber be adapted to a
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t echii cabetweasUr 85d aod«gzg@naha%rmbumsswmemll be required for letting a
correction circuit be adapted to deliver a signal or value of the gas

concentration réaiea tﬁ@’“ﬁﬁaié}fﬁﬁ@ﬁhﬁ?@nﬁﬁbﬁiﬁwdersmﬂﬁ the pigsificanse it tbehni cal
Dbl o adVNEidi ARlied o JNMIET 8B iDe ALALLLL SRS Al LG AMARNARER |

rel at ed i cal MBASUr ea-and consi era Sdns

25r equi rredufred fdrdettingghe ansbwiriegtchamigndtd sdamdi ab Bomjurhetofeehicsaintm?,
transmtting neans sal d sensing neans, be adapted to pass a specifically
adapt ed BiHT e ?mﬁ@ﬁgggssﬁa# Fliter. There is a technical problemin being

abl e st o under stiand id Beesh AR H:S8RALINO ol é%ﬁi@ﬁvme?@%%drtﬁé %Wﬁéa%ce%@% gr the

techni cal neasures and consi derations e require I"'etting such
bandpas saduantagesoelaied angudi/osihedeciuniosd wessons tandotosdidesatidye whicBGdbbe to
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emtted gdz®and t4angm.tti ng nmeans There is a technical problemin
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required for letling a correction circuit be adapted to deliver a signal or value of the gas
concentration related o an atmospheric pressure.
There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
25 reguired for Istling said elsctromagnetic radiation, between said transmitting means and
said sensing means, be adapted to pass a specifically adapted optlical bandpass filter.
There is a technical problem in being able to understand the significance of, the
advaniages relgted fo, andfor the technical measures and considerations which will be
required for lefting such bandpass filter be arranged, structured or constructed for being
3p  able to offer a wavelength dependent on the angle of incidence in the transmission by
the electromagnetic radiation with a large wavelength arsa generated and emitted in
said transmitting means
There is a tachnical problem in being able to understand the significance of, the

advantages related to, and/or the technical measures and considerations which will be



angl es of incidence or simlar, be adapted to have separated a first chosen
spectral elenment and/or a first wavel enggh conponent from a second chosen
spectral elenent and! or a second wavel ength conponent within one and the sane
transmtted el ectromagnetic radiati on. There is a technical problemin

being a o [r AN : o,

and! o tora B REHGAG SRl SREE1Rle sk IR RO SR L B EHERRAG o

letting s=gids shiricidemcadapimilare becddaptad toyhdee beparblert 4 Gradehesén apected wig-i ng
ity over said intensity being valid
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t he advantages re and/ or the technical neasures and consi tions
whi cls wi méticomciadgmi red for having arranged adj acent to said bandpass filter an
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techni cal neasures and considerations which will be required for letting said
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2ble to JAUES FrEhBENS Srhntb ikl ek St Bisdishv B3R P BPLRFE o or

t he 1bechire dlavBRAGH eSmpotemanal/desad keoGraMaicRem | | be required for letting
the optical (electromagnetic) bandpass filter be adapted to be capabl e of

defl ecting an 1HEdeAteaicairaabiRmM toeriopEbitlc widasresdibraindicanceadi %ei on to
at | e?‘“ac’i%ﬁéﬂ%&é iRk t&,%})é?&! th%rkgcﬁéiﬁgﬁxsé u%%%n@“&in%?de%ﬁié@ {vﬁ&:ﬁx'&iﬁ be'

out goi ng angl €5, each on'e bel ng appl i cabl e Tor "narrow wavel eng conponent s
and/ or speeiredfochaimenbsandsd bdiens tiasdi¢ Canidpaks fitadrespéming er roviabibe to

under st and. t he, si gni ficance o t he advantages rel ated to, and/or the
t echni cdlMi$egdhe gg@é@f%@é‘ﬁ% ﬁéﬁ‘g’ttfwi qorragneticdad@tien for letting said
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and their radiation to be relate y to a mai n angl e of° the i ncom ng
el ect r oredyretigey wiktad torenvliprivedeshnicsionasswes anddcahsidessdrnamhichiwsilibe becone

30t he object qof an.analysis in the . unpit .performng,the spectsal al ysi s.
There i seauredi BudRARPRRNTY BrREoRsECT R GRIE AT QR g RPEance of
t he advapdmagessT@bateRdntal naRd/diectibe of ftgRal nmeasures and consi derations
which will be required for letting one and the sane banggass filter be adapted

to receive onel 8 it Réeehmealiirabion inkeina sl Wovmargtaaridoe smiipseceef, the
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wavél eng S or’ spectral enents occur 1nany
required for letting the optical {electromagnetic) bandpass filter be adapted o be capa-

ble of deflecting an incident and transmitted optical or electromagnstic radiation to at
least two different optlical and predstermined angles of reflection or oulgoing angles,
sach one being applicable for narrow wavslength components and/or speciral elements.
25 There is a {echnical problem in being able {o understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for letting said angles of reflection or cutgoing angles for the narrow wave-
fength components and their radiation {o be related exactly to a main angle of the in-
coming electromagnstic radiation which over its associated detector unit is io becoms
30 the objsct of an analysis in the unit performing the spectral analysis.
There is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for letling one and the same bandpass filter be adapted to receive one and the

same transmitted and incoming electromagnetic radiation, in which radiation two {(or



There is a technical problemin being able to understand the significance of
t he advantages related to, and/or the teghnical neasures and considerations
which will be 5 required for letting a nunber of bandpass filters sel ected
bef orehand be adapted to receive individual or the same transmtted

el ect r omaRsldiderebAllilboiddwWILERHANABL AR BELRLI A0MeRls bERRIn BHD
di fferent vel engt h conponents or Spectr el enent's occur. efe is a
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advant ages related .to, and/or t t echni cal a es, and. consi . derati qns whi ch
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opto-el ectric detector h is adapted to analyse its electrically associated
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said optical band pass filter selecting filter acting on optical interference.
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di screte receixer unit,. , There is a chnical problemin,.being._able to
under st and theﬁﬁraﬁ“f'?itﬁmﬁfm&?r?b _ ’%Wﬁﬂ@%’g%g’ ?'ﬁ%é&gttg? SWWC?%@{ tl?‘e
t echRi CabaviRASIHLRIARH 16 0Nl /deihatibonsicithe Bs Wk arlPecdrRfil hGShd -@ﬁich%'ﬁ g;%g

det er m ne an I hst ant a'neou‘sle/ occurring COI’]CF_,‘nt rati on_ of a g?.S as car
di oxi de fegeE®d {g0Thesid aptical baruinsissditeprelprng filteraiting cabbeticad injedenestand t he

oL LLeance ChgbIE oJRATL9536F 850 SR iod Bbe PR BB B

i mted spactadacioigel e, selisi he (eeamsaaxbbbifesargitidraeRraesid @Richetilieet i ng
el ectromagnetic radiation for deflecting radiation portions obliquely towards

one or NEREIBAMRIPEESTrSAIY epenipgiciyviBueY seid drndrass it ant/eplasuidgighen- 11

20  neis related to said unit performing the spectral analysis be coordinated 1o a means re-
ceiving andfor sensing the same signals.

Thers is a technical problem in being able to understand the significance of, the
advantages related to, and/or the technical measures and considerations which will be
required for letling said opening or window, said bandpass fiker and said channels be

25  coordinated {o one and the same discrete receiver unit.

There is a technical problem in being able to understand the significancs of, the
advantages related to, and/or the technical measures and considerations which will be
required for letting determine an instantaneously ccourring concentration of a gas as
carbon diexide {CO;).

30 There is a technical problem in being able to understand the significance of, the
advantages related to, andfor the technical measures and considerations which will be
required for letting an end portion of the limited space facing the sensing means exhibit
a surface section reflecting slectromagnetic radiation for deflecting radiation portions

obliguely towards one or more bandpass filters lying outside of the limited space andior



wavel engt h-si gnificant detectors. THE SOLUTI ON Thus, the present invention
takes as its starting point the known teﬁmol ogy 5 nentioned by way of

i ntroduction and based on an arrangenent” adapted for a spectral anal ysis of
gas concentrations having a transmtting neans adapted for an el ectronagnetic

radi at i ORaydiBn@ECALGARSS Mibdptdie preanmble of the follow ng patent claim 1.
In addition to said transm | ling neans the arrangenent is for gas test

analysing to indicate a limted space, in the formof a cavity, serving as a
measur i ntHEGQLUR{GNdIed 10for the sanple of gas and intended to be able to

define an opti.gal asuring. di stan or path, a sensjng .neans for said
el elct r _onagngt : %%%P%Je@:‘?ng%’%ﬁ %nga%eé % %ﬁéﬁ‘ﬁ%ﬁ@ﬁ%ﬂ}%&rﬁi‘@t @ﬁggﬂl?)glgm sai d
transm thisAgoRRERY wANH iRretlidioRAMHIESI K& & ah %%hgggaéﬁ@éaéﬁa%!ﬁa éﬁ%ﬁﬂéi and

perform ng spectral analysis, wherein said nentio means sensing the
el ect r onzigaietis of gadlcantarratonsdepirgda trenbmittiog shednseaddpted Erairesiecvomgget i C

di ation. 15which is intended t | | withi tral wh lect ed
waver engratcsniaien Ao vah i putrutene s ESh e EeFE bR ame sub; et s
of an anal ysi Sniz#dithe tanidid PRREQITRG ehddte thEesidralenaltly B fakbstdaiArdidi ng i n

this unit the relative intensity of radiation of the wave-I'ength conponent or
t he spederiafiicaisondimited space, In the fordef a cevibo|Spevinneser mespwing cethnierdgthi cal

Phat & naol B8 SEN G, A ARser Bua 2Rl od BYETh sREnE R o BS e bRy dlfihG2y™
sai d negsithj 8geasiaghesaheioplsatedeundetonstionRliatidd SSSiiEssiiqggRabekagehand and

wherein an achi eved result, depending on one or nore wavel engths being
absor bedng Hligtag BLF3A FaoRRbER nopaieAnd 5 Ynit sppvesrded allegvbio said 6enegi on
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transm talecigonregnstid radidtenfiomaepied R be shtsitie bethemsiatiaimeghalk: waibant or at
set 160 VARh 5 AFTOFGBal RN & SReEEr eRaIGE TeciPd RN ameoneRtohg or
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related to the environment 'is to be subtracted away in”a chosen s
pr ocessiing the spectral aaglysiscios detanménipodd Honusitfibe Felatvanintensitytdicadinbiom obf t he

et od MRS EHA et Pehiretihl RebPTBIBEN capabi 1ty valid at the chosen
over pressure figoréechastre gas cAntreuf @asiechnical prablems mentioned above the
20 present invention more specifically indicates that the technology thus known is io be
supplemented by lstling said gas in said measuring chamber be placed under an over-
pressure chosen beforehand and wherain an achieved result, depending onone or
more wavelengths being absorbed in the measuring chamber or cell, is compensated
over a correction circuit for the selected overpressure such as against atmospheric
25 pressure.

Moreover the present invention is disclosing required for modifving said trans-
mitting means in the form of IR light to be maintained as constant or at least essential
constant and that the pressures of concentrations of gas are set to vary, that a modu-
lated concentration of gas is adapted for creating or gensrating one or more differential

30  signals, whereby a static IR signal related to the environment is to be subtracted away
in a chosen signal processing.

As preferred embodiments falling within the frame of the present invention it is
in addition indicated that the overpressure is to be adapted and chosen responsive {o

an absorption capability valid at the chosen overpressure for a chosen gas andfor gas



m xture. The correctiocuit cooperates with a correction unit having an
absorption capacity/pressure fornula for,_a circuit determ ning a chosen gas or
gas m xture. The overpressure chosen bef6r ehand may be generated by a
mechani cal nme- ans, wherein said neans can consi st of an arrangenent of a

pi ston apd.a.Ccylinder, whose piston is displaceable positioned between

associ ated turning points alternatively having the nmechani cal neans consi st of
a magneti c bodihscoeatiet drtuithmopessas Wil £ ebirection avit bivibgdy: sbsoesitind | at i ng

novenent can_ b rovi ded a surrqunding electric circuit. According to the
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able to offer a wavel ength dependent of the angle of incidence in the
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wavel en cofpone orf a narrow area 'or a rst chosén el"énment (s)
froma szgomed ichesesgendihehdt i, coopasent(s) 1ot tai:Garrow area or a second

chosen spectral, el enent wthin the transmtted el ectromagneti ¢ radi ati on
and said unit greaa%%p@%%zagrss e éB%fbtgg C@freﬁg?‘é%?ﬁ‘@smam PHERIIAti on
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t he basighatorwepsuréf the 30 present invention it is also indicated that

adj acent to said bhandpass filter there is.to,be disposed.an,openi or
mindow 11 i 1 hgeBRBFARE Ml i PrahSRUR g Ridhi R tbRP FREGHEF el SR i B

radi ati ad slectromadritichelE¥es dah, betidh Sal etinkRating 3heh PN BEidsnstdow,
counted in the direction of radiation, should be orrented in the direction of

t r ansni S8EBNS. ReoRPrIdad tpass atanjicaebandpass filter adaptad to frequency andfor wa-
20  velength, said bandpass filter being structured and/or constructed for being able to offer

a wavelength dependent of the angle of incidence in the transmission of the electromag-
netic radiation generated by said transmitting means.
This bandpass filter is then adapted to separate a first chosen wavelength com-
ponent{s) or a narrow area or a first chosen spectral element(s} from a second chosen
25  wavelength component{s} or a narrow area or a second chosen spectral element(s)
within the transmitted electromagnetic radiation and said unit is adapted for being capa-
ble of detecting occurring radiation intensities from more than one such spectral ele-
ment over one or mors oplo-electric detectors.
As proposed embodiments falling within the frame of the basic concept of the
30 present invention it is also indicated that adjacent to said bandpass filter there is fo bs
disposed an opening or a window, limiting the dispersion angle of the transmitted slec-
tromagnstic radiation.
Furthermore it is indicated that said opening or window, countad in the direction

of radiation, should be oriented in the diraction of transmission, counted immediately be-



fore and/or after the used optical bandpass filter. The opti cal

bandpass filter is here adapted for lelling an incident electronmagnetic
radi ati on be deflected into at |east two different predeterm ned angl es of
reflection or outgoing angles of the el ectromagnetic radi ati ons. Mor e
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t ransm tihierigpsiealineptic2bindEemAEES The advantages that primarily nust be
considered to be ,characterizing of the present inyention an h her eby

i cat e spechTPEPENGid 71 WAV RAILTISA Ban GRS WIar AR0/ARatgod R tave been
creaked QI ALLYLaLLAH fornlify 38R IRNILIRAY SR IRR IR diRkteaRE el fRbiving
analysis, a transmtting neans adapted for &l ectromagnetic radiation, a’space,
and a sersl/agsensing oheangdhd samscsigoategnetic radiation fromsaid transmtting

means, and in the concept of the invention evaluation of the existence of and s concentra-

tion of carbon dioxide {(COy), a5 in air or in exhaled air, is included.
The end section of the limited space facing the sensing means exhibils a sur-
2¢ face section reflecting the eleclromagnetic radiation for deflecting the sleciromagnetic
radiation obliguely towards an adjacent bandpass filter,
A ray of light {in the form a narrow eleclromagnetic bundle of radiation} or a
chosen portion of light rays may {o advantage be adapted so as to be directly directed
at a right angle towards an oplo-electric detsctor from a transmitling means.

25
ADVANTAGES

The advantages that primarily must be considered to be characterizing of the
present invention and the thereby indicated specific significant characteristics are that
heraby there have been created prerequisites for, in an arrangement adapted for speo-

30 tral analysis, a transmilting means adapted for electromagnetic radiation, a space, and
a sensing means for said electromagnetic radiation from said transmitting means, and
a, al least o said sensing means, connected unit performing the spectral analysis,
wherein the mentioned means sensing the electromagnetic radiation is to be adapted

sensitively for the electromagnstic radiation passing the filter and being intended {o fall



a, at least to said sensing nmeans, connected unit performng the spectral

anal ysi s, wherein the nentioned neans sensing the el ectromagnetic radiation is
to be adapted sensitively for the el ectronagnetic radiation passing the filter
and being intended to fall 14 within a spectral area, whose sel ected

wavel engh s RAe §r@%wsm&té§'wﬁewﬁ%c &ﬂéﬁt%@@sé}éﬁm@@iém of an

analysis in the unit performng the spectral analysis for wwthin this unit, by
vari ous mahturaticdesordetheratiinting anhanalgdiain he yrddpeféronng thessédise! ahabhe

spectral .el.enment. for c ressed ncentrations, . indjcating fhat said gas
Soi thi n S84 LS PG Rk Faesss SARuERaNS) ShBim BiihedeliacearHp naersty
OVer pr esgiihe spebesriiymandelrictaifdssasyhi codlenfndiond, PRicARRy MatRi®gas

wavel engt hs, bei ng absorbed in the neasuring chanber, is conpensated for the

sel eét edvEviaspickEs@sEriny chawder scioi snpleiced winder a predeterninedovenprelsevrepr oposed

botvieon LapRVRNANELGF ST ATRONRAG Sof S8} LB WankRodtsn BaRk TRl
const r uchedneptirial cHanigRasscdrhbéSiateddiths datb e dpagssddurs e Delmartion

structured for being capable of offering a wavel ength dependent of the angle
of inci d@i&& for transm ssion of the el ectromagneti c radi ati on generated and

sent out from i ] j ; ion is
ool oot ng. Lo R HAbEABRDCSEY Wt TR Ban e M OKE o BEARE RN bEOT (2
Rﬁd loi %Mdagﬁi@d bepass Pewmas tmsaﬁt&ng rogaral aheasit LSk :hahn%%rﬁmtaﬂt and
that the essures conc tration (0] S are set to_vary. an that a

modul at Gi< %%‘@?Ft%%’?%ﬁptéﬁa?gﬁgi—’%ssa_ t551 WP e bretRATGISF DR BIGgIdor

di ffer erﬁéaﬁg cah8hRlof dﬂ%ﬁhg%ywévéé qn%é;i%ﬂ%ays% th%faﬁé?@o%ﬂﬁ]eg&gﬁﬁﬁ wgRd be

subtracted away I n a chosén 20si gn processi ng. ject matter

t hat primissidnoidhe diectconagrdicaddiatiobeisrkantadtzrd sEmgubfrotrhesip tesentittingvent i on
is disclosed within the characterizing portion of the follow ng patent claim
1. SHORT'BESERI PTI ON OF THE DRAW NGS Basi c principles for enabling eval uation

of HBASUr eNENRIHEEUEAEY PhbidhiaNPidtiod0s CORGAIMS &f HeaTy Abiidenantidy #eank! Y
proposed enbodi nents exhi biti ngﬁ‘t he significant characteristics related to
{

this i nvadte &bl iR kg (dradBsd divbede berrasishiaed s aonytander ekienp! e$sardiel on
pur poses, W f C LNQ. dr.aw ngs, i i,ch; Figure 1
i Oat st kodbb R e it TR PN P BrdVEBie HiBene atea
concent rratdoiassd concentration of gas is adapied for creating or generating a differential sig-
nal, whereby a static IR signal of the environment can be subtracted away in a chosen

20 signal processing.

The subject matter that primarily can bs considered o be characterizing of the
prasent invention is disclosed within the characterizing portion of the following patent

25 claim 1.

SHORT DESCRIPTION OF THE DRAWINGS
Basic principles for enabling evaluation of measurement accuracy with small
30 concentrations of gas and presently proposed embodiments exhibiting the significant
characteristics related to this invention will now be described more specifically for ex-
emplification purposes with reference {o the accompanying drawings, in which;
Figure 1 iilusirates in & a time-related sequence for testing a gas with different

time related concentrations,



15 Figure 1 illustrates in Btine-related signal responses from signal
sequences of an opto-electric IR detectots(infra Red detector), Fi gure
1l illustrates in Ctime-related nmeasuring results cal culated by a gas neter or
measuring unit from signal sequence, illustrated in Fi gure 1B, Fi gure

2 shows the priagiheioirAcdRABLIHEGeRidNgRMRELadan Rohni né%%eﬁ@ﬁéé%f

concentrations gas gas m Xt ures, h as s trations of gas,
whi | e utém Q@tmgiem?l‘t@@ﬁﬁ@i?é@fraﬁieﬁd&t&m@mm tting means, a limted pressure

perf or m ng. SperBEr dfanrars P e felad BePatiTin chul§ Sl ST R R iR

correcti@pge ma;amhngmeﬂﬁﬁtstg?&i %@&ué&éﬁﬂt;@&ﬁt@ il MguRbsgr ption
ability/pressure, igure 3 shows the principle of a known receiver

unit Sor a sens?iﬁgr@r@a&i’@wsihg mmﬂmﬁ@ﬁﬁ@emmar@g@e@mMﬁmmm~

Technol o NDI Technol ogy)
or ocoas el SEEG BRGNS b Bk i0r SOCRREL I SR BE S AP BRI Frofc
present whkentlidih@NDIR technolofy githe: Saanditiinmidan sé tinfile8pré¥urBassikiaey pur pose
of illustrating tinme-related signal responses of an IR detector in an IR gas

met er i ngSRA%A 20aReS i hEPTBlepiRni sa3 62 ARESINE MIRANSHRA #iusd RAMRTMENY 8xetr nal
|
partia | Onﬂ@ép@ﬁltﬁ?ﬂ%@iﬁ&é& i% Hﬁfaag'{ it iag(ﬁﬁ?(‘ﬁét: LY R B ernéém‘{ﬁrt

|IIustr tinme-re a measurin
cal aul atiag mvmiimabmanfabdmyipmssr@nal sequence illustrated in Figure 5D,

Figure 5 and its illustrat| 3 illLustrates tine-related signal responses
for an IR det doBYFe PrENYS eg“é@%%é’ﬁ?l WIRESIVRT WREL Oh 2t968SING fi“?@ﬁ% 5Burce i s

adapt ed érﬁé-@ﬁéﬁneﬂ-fﬁé’é@rﬁ@t §!r§%5'% NER! T@gﬁ%‘%ﬁ@%&?‘d@ its | ﬁﬁ;st ration

varying the pressure of the asuring gas i gure
"G il | useratds {Bwﬂﬁ@mf\&ﬁﬁa’fmgm@mwn calcu- lated by a gas

geRiasEgr :Z)E%Cgln 'Pt B0 @%@%%ﬁ@% nal n% %%g:eafrggc ?gfe}el;*lic%styt%te %geéenntlt:ﬁvgeur e Sk,
15 tion,

Figure 5 and its illustration “B” has the purpose of fllustrating time-related sig-
nal responses of an iR detector in an IR gas metering unit, according to Figures 18 and
1C but modified with an external partial system for compressing the measuring gas,

Figure § and its lllustration “E” is a time-related illusiration of a measuring re-

20 sult calculsted by a gas meter from the signal sequence Hlustrated in Figure 50,

Figure 5 and its fllustration "F" illustrates time-related signal responses for an
IR detector in an IR gas measuring unit in which the IR light source is adapted to emit a
constant IR light and instead exposing a modulation by varying the pressure of the
measuring gas, and

25 Figure 8 and its illusiration "G” Hlustrates time-related 3 measuring result calou-
lated by a gas measuring unit on the basis of the signal sequences illustrated in Figure
5F.

BRIEF DESCRIPTION OF KNOWN CONSIDERATIONS
30 Figures 1A to 10 have the purpose of schematically dllustrating a test gas se-
quence of different measuring principles while utilizing IR detectors in an NDIR gas me-
tering unit.
Hence, Figure 1A illustrales contemplated test gas sequences and has the pur-

pose of llustrating the practical measuring accuracy of different measuring principles as



30Figures 1A to 1C have the purpose of schematically illustrating a test gas
se- quence of different nmeasuring princijples while utilizing IR detectors in
an NDIR gas netering unit. Hence, Figure 1A illustrates contenpl ated
test gas sequences and has the purpose of illustrating the practical measuring

accur acyreRftedid ﬁﬁ@éﬁcem@%aaw&aéysu%d Bh&3adplesl6 related to the concentration
of nmeasured gas sa Figure 18 il'lustrates signal responses of an

| R det ect or i rFiguner |i§tustmms ﬁga@sresmnmﬁamﬁ deteetdir iy adradigzslclasgicahi t in

whi ¢ ized IR.|I t source flashes w th ose of ner

't £ or erPLR 9BE GraFiae 8 ing ot 6 AR M i IR IO BT R tr PR kb iee

subt r act@dpbse af Hohdthd @ SffeRMaPEERSISE MGt a static IR lighter#@kliroliddifdhy Vvisible
weakeni ng of the anplitude of the signals in. increasing gas concentfations

shouFd bamis sdbiiesied in a followingisigned pr@assingst rat es the devel oped measuri ng

I f th
L P A el BEFBRE P S Sed Bar R b e
noi se Ie;wcm{cetnhatgﬁy§gmmadw eitatiees. the step increases in the test gas
sequence basi caIIy i mpossi ble to discern. This al so shows that the

result of the dﬁ%ﬁ%‘f@ﬁbﬁ#@t@f@8&%’@%%8@%!%{%@&%@5@1 %@#ﬁﬂﬁmﬁty fgr
t
ther mal é/&bkcgér!c%%nh Eﬁgd?é‘%%f w%k%ré%%@réﬁi{s%@arﬁﬁgﬁ sﬁé@%% kY etgfégo R 19

source is nade to as sat a frequency inc nponents
per mict (ifregsjyent pplif of the oy leabl of thesiypiging Wwieith Iﬁakdsuhermmlmrma‘shﬁmml
noise is transferred as noise su ed on the devel oped neasuring val ues.
Utilizi ng>h8%% ?Weatﬁﬁ“?%’ﬁt‘mES ?‘%E’%ﬁiﬁ%‘?"@at the noi se normally provides a

sol u- This also shows that the result of the measuring is affected i.e. by the detector's
great sensitivity for thermal variations.
in order to minimize this negative influence the IR light source is mads to flash
15 at afrequency "I as high as the included components permit {frequency " is typically a
single Hertz), but remaining thermal noise is fransferred as noise superimposed on the
developed measuring values.
Utilizing a stronger IR light source to defeat the noise normally provides 3 solu-
tion, however a stronger emitter must have more massso asnotiobumupand a
20  stronger emitler with more mass brings about a lower possibility of modulation, i.e. what
is gained in increased power is lost with a lower modulation frequency (the noise de-

creases by a factor "1}

DESCRIPTION OF THE PRESENTLY PROPOSED EMBODIMENT

25 By way of infroduction it should be pointed out that in the following description
of a presently proposed embodiment which exhibits the significant characteristics rela-
ted to the invention and which is clarified by the annexed Figures 2 {o 5 shown in the
accompanying drawings we have chosen terms and spacific terminclogy with the pur-
pose of theraby primarily clarifying the inventive concept itself.

30 Howevaer, in this connection it should be noted that the terms chosen here sho-
uld not be seen as limiling solely to the terms utilized and chosen here, and i goes with-
out saying that each term thus chosen is {o be interpreted so that in addition it will be a-
ble to comprise all technical equivalents that function in the same or substantially the

same manner so as to thereby achieve the same or essentially the same purpose and/



tion, however a stronger emtter nust have nore mass so as not to burn up and
a 20stronger emtter with nmore mass brings about a |ower possibility of
nodul ation, La what is gained in increased power is lost with a | ower
nmodul ati on frequency (the noi se decreases by a factor in. DESCRI PTION OF THE
PRESENTLy; {BRGRESERFHYBODI MENT By way of introduction it should be
pointed out that in the follow ng description of a presently proposed
enbodi ment whi Thusesiihbieferetibe tsilgniéddlesed Fighesa? te bi stdpestivay ahedremduhe
i nvention, an ichis.clarified t he, annexed Fi gures t, shown in the
acoonparg g DA TR YRR A SORMNEh AL BRdHH fetallyith el gy GA T« ne
pur pose @fai#ibs el tﬁéﬁh\l-éhtiéhaédnwét&%dtﬂﬁhbwthﬁ%)s‘éﬁ%‘FEHE thé *(ﬁicfwing

o

30However, in this connection it should be noted the ternms chosen here
sho- Sul onate specitadly described emipdéokel.y to the terns utilized and chosen here,

dit it hout i hat h hus, ch i s to be interpreted
That 1 n adai 113004 R " Laltifhatl bl bl B Mt A at agmel e that
funct i onaddbtéd eorsaEirar asalPst i ving b hersABnEBRESTs S0 a88plel flbt‘é!e%mé— achi eve

the same or essentially the same purpose and/ or echnical result.
Thus, wiftRgRefEFasigion s wik afype sevelengih dderal. gsowell g8 pditnitadsyaca hein

prer equi,gi t he. L nvent.i tically and..n detail

W th the giam B esar BRERAY ot YGRS FisReRlRY Sl RRTR ebies hifblend, “The now
pr opesedpathdL for shearfiple!" Qo gasmibjstperid 5 abbypreasse | bedasdhoghddio be

Hence, Figure 2 schenatically shows the principles of an arrangement "A"

adapt ed 3¢ ' febee an exast %tfféi HRASHEDE fiPtanss aneatht ti'ng neans 10 adapted for

el ectr omagnet ig, fadhakd Q%éé%'ng\%ﬁné1b%9§%§‘3¥&'s%€@&@&r85§8}‘%§c Afalif bgas a

limted space 11 1n the form a cavi INng as an a measuring cell
and its pasisatgeshideadioai mgadWinptibidnc? "Lofrom ssidpzesi@ingfmeas sl Hoted to an

over pressur Pa),, and i ntended to be able to define an exact optical neasuring
di st ancgr%?gﬁ(ae‘t‘ﬁ%“' Es_aum.%}egor@pgﬁ!é? ﬁ_B?‘éﬁré : iﬁmgn%a &r ﬁ'ﬁc'E%BPSiSGC?Sf or

sai dsel eRinrRERANR! dd EaLIAL Irfdans>t 2 BAS HhAGirP AL RBLd RS o IdBAS HEldit 433! apce " 12
fromsaid transmtting nmeans 10 is illustrated as well as a unit 13 performng
t he specaves s eovHiepsng iegsdiZdihder all circunstances 15 connected to said

sensi ng neans ein i ed o -electric. detector 6,, 3b.. over a
connecting | ea%@?%owﬁ{e Hé”bﬁﬁ%‘ﬁg’}%ﬁ?gf Al ﬁlﬁ{?‘f"’@ﬁé&sﬂggf@%’s‘i SG9E° Pher ewi t h
associ at3d sdasiegtthe sicirondghelienaingoh Ne” aferl i HBgNGH RnERYLRtbQRe elc-are to
be adapted sensitively to the el ectroma%g_eti c radiations which are intended to

fall w tifimagnalisgediations whichars btandatdgl yothing spepeharea msensiegtedr
| ¢ oot Poile Tro13
D F0r mi i REth CRinacHeRi(E) bO oot SISHENESI Biht 1 Pt BB A St %
dlet er m riptige uhié 18giatdrindng thteestsadingl ehalyadifat pomadfy inlkisnadei Vescsipant mab
el enengs

i VAT €7 T TR TG KT
sei ected pass g;id@ndlRas slectromagnetic radiation "S* between said transmitting means 10
and said sensing means 12 is adapted to pass towards and selected pass a bandpass
25  filter, such as an optical bandpass filter 14.
it is to be noted that the present invention is base upon a modification of said
transmitting means10 in the form of IR light source to be maintained as constant or at
least essential constant and that the pressures of concentrations of gas (Pa) are set fo
time-wise vary and that a modulated concentration of gas is adapted for creating or gen-
30  erating a differential signal, whereby a static IR signal of the environment can be sub-
tracted away in a chosen signal processing.
With the expression "constant” or “essential constant” it is within the scope of the
present invention to generate a pulsed IR light, with each pulse under svaluation having

the same or essential the same intensity or amplitude or a constant IR-light during the



25filter, such as an optical bandpass filter 14. It is to be noted
that the present invention is base upon nodi fication of said transmtting
meansl 10 in the formof IR Iight sourcela%o be mai ntai ned as constant or at

| east essential constant and that the pressures of concentrations of gas (Pa)
are set ﬁx‘éa%&?@ﬁéﬂt%%q}é%ﬁéﬁe.a”d that a nodul ated concentration of gas is adapted
for creating or gen- crating a differential signal, whereby a static IR

si gnal of the ®ush bamimys fi@n 1dds sadvordingde Figusa v, istruatueld sad/os icgnstructed

rocessing. Wth the expression "cgnstant” or "essential. constantwithin the
Cope of ST B © BPabinis 7 HRenvPuRlerayarennisies’ ndr c0a @ FGRICS Wl 1 BT pul se
under evgldigdi %@@éﬂé&%@@@@ﬁg%@@ﬁg&h@}até@ﬁy%éi@tréﬁ%rﬁmé »he%hsg{g?gL' tude

or a constant IR-1ight durTng sur ement “ sequence.
bandpass fil t efhigdangpasciitardidig then Bdgpicel ¢, sesratet Dy edhasdhamgoalihckct ed so

as to be,able to offer a wave| engt h,dependent on the angle of. i.ncidence in the
ED oo S e Bep e SRt P Frtecdad Ceh Speata,Aogiedt 4.

transni t4AdEvdTBaRSeikBiric detectors W ahid AN ARASSIH ddir@bicbfid $aid BBA 12dARERG t O
separate, by a chosen angle of incidence, a first chosen spectral elenent 4a

from a sedamad ehibsenddipedn calerdd deethie 4 detond anwecoping rediadioni integettefror s 3b

and 3tic e th..connecte id unit 13 which is adapted with nodules in

or der tom§ée g%%e‘gheog%ég}ﬁé%cq%%&iﬁ%i ng radiation intensity for nore than one
suchospectral Fheomnt3 pobheinite sbdopel 508050 &xhRissPestdmintcanaldsd sagxhi bits
a transmtter nodule 13a for electromagnetic radiation "S' s over a connecting

| ead 101fcafEcEEmacsEtic adigtonct| Qwatchactivanesdn Oland csbroled aad weliver of
signal r [\ Vi ; r i Vi tector

Cr aner 1 EP oy 4 B ERUNC 0 d6a it B sihal VERBERG oG 3Fr 1 HRRT 488 7 Ui
13b, butrespectivdhe seoring abidujedioattadDhittidkd Eudior gont#nting idhdfs, crapdyd ftgh-si gnal s,
an el ectromaq?neti c radiatio smt- ted fromthe transmtting neans 10

can be BT &y NS PR ngéglhvggt %%%R? iCeNEpEEtY Egﬁﬁér?ét ic radiation "Sb" in
U8R, e CEECRAA] YOS S b 80l D
par ti cultadiforrityetrangmitling stezascld! can hpphirgsreédmwithv a hecaiveabsmrqgitd elaci@Guyet t e,
magnstic radiation "Sb” in unit 13.
The evaluated and calculated result in the central unit 13b can then be trans-
ferred to a display unit 15 as a graph 15a.

20 More particularly Figure 2 lllustrates an application with an absorption cuvetlte,
inside of which cuvette the gas "G” sample which with the assistance of the slectromag-
netic radiation "5a” or considered as a radiation bundie 4 is to be analysed, wherein the
radiation "5a" is transmitied by an emitter unit 10a and is received by oplo-electric de-
tectors, such as 3b, 3b".

25 This emitter unit 10a can consist of a source of radiation and a collimator that
coordinates light rays and has the purpose of as effectively as possible collecting the
emitted radigtion "Sa” with its radiation bundie 4 and directing the same through the
length "L of the absorplion cuvelle towards detectors 3b, 3b' or receiver 12.

The emitter unit 10a can here be given a form of a glowing wire in a glass bulb

30 filled with gas or gas-evacuated, i.e. an incandescent lamp, or a heated resistoron a
ceramic substrate or on a thin membrane created by means of silicon technology and
micromechanics or a light emission diode having a well-balanced emission spectrum.

in accordance with the instructions of the invention emitter unit 103 is {o send

out an emission "Sa" of radiation bundles 4 which at least must comprise all of the



i nside of which Guyette the gas "G' sanple which with the assistance of the
el ectromagnetic radiation "Sa" or considered as a radiation bundle 4 is to be
anal ysed, wherein the radiation 'Se" is transmtted by an emtter unit 10a and
is received by opto-electric detectors, such as 3b, 3t1l. 25This emtter unit

10a can gansidltalwlosomsitits srdcald QfteaRd chiSAddtABAIR N sktﬁ&idleapéét}be&sws

b
l'ight rays and has the purpose of as effectively as possible collecting the
em tted PRdn@EReraredy bagvaiuated in waitdBi on bundl e 4 and directing the sane

ocervor 1. Trae Bpsorpudh ch0GRERARIRA RE APEEH T, EEOC AT FoRSiTadRhg i r o
in a gl ate ddsen3Pplichlicd te thogas mPastasg avasidal Sthe rhafrerdh WG nEeseaNt

lanp, or a heated resistor on a ceram c substrate or on a thin nenbrane
creatted BYNESRE Bf €37 Pe Cspctedinbedyiesisd. Miace wiptasaars$tor a iight emission

di ode havi i _ finol ‘ ! X
Matructions of ety SpENERERS TS Sback TRCFHEIbsd Bidt EQUERTES MhdlidreBusn » o
of radi alyicomstiube tresméchbnichl fdmbeasivhithsimigternit 36 ald reebivehe? 319 finawel engt hs

whose intensjtjes are to be detected opto-electrically in individual detectors
3b, 3bl @ﬁ’&f“&&e to be evaluated in unit 13. The absorption cuvette

can then be dephgRegbctdtsdpf her @ﬂ%c@ﬁ*é? ufgReNgL %aﬁ%{c{}ﬁecrég%:ﬁ% d}?@léié:cﬁ%jééQnéan

t he chosen neasuring accuracy, the nmanner in whic € nea g gas
be éxpectaericogbedamindent edcirid sigoviendriels kleraredbecome the subea ef batakcu-

applicatjons the spa 11..qf, t he absorption cuvette can sinultaneousl
cglrcl)stit g ﬁ@aﬁ'@&%ﬁﬁﬁﬁ%EP‘*%PM‘HW%?&SW@@FH A 10 and recei very12 are
firmy mountedsych units 13 ard RRIARLASH AtBisIBehABal iRfid LEG QY Herkitird n%_@déé&g-

adapted to create the opto-electric 10 wavel ength dependent electric signals
whi ch | agted inededal Bepacome the subject of a calculating analysis in the unit 13

perform ng thess . . | yiSi Such its. 13 are well, known in this
techni cal fi e%&gﬁ%ﬁ%ﬁeasﬁ ﬁ%rn }eﬁg %?% Cﬁ%ﬁu;%%&? g@%sﬁ&hﬁis%eé«ysdplreﬁgﬁai_ gas con-
Sai dsuni gerititiog driendeds kadtalmbale dhpgeesul t that shows a rel evant gas

con-15centration gnd/ or a Igas and/or a mxture of gases. In order to
be abl e to of fB=Taf 1rRe aBEdosfienaRdagarye REASORSIRYY SumsringiseysitislisPusd to

7 oo od o AR o TR S5 O oL 08 APUEABRIRARAEL
wi t h multi' phie saef becedlond hysitigest bptkalandirgentdntyy suthmsawie asuiplegetiet-l or
the Ti mt¥a%dpa$£saa%eesjbjﬁcksa%d%%}th%\ftjathzmo gur!*a?eia u%ssnsg c?eﬁg (larsthe timited space 11, so called
20 multipass cells.
in order in addition to be able to gather or concentrate the emitted electromag-
netic radiation "5a” that the collimator or reflector 10b cannot entirely collimate in the
desired and correct direction it is possible to utilize, in known manner, absorption celis
having reflecting inside surfaces and having their geomsiry designed such, that the light
25 from emitter unit 103 is led forward towards receiver unit 12, such as a waveguide.
Figure 3 schematically illustrates a known receiver unit 12 adapted for 3 one-
channel measuring technigue, wherein the emitted incoming light ray 4 is filtered opti-
cally through an interference filter 3f, which in this exampls is mounted as a lower win-
dow on the enclosure 12a of the receiver unit 12 in connection with an opening {an ap-
30 erture) 3i in the enclosure 12a so that solely electromagnetic radiation or light 4a, within
a very narrow and well-defined spectral interval, passes filter 3f and reaches an oplo-
glectric detector 3b, which is sensitive to this radiation,
Opening 3i has the function of filtering specially, .e. solely letting in towards

detector element 3b the electromagnetic radiation 4, 4a which connects to the direction



In order in addition to be able to gather or concentrate the emtted

el ectromagnetic radiation 6Sa" that theggollimator or reflector 10b cannot
entirely collinmate In the desired and correct direction it is possible to
utilize, in known manner, absorption cells having reflecting inside surfaces
and havi t.hei t ' t ' Ik uni t
T0a 1o 1 o aRter §RR P dt: CPSIARE AUt and 3 Rletbn o Gl or i ceRh S Wric St

Fi gure 3emvdbewdl be able/ic ddrisbutatregativiinemd disiodiingly amihe kiodsiagdtredulf aitha
one- chann neasysing techni que, wherein the emitted incomng light ray 4 is
filtered” b?iu@%l through an interference filter 3f, which in this exanple is
mounted as a | pyEEioM Rioed o5 H ; i | ' iriksN
connection with an d(ﬁ%@%ig#g@?hﬁ'gg- 302?Fgﬁgﬁggiao%hééi?ﬁ‘gﬁé?%gﬁ?gﬂli%)g%éiglgt hat
sol ey etvetd esiwajines the staditars ¢ineretdigdnumblZwi thin a very narrow and

wel | -defined s tral .in I asses f.ilter. 3f .and yeaches.an optcel ectric
det ector 3b, vﬁ%ﬁ@”?‘%‘&%@ﬁ%@“?@ ?’ﬁ“%pi?z?(ﬁ %fttfugr?lypea ap%c wgﬁﬁn@‘%ﬁuﬁ‘as t he
funct i ondegtbcfor) fi@bbRarENesEakh vr sbfe GBbElYm Slthbngal detb@vRY 95 cfel-eR8lc
el ement 3b the el ectromagnetic radiation 4, 4a which connects to the direction

20 from @fvEf¥eNunit 10 and to suppress light and radiation from other

ai st ur b gl y oh ' RPEPE e SR BB GPRET n Y ORI 8t efiing sy o,

wal g | amelidndFogstmedype ofiplich sigsdis elidisaciaganashabbers w hoWagbngenasfl d as
well as the structure of the receiver unit 1 Det ector el enent 3b can

2.
for exanPeiberEsRANg toype Benatphole rarBaen Aguanit infressetbornoppasensct ric
:jtet ect Orth%ugf?‘Pﬁﬁerﬁ%?%E ﬁﬁ@'&ﬁ% gﬁ?rté}?r mal detectors for cpto-electric conversion.

is inmportant t e opt-electric detector 3b has the ability of
gener ati ng so-By meemskifnitstnatasbaectiperoieciire o ldds 3, fratreselwssrisisigatnd

h to be d t of dt d the i nt i f th
R s el R R R e at LA PR
3f. 15 foliowRY JMpiferQiadd {ﬁbitshamgarﬁmmiaﬁdﬁ&r&ﬁéﬂ Sb8tr&fickBEdpdter pbe! hese

electric signals are transterred to two neasuring prongs 3d and Sc of the
recei veresging refmesfipe maguuengsigrol lowifing! et mhath meade gvadiatst ofn pxam-uni t

13 and/ o r. el L €S/ o ssing refines the nmeasuring signal

to a fi n@ﬁ%i@ﬁﬁ%§%§pﬁﬁ%9%%§&§é§h@ﬂt§ﬁ for exanple visible as a graph 15a

on a display ufireatbring of gas is {f ceRaMbLOGdehcg ashi SDIFPIRGGUogyNIRCEBTSlance

with NDI R technol o%, t he wavel ength of filter transm ssion 4a is chosen such
A

that it ‘espihceiddier RN 48 dorisessuviit it sricesitie fome alyserpiireri stic
of bhe MPLIGEASAr WwARHE dhBPaGORGRM AL Ok B o 08BidkSthb RolEeMPARN 8%as is to
be measured.
Figure 3 now also shows schematically a known receiver unit 12 for a two-chan-
nel measuring technique, and this receiver unit 12 has, in addition to what has been

shown and described, been provided with an additional opening 3 with an interference

Bt
L

filier 3" lving behind and with its associated oplo-alectric detector slement 3b'.

Filter 3f" is here chosen with an transmission wavelength 4b than that of the
filter 3f, and therefore the selected IR light 4b will have another wavelength than that of
the selected IR light 4a.

The corresponding, into electrically measurable signals converted signals on
30 connecting pins 3h and 3e for rays 4b with their wavelengths and 3d and 3e, respec-
tively, for rays 43 with their wavelengths thereby provide information of how two mo-
mentaneous light intensities differ betwsen the two chosen different wavelength compo-
neni{s} or spectral element(s) belonging fo rays 4a and 4b.

Short-time variations in the inwardly radiated intensity of the slectromagnetic



Figure 3 now al so shows schematically a known receiver unit 12 for a

t wo- channel neasuring technique, and thi,§ receiver unit 12 has, in addition to
what has been shown and descri bed, been provided with an additional opening
3i' with an interference filter 31 lying behind and with its associ ated

opt o- el ' 06 by 4 iana ikl ik ek ith an
transm ?%?E)dr\sﬁ&/adil%eag %@}Wﬁgensat aai a%ge%sﬁgaﬂfé:dl %’?Ehlgﬁ r u%ﬁif ﬁkg?i@%tr%gﬂ}qqﬂe
sel ect edast Reduirgtet avidualidn oHheenanutring sinasisloenigetis t Bancamhbe wifizadhended@eted IR

light 4a, The .correspopding, into el ectrically nmeasurable signals
conver t dated Y SoBNRERIEERT RS Heasii e R es/ing™ WeRsbHarsren
wavei engtds ABRosh SDHaBSeutfARRGId@hy, for rays 4a with their wavel engths
t hereby provide informati on of how two nonentaneous |ight intensities differ

bet wden t he t wiilhHerewned réfEaramt tovidgeteehgnbreceraciinally (o} lustrafsetan atrange-

el ement ( 04 [ and 4b, sShort-ti variatjons iin the inwardly
radi at e(ﬁ’i}‘eﬂ{)@h s@?‘%ﬁ'gﬁ‘l&%ﬁ trg% §%‘?“%&%§$ﬁe§ %%dg’rﬁéaﬁ‘eaﬁi%a‘ﬁ?% Q%' @eogvaé%efg icﬁﬁ‘f

bundl es ¢eSersiica®f dasilg RedreticturatbiyGindiyaibidieaitbsk of distorting an accurate
eval uation of the measuring signals on |leads 121, can be utilized and

regul at ed away! oieBt@) i inhinfrepert inke puampliiedwihamnll wlies obe «s-an

i nt ensi té’er{tr%ftiﬁﬁ%@%?si n a chosen signal -neutral wavel engt h. Wth
renewed referenceo Figure 2, nore specifically it is illustrated an

arramgenment " Maii gasS@iressidtirheasaing ehafibgasi andabas uaaseca bhatatainigeal the
eval uated concentration of gas to nore accurately anal yzabl e val ues.

The i nveMSFBIPsEdrs (Fa)i whedp aperpieg seabap e disriay idendepending 8RS & t he
concent r.at.i i "G d ' r44n i | aced
nder & o LARegr ey Uy b0t M edh PRt rERaY 1% FORERRatd TnE,

di spl ay itBasnaedhdichgsen ceamressure{Eajaval ®ograstidredingiitatigpr bed i n neasuri ng

hamb 11, i ted,. f he i nfl f . ch P
vt o cortect i MREREd Ficses HAT telousieroneuln b ALie Eopi SRR EROYST B ossur 2
(Pa)si s ffapkedcandiahasaiotion éésaegeﬂ%g@me%v&;ﬁe_ 8Ht & QBicRRid fgéc% at the

chaser overpressure for a selected gas and/or gas m xture. rrection
circuit @gECCHBHBEEEES with a correction unit 13h having a circuit 13h'

determning t I it S i.on/ pr.essur eal | ected gas .gas
moxturen it h EAeep el PR RS BRE 5bann, AR 1oR Petet cRETL o

pr essur eidfarrvialmghil dhitiy vakbgoiplio2@ressad facenih sdbaad @aapt gas mixture, WRACE,
correction circuit, 1%%“ s, adapted to reduce an evaluated fictive gas

concent rBEIFBRYIGNEHP &1 fiopkipBronaAbERIaBechOEn peessure Pa being ilkisate Be not ed

t hat, ot heyn' Pligaghaphyillustrated here is to be seen as one of anong several
grapﬁs va igd ?%? ?ﬁ%i#agﬁ's or gas m xture.

Hence, correction circuit 13g is adapted o reduce an evaluated fictive gas con-
centration with a stored or an evaluated value.

it should be noted that the "P/a"-graph illustrated here is to be seen as one of
among several graphs valid for their gas or gas mixture.

25 Hence, the ability "2" of absorption is 0" at the atmospheric pressure of "Pg”
and exhibits an initial area "d” with very uncertain results, followed by an area "b” with
somewhat unceriain results, for continuing to a gas concentration area "¢" having good
resuits.

The overpressure Pa chosen beforehand can be generated by mechanical

30  means or an arrangement "M,

The mechanical means "M" is here illustrated to comprise an arrangement 20
with a piston and a cylinder in Figure 2, where said piston 21 being movably positioned
between associated turning points, with an upper turning point being shown. Cylinder 22

is in this case provided with valves cooperating with a four stroke motor for measuring a



25Hence, the ability '"a' of absorption is "0" at the atnospheric pressure of
"Po" and exhibits an initial area "d" wazh very uncertain results, followed by
an area "b" with sonewhat uncertain results, for continuing to a gas
concentration area "c' having good results. The overpressure Pa
chosen h | r enment
R e R . P B A oo PP A s BB ARee

arr angenpets2® Math a piston and a cylinder in Figure 2, where said piston 21

Do neng point Tor Ms<BABRAT TEFTE ey 553 AU At CORUsE 8t BrodetALts RDP ves
cooper at gdibdWntRedsdrRld cat 1 0kes @%@fet?‘c%dfﬁ@?éﬂéﬂi Wi médseHPLel, g 8bqggas

under pressure in the nmeasuring chamber 11 with a sel ected overpressure (Pa).
The Fecheaing givareamsseitgtingsmationbyer perdwealing siictic gfcudt {raysleews). body

positioned in i 1 or maanetic body rel.ated to,the nmeasuring
cell, said bodﬁ%ﬁgéﬁg%y\%% é’?}osgg‘c‘%ﬁnﬁ% cﬁtgovmrieg%u%v;g n%%ﬁqso&%d?ﬁg%ﬁi%(ﬂeri c
Circui t HdtaloesNOWN 50 Hertz, suciTe drbe@ueBCY3PHeAz chosen change of overpressure
via neans "Kr is selected to between 1 and 50 Hertz, such as aroundd 25- 35

Hert z, Mypsaing shprehembbis adanted ielapodime of hetrsame. 50p beoweenud; 5 to
3,0 cnB, I 8 1,2 cnB. 10The increase of pressure is dependent
of the e%s;gﬁ&gg%%fgngggﬁnﬁ'i on of gas and is in a nornal case to be chosen to
between 1:2 arnthdintfrassusiiprassizeds ddpdndeitefibd expected conbontFRIn Sy Sl t
13g is ad%)t ed to,g‘goduce a reduced val ue of the concentration of gas to

[

di spl ay '8t 8 "Emghgest © %@§B'P§®n %QQW@%&EQ a6 ThE sichoapaeng brdadiffe.
Froure 41! 1 ustoabanPlr@itidd 0lanfY Ioflodft ANGANELY valle' orithle BGGOLAANCE W LR

the isprinciples of t I nvertion. npar e ructure of
Fi gur e Ziart of gashierdispiadiuciitiddandchis display teerdeieduoithe d8nbashdrpepresspicaced by a

1 umi nated by W f REaRs RN R4S Tauaiva AERnaruey (it Petipponias Wb e ne
uppek haldncplicfepid ihogngsl.! 11. 20The upper detector element 3b will then be

illumnated by the ray of light or |ight
Compared to the NDIR structure of Figure 2 it is here indicated that the receiver

unit 12 has been replaced by a structure with the purpose of having the lower detector
slement 3b directly lluminated by the light bundle 4a, which has passed (directly)
through the upper half of measuring cell 11.

20 The upper detector element 3b° will then be lluminated by the ray of light or light
bundie 4b which passes (directly} through the lower half of the measuring cell 11 but
which has bsen angled up towards detector 3b" by a small reflecting mirror surface 5
being introduced.

Mirror surface 5 is here mounted at an angle of "0/2" with respect to the original

25 direction of the propagation of the light 4 so that the angle of incidence towards the in-

w_ N

terference filter will have the valug "o desired for the arrangement, seemingly origina-
ted from the virtual image of emitter unit 10" at the lower section of Figure 4.
There are at that ime a number of possible solutions of the arrangement “A”
and variations thersof which on the one hand can generate the necessary angles of in-
30 cidence for receiver unit 12 and on the other hand can indicate different means "M for
generating different pressures and different correction circuits 13g so as to thereby offer
solutions of the arrangement associated with the invention.
The invention, in accordance with the embodiment, shown in Figures 2 to 4,

respectively, is additionally flustrated in Figure § under the illustrations D 1o G, respec-



bundl e 4b which passes (directly) through the |Iower half of the measuring cell
11 but which has been angled up towards-gdetector 3b by a small reflecting
mrror surface 5 being introduced. Mrror surface 5 is here nounted at an
angle of "a/2" with respect to the original 25 direction of the propagation of
t he Iighﬁvé]}ﬁso that the angle of incidence towards the interference filter

w Il have the value ie desired for the arrangenent, seemngly originated from
the virtual i ndgecafFigeietileflusitetesliPheatlstdtbsiponiessestdonf tht iRidpiedodin

There are that tine a nu r of ssi bl e solutions of _.the arrangenent "A"
2nd var 5 15 aeSHeaeBRonetort 6h P RE s arated it & Eloties TR S84 Bhang es
of in 30¢bagREDY A ek@eeARIAREh? “ANEhARMBs8hE e h@é&éuﬁﬁg Tg'agdG@,at e
different means "V for generating different pressures and different
corréction ci ridufettye reereshstnet weakhoingsf tbée enplbodaof bussiphaltfoethis ceamgenent

associ at i i nvention, . The inyention, in accordance with the
enbodi neﬁ%?%%gﬁ%p‘%ﬁéuﬁ?g]h?‘ggeaz“”?%cﬂ‘?cﬁné‘?&gﬁ938??, is additionally illustrated
in Figure 5 urpgird S ilidstiatdd @bl ASi&etion&asUrRRPRSults BiHd @ Measuring unitHence,

Figure 5D illustrates tinme-related_signal responses of the iR detector in an
| R gas nisagihe sipnahpeqwrnaene ianee $5pe as a preceding one in Figures 18 and

"I C but nodifigd. J: /L far. I i e
nmeasuring gas g%a%S&pQ%teﬁé{}éﬂ F@é%@éc@%@#ﬁ%ﬂ(ﬁk é@ﬁ%%ﬁ?%@%gé%gr%m%ﬁ ude of
t he 19 gnigdn Hhstdoinseckatrresbiedt gas i ymplifcatipnifacke as imgaienreen tabigens of

gas. Figure S5E jllustrates the cal cul ated nmeasuring results of the gas.

measur i %&ﬂsafwrs% (RArEdgpueh five than that in the jist gapaciith ther nelpe fariehindbise

di stinct RTe; i i i J i of
oot gacERerotfifi FORT loftk YfreBaRuRS orti ol e Blveh P SAdEe Bhneurry

r et ai nedgnuehiehdywer than that in the first case, with the noise factor in this

case becom ng [reduced t he corresponding, degree and the different stages
appearing nor e OVEET 9?{?3 thzefS pﬁg&g@,’@r : 'naaﬁé%sﬁeagwg%%ﬁe&"";veBr‘i”"hich this
cases appiwxhARcaliyarly B4R, whi ch now can be dearly seen. The zero point

error is one of e limtations of the accuracy, which is characteristic for
cl assi cal NDI R heeggipdicigferror is one of the limitations of the accuracy, which is character-

istic for classical NDIR technology.
in Figure &F signal responses of the IR detector in an IR gas measuring unit
structured in accordance with the present invention are #llustrated, wherein the IR light
20 source is actuated to emit a2 "constant” IR light, and instead the desired modulation oo-
curs over the pressure of the measuring gas with the purpose of generating a differen-
tial signal such, that a static IR light of the environment can be subtracted away in the
following signal processing.
Figure 5G Hlustrates the calculated measuring results of the gas measuring on
25 the basis of the signal sequence in Figure 5F.
it should be noted that a zero point error is lacking here, which a consequence
of an AC signal is filtering.
Solely the absorption component is modulated by the pressure modulation, and
hence the possible aging of the IR light source and the other optics solely effect the DC
20 level of the signal.
By compressing the gas during the optical measuring the gas absorption "a" is
increased in accordance with the Pla-graph of Figure 2.
This effect depends on that more and more molecules then will interact with IR

light whan they are pushed in and passing a long measuring distance "1™



In Figure 5F signal responses of the IR detector in an IR gas neasuring unit
structured in accordance with the presenigsinvention are illustrated, wherein
the IR light 20 source is actuated to emt a c,onstantr IR light, and instead
t he desired nodul ati on occurs over the pressure of the neasuring gas with the

pur pose of genﬁi@bﬁ@&a@@&éB?frﬁélg'kcﬁées%ii@él%ﬁ%yggﬁdé@éf P Fh@ %&ds!%séﬁgef of

the environnent can be subtracted away in t oW ng signal processl ng.

Fi gur e SBeimblgstuiestars! inrmslditarnounineady matsine prgsswsuvhchobvohdietalsigheassir | ng on
25t he basis of the signal sequence in Figure 5F. It should be noted
that a z&to 'POTTH "&rror is |acking here, which a consequence of an AC signal

is filtering. Bymodulationa®ltel yakh@ndheesiBh id&ﬁn@@ﬁ@%?ﬂ@éi rh8ad Hbedhsbyp.t he
pressure nodul ati on, and hencé the possible aging of the IR |1 dght source and

t he &t helforopt gasissynplifipdedtitbe saretibe ss0hevero phirt lsefady gnet.aside compiyely,

nor casct 119 AC Rt 1P e FrClar Iy EEASE b P i 8ol BroberRr g thefc
depends gnhitdiiah of@yse. and nore nol ecules then will interact with R 1ight when

they are pushed in and passing a Jong neasuring distance it": 24 The
ef fecti veness O £Enalippise saly paie e ddpsovsscadiionilviydhimmethoddy willsinns of

t he nol I I L4 j s i S I rite's
i gh pr e FESE AL ECUA IR L 408310 Lodrdet BB-TRE B TuahS! B0 SR i ng
t he 1opt | makemmasulgtiog. t he absorption of gas is anplified at the same tine as
the zero point safety is set aside conpletely, as the AC conponent of the
detector in th’f‘sa@&%‘ Rere aE?ep%ﬁsfﬂ@&fﬁéTgfpS%@?%ma#a@ 16 noige byRpeRtNgatén of
gas. $ill hichareuth ROI-%6n Al n be inproved additionally by this
nmet hod b":‘i’/l utﬂigl?rz;?}ﬂeg still nnraiélgggweu%ﬁ&l Remtters, as these |ight sources
here are per ni Thedrasenhiwintion kouferkq, fovibe snhdidratfitba technical probleraddihi on

o N b e Sl o P PR o 1
of f @ki NGefbthanbe 269 kit LleiRferdd o MC RBRLERKINE PRLRNEr ABRL M@@Qﬁgﬁﬂ%ﬁﬁ&é@*i d gas

in said neasuring cell is to be set under an overpressure chosen
bef or eha#ftEoraiian witain the dedasisinadalle Buber adepeerliongicnitasemnsatrdkednen &brengt hs

under a rptl i.Lhi e (] |1 ed a correction circuit
corrpensta}FI §§ﬂ gg’%ﬁ e}()%éﬂ?%%ser h%ig%ﬁé%%g%ﬁg@gﬁig%@%gﬁ%ﬁ&ggeﬁaséig? nst the atnospheric
pressure Said tranSaltthd raed HthadonRaniR igh, e formaiehinkd dtighbgud s to
be mai ntajined at or regu |ated to a constant energy val ue during the sequence
of conpei¥tPehcoRya mﬁgagwﬁrrwhﬁsqqu&ﬁ@e of Compensatitie GYEBSBINGs of
conegnt r@;ééwgggémgas are set to vary within a predeterm ned concentration of
gas, that a nodulated concentration of gas is adapted for creating or
generating a di fiepmssials ofignebnirsimrebiuss sweatdtdo MR\siviginala pledehemined

enVEF O SR 0NET P YL RS S el LoRoSNOSEM Sf JIk RIDEST R Weddy oy Ue:
generating a differential signal, whereby a static IR signal of the environment can be
subtracied away in a chosen signal processing technigue.

25 The invention is of course not restricted o the embodiment disclosed above as
an exampie and it can be subjected to modifications within the frame of the inventive
concept, which is Hlustrated in the following claims.

it should be particularly noted that each unit andfor circuit may be combined
with each other illustrating unit and/or circuit within the framework of it being possible o

30 achieve the desired technical function.

Although the invention primarily is intended to be applied at small concentra-
tions of gas there is nothing that prevenis applying the principies of the invention of

higher concentrations of gas.



25The invention is of course not restricted to the enbodi ment di scl osed above
as an exanple and it can be subjected to nodifications within the frame of the

inventive concept, which is illustratedogn the follow ng clains, I t
shoul d be particularly noted that each unlt and/or circuit my be conbi ned
wi th each other illustrating unit and/or circuit wthin the framework of it

bei ng posgUAIMY o 30achi eve the desired technical function, A though the
invention primari ll%gﬁls i ntended to be gé)r{)l ied at small concentra- tions of gas

there is rot hi ngEREMYPHATBRES TBpHRSFHA IDPh GRS TS doPUGTRS $THIRACMON of
hi gher CO'&@ﬁtrr‘éthﬁHs'dw%s %waé%n IRARNSHiMPmEaS [ A1) SRABRY féidéleélﬂﬂnég?{etlépe(?t ral

anal ysis of conpressed, such as small, con- centrations of gas havin
| R-t r ans nir@qigtigy. ﬁé'&ﬁ@d(sj?@?e atfpindie fosm AVt rigyieg pe ar”&‘%ﬁ%‘t”ﬂ@ﬁe” & aPm ted

space €llleq {dsdid§ad Qﬁcﬁﬂr@éno%dcté\bbta\bie fBecIeYuhQ%n%%tuéalrFﬁ@a%%hQ%s@éﬂde ordagp- Sted
to sald gas and 1 ntended to be able to define an optical heasuring distance or

path " ‘|, eewebing masnad 12)1fe) sdid elesiipiagheltia liaﬁmﬂgn@as%ng adida@ptieor] MreSsi ng sai d
opti caI i t cand a
unit (13) pggfdz)%c%g&tp%g?ﬁorgct@ anaﬁﬂgﬁ?%ﬁéﬁ o%ﬁaet@ dn('}% eagﬁh 0 sal d
sensi ng msaasryl }aﬁ?lysmd@onne@tediah’eaatstO(sam)sensmgsne@St (@), efrectinsaslgnet i c

radi ati on, méa[%sgﬁ’ﬁ) 5t §ﬁ%me¢§§%@@nﬁaﬁ1’euﬁ?le?.atPo‘Ea%t QO e@ctrﬁgﬂf (! ?ﬁ te18a|15tspeCt  al

el ectromagnet | S I ntén
ar ea whoseessitiertodte wiectbmiaghéticradiadine (tSPS)) witich matehdad tcefaﬂrmﬁhtr(a}:pecs/ are to

b t of | t rf h tral
analysi o 181 SipaR TR e och Bvate ot o yAilsy ot Seto AP e PEale S 0B Tl i 1
pf r aplijat ioomeoa‘ubmi df @rpenélyai; wﬁhmrm@ugﬁlm ) pleefoagih @ thez §skcitral aditays@?rdegas ("G")
I N al Srln |SS verpressur.e a). chose

bet oo hanierrnnG T Uit b Inshe it FalcHier OnSi SRR B2 HiS b b SRRl engt hs

under abseighéra), dhatrhetenieaam tma s@m ¢as( 13)) in b&id AvRIsuANG B&IN @A isodet chagui t
(13h, 13h') conpensated down f hosen overpressure, suc as agai nst the

at mos pher 128 JyPEYsERUES (FPEhpsen Reicand. Sren gl Vrgedirsyt, JeReNINGPE#NL f or m of
!{ Ea![' ?E; F?IF ?Sdgﬁy@bé!eﬂ%s%def atsREtlortig thd rﬂ\é@étﬂﬁgfbéﬂqmﬁ)t aNdvep BRLECHEH ue, and
circuit (13h, 13h’) compensated down for the chosen overpressure, such as against the
atmospheric pressure (“Po”), that said transmitting means (10), in the form of IR light, is
maintained at or regulated towards a constant energy value, and that the pressure
20 (“Pa”) of the gas is set to vary, that a thus varied or modulated pressure of gas is
adapted for creating or generating a differential signal, whereby a static IR signal of the
environment can be subtracted away in a chosen signal processing technique (13g,

13h).

25 2. Arrangement in accordance with claim 1, characterized in that an external par-

tial system (“M”} is utilized for the generation of said overpresure of the gas.

3. Arrangement in accordance with claim 1 or 2, characterized in that a limited
amplification factor for calculating absorption is utilized for reducing the effect of a noise

30 factor.

4. Arrangement in accordance with claim 1, 2 or 3, characterized in that the cal-
culation is concentrated towards reducing a zero point error (“Po”), which would occur
otherwise.

35



20' ("Pa") of the gas is set to vary, that a thus varied or nodul ated pressure
of gas is adapted for creating or generafi ng a differential signal, whereby a
static IR signal of the environment can be subtracted away in a chosen signal
processi ng techni que (13g, 13h). 252. Arrangenent in accordance with claim1,
charactegi zed adad e%n%@FﬂéﬂceRﬁfﬁ ah) Bhe 2 gﬁe?ﬂ?e(éém% dSintt Ichlafgchebor the
generati on of said overpresure of the gas. . Arrange€nent 1 n accordance
with cl diead in dhalsaid nari@ng resknis) in Hat foam| ¢fiftiight depladififaoretd comstamdtad f or

cal cul ating,.absorption.is utilized f.or reduci the effect aof a nqis

5C 1 act dat g PREPURSARSANCT M s e hieh K Ya iy in Bregetrmiprd vallies: | zed
in that dlihCahtatsatih@Rchtag@ncentrated towards reducing a zero point error
("Po"), which would ocCcur otherw se. 5. Arrangenent in accordance with any
one 6f the preceding clains, characterized in that said transmtting neans, in
t he fornd.of | Rsingamenisnracotdintedvitodsirantordhdinatterizedindbsat s esodi-

concentrations of s are set to.vary within predetermned val ues_during a
measuri g ecEiRaaton ot fS KaRARIAd o+ Hiaeks QLRGESHITR b &r fareaigental ©
charact efigzad, Wheldbdla SaNDMIsRlRE CAREMNIAhUhAbRERNIHIGRAMM B RN, G& €at | ng
or generating two of nore differentia; signals, whereby & static IR signal,
based upsibitsntecerviy onashoaen gighat prasessingtiedmiaii® subtracted away in a chosen
Si g:,:llgl processi ng technique. 10 7. Arrangenent in accordance with claiml,
chardacterized jn that the overpressure is adapted and chosen in response to a
good caphbi || Y/ B1SBE BACHAIANSR L d. ERBGAIeDres i JaEiPE TY6r 8 thosen
gas and/Qlre GRSIAHEHWR chdbenih FESERTRND d HoRF EABSAMG @ WbbOrptibal il AMthé,
characterized in that the correction circuit is in Cooperation wth a

cor r ect i BesgRiaverRI¢Epigredot Rredoben get andioTigag mhdureapabi | i ty/ pressure of
absorption for a selected gas or gas m xture. 9. Arrangenent in
accordance with claim. 7 or 8, characterized in that the over-20 pressure
sel est edg.bef ormhanshroan idacgeniinebadiiDyalrie st (WardcRRBBAThARLE MRARSTec-10.
Arrangenent in accordance with claim9, characterized in that the nechani cal
nmeans cdiffr el Ia M GroRRTginR Mith 3 perediongndt bavred et desmiingarthe CaBapi st on
t her eof i i.spl ] d turning points 11.

Arr angeﬁ%ﬁ%@%gggg?ggﬁggﬁ%gﬁﬁlg%%ﬁﬁ@ ﬁ\%igi; g%?%?@éeg in that the nechani cal
means conprises a magnetic body oriented inside the neasuring cell, said body
bei ng alg.of t ablrearsgerest ihlaatorGreevdredkindfl, A S W chursitegzetes thatheidweni t.

20  pressure selected beforehand can be generated by the use of a mechanical means.

10, Arrangement in accordance with claim 8, characterized in that the mechanical
means comprises an arrangement, including a piston and a cvlinder, the piston thereof

being displaceable by means between associated turning points.

25
11. Arrangement in accordance with claim 8, characterized in that the mechanical
means comprises a magnetic body oriented inside the measuring cel, said body being
aliotiable an oscillating movement of a surrounding slectric circuit,

3n 12, Arrangement in accordance with claim 10 or 11, characterized in that the fre-

guency of a chosen change of overpressure is selected as between 1 and 80 Hertz,
such as around 25 - 35 Hertz.

13. Arrangement in accordance with any one of the preceding claims, character-
35 jzed in that the measuring chamber is adapted to a volums of 0,5 to 3,0 om®, such

around 0.8 - 1,2 om®.



3012. Arrangenent in accordance with claim 10 or 11, characterized in that the
fre- quency of a chosen change of overpressure is selected as between 1 and 50
Hertz, such as around 25 - 35 Hertz. 13.Arrangenent in accordance with any one
of the preceding clainms, character- ized in that the neasuring chanber is
adapted to a volunme of 0,5 to 3,0 cnB, such around 0,8 - 112 cnB8. 'D7 14, An
arrangengnt i » W weli [ 2l aj C -
Cerized Th that ERanpameRL M skl Bt ank SR oARE AR RT llne AR, 1. 1
such as @rizeddnkhét the ibcGastf Aresnge nestietizdanchedanac! . Mank ang, s af the
precedi ng cl gin %racter- ized in that the correction circuit is adapted to
cal cul at 03“3@%5%3- alue with regard to a delivered measuring val ue of the
measuyred concentration of gas related to the atnospheric pressure. 10

Arrange t i : i f i cl,al s, terized
T tha Bk o o ERRAENE AtebRuaBRK P e oha S B REEP AT srEPEER 11 h
means arideddhdhatine agrantiansircto ibhadastedid tadulxe pasduesd adiaptvith eplsEré &l
bandpass fi{jter, that the bandpass filter is structured and/ or constructed for
bei ng alf EeHVEIBE Mapasyrigaw l@h@f e TeERPU R snceTrEine ahgperdated fe trabector the
transm sgion. Lhe el ectromagnetic radiati- on generated by said transmtting
means, Wth sai g xﬁ)andpass filter being adapted to se- parate a first selected
wavékengt h conponent (s) and/or a first selected spectral elenent(s) froma
second sH}.ect elrraveyehemghacconfzmnenti(fsimands of e prLetthgsehiens ethaspcrts al

el ement (_séqf_or rece_gti on in indjvidual ogt Q-electric neans or detectors and

that sai'@edinthptsaid shhdwpmanticdgriatips iyateripdaRavweancerid renamittng meanty
av sal grAnlt To oo :
radi ati ofhd 84i80EhEHg REafBS ) i [ ERskySH vgggfécﬁ&ﬂ | g%ﬁamﬂ%@r one

spectral el enent. rrangement 1 n accor e wt
char act dhizedidpass fiker ladiracened todgaicdnbamdpddsr beihgabis & difapoeeds@angtipeni ng

i [imti ' ' f the el ti di ation. 18.
A r Srgertendehob BE e ShreReatah 17, P SLbRA O ToREnelr Ao UBeni ng o
Wi ndow igh geharatRAbpehRrearinetidly MERRE, Wl 9aiRanHRRSSs Fitht Bding GRUDIAA 4b.t he

direction of radiation.
parate a first selected wavelength component{s} and/or a first selected spectral ele-

ment{s} from a second sslected wavelength component{s) and/or a second selected
speciral element(s} for reception in individual opto-electric means or detectors and that
20  said unit is adapled o be able to detect and calculate an occurring radiation intensity for

more than one received wavelength component and/or one spectral element.

17. Arrangement in accordance with claim 1 or 18, characterized in that adjacent
o said bandpass filter is disposed an opening or a window limiting a dispersion angle of

25  the electromagnetic radiation.

18. Arrangement in acoordance with claim 17, characterized in that said opening

or window is oriented before and/or after said bandpass filter, counted in the direction of

radiation.

30
18, Arrangement in accordance with claim 1 or 18, characterized in that in re-
sponse to the relevant angle of incidence the bandpass filter is adapted to deflect an in-
coming electromagnetic radiation in at least one, preferably at least two different, elec-
tromagnetic and optical and predetermined oulgoing angles.

35

20, Arrangement in accordance with claim 1, 16 or 18, characterized in that cne



30 19. Arrangenent in accordance with claim1l or 16, characterized in that in
response to the rel evant angle of incidepce the bandpass filter is adapted to
defl ect an incom ng el ectronmagnetic radiation in at |east one, preferably at

|l east two different, electromagnetic and optical and predeterm ned outgoi ng
angl es. : p‘%%% i s Sdapdt I t he sane
el ectr o@n%@?ﬁ%&ﬁ gtgig g!r?]éﬁgt I té\/ﬁ#{{:%rcgiél east f%bé %’??faé?éeér{i?mgp c@?’g’la

el enent sditlbh,. withld which anigesbivto diffesot epdatmelesiairehtciadii m 16, characterized in
that for each or 5each selected angle allotted outgoing ray there is an

opto-electric detector, which is ada@t ed, bé furni shed electric signals and
cal cul at¥bns, RE2RGRNER D SSEPTEEENYth fleis g8 characiptEsd in thalfopggeh pf s

assogi at I Jaoqe) § HEM il fe%ﬁé ce. W th any

one %f t%ejcafo%%ée |nadn§f:€[?al ms‘3 1% F%ﬁ‘g%?ygﬁ%{eﬁ%ér agt erlE zseﬂaefj% t ar?@ggﬁs%/: d

bandpassadagiedrnafifnikhed et signalsaptd calcuibefisne teeuni petfoseing th@3pec-

Arrange t in accordance with ?e% Oé](g f the pre?edi ng clains 16 to 22,
speclial

char act g&ﬁ@*ﬁ'ﬁ‘f“?tﬁé‘?"@ﬁ?@%ﬁ% SRMAPAE Y% er and/ or i ncl uded

channels related to said unit perform ng said spectral analysis are
coordin dto i&ﬁ I j SBan and. i}
si gnal s?é£'24. i\rﬁ?ﬁa geﬁéﬂﬁ?%cﬁaﬁégﬁeﬁﬁgg%ﬁﬁg any %ﬂ;}ég@%ﬁﬁfﬁe pri@%?ﬁﬁ?ai ns
16 te 2Factdaradt irethisted daid bhatipsdefitmrriidrrative onalpticanteoiereh apdsddiobE/?) i s
eval uated and is presented, such as a graph on a display unit. 20 25.
Arrangenment in accordance with any one of the preceding clains 1610 24

i

char act e?%-z ed AreRgpteta Wr@‘@? Vi BfY PRE of tha pegespcdaimic fip 2RetBmsi ng
means ex@c@éﬁée@ir?ﬂ{ét%t%?degﬁéﬁihgnséi&@aﬁ&%h@ﬁﬁéﬁd&?ﬂ@?%&ﬁ%h%bﬂ@%' (04 1o

defl ecting the transm el e€tromagnetic sig I'quel’y towards one or
nor e cptsrieé ket perfordetgesdid spectral analysis are coordinated to a receiving and/or sensing

15  means for one and the sams signals.

24. Arrangement in accordance with any one of the preceding claims 16 to 23, cha-
racterized in that the concentration of carbon diexide {CO») is evaluated and is presen-

ted, such as a graph on a display unit.

25, Arrangement in accordance with any one of the preceding claims 18 to 24, cha-
racterized in that the end section of the limited space facing the sensing means exhib-
its a surface section reflecting slectromagnetic signals for deflecling the transmitted

electromagnetic signals obliquely towards one or more opto-eleciric detectors.
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