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METHOD AND APPARATUS OF SI GNAL PROCESSING | N

SPECTROVETRY USI NG AN | MPROVED APCDI ZATI ON FUNCTI ON
WEAUKGERAIND | n spectronetry, an interferogram eCTUSE®6/007652

i nduction decay contains the raw signals from

di fferent signal conponents produced by the excitation
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correspond to signals of different oscillation frequencies, the shape of the corresponding weight
profile produced by an apodization function can enhance the signals of certain frequencies and
reduce others.

Low frequency signals are typically characterized as having broad spectral peaks that are
gaussian in shape. In the case of infrared spectrometry, such broad spectral peaks are several

hundreds or thousands of wavenumbers in width. Instrument functions representing the
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gaussi an in shape. In the case of infrared

spectronetry, such broad spectral peaks are several
wheowvdoee$so or t housands of wavenunbers in w dt hPCT/US2006/007652

Instrunent functions representing thecharacteristics

of a spectroneter and optical, response signals

resul ting fron1spectronetry of certaln solid materials
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which decays smoothly to zero at the end of an interferogram, such as the cosine apodization

function, provides worse resolution but better elimination of the ringing in the frequency domain.



10

15

20

25

30

i nterferogram The boxcar apodi zation function

provi des the best resolution for that particul ar
W@ y®bemsbut t he worst ringing in the frequencyPdDIsions/007652

Conversely, an apodi zation function which decays

snoothly to zero at the end gf an interferogram such

as the cosine apodi zation function, provi des worse

resol ution _but better elimnatjon of the r|n ing in,
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that the desired profile of the auto referenced

spectra is produced (i.e., retaining the high
wo e@goeisey signals and elimnating or reduci ngP€TES1008007652

frequency signals). Known apodi zati on functions

typically apply a continuouslyy decaying weight profile
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frequency spectra nore simlar for |ow and nmedi um
frequency signals, while retaining the high frequency
wGer@eades3only in the raw, original spectrum VWenuUS2006/007652
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r efed%ﬂ% ilme\ﬁl@mémﬂmfomwm lebsmhdilyg Soatfie aveel rgf&fenb@frétglency domain

B, 0 AT 8 SR €55 B

wav e
sampieiperizal whveforen tgaln'qlie&randspeetfe& rwamfenﬁ lthmspéafmaﬁalyms waveform

sub?ﬁ@ﬁfﬁilg %}E@udlﬂ%?\%ede ncI1 Issr(])(:ﬁa{);a zlgéq% le"f‘ﬁoﬁ gg ﬁée?(];de;glgg gezd)ns of the

omal n

apodiaerpdagplenmhd reftrenertinge diniin goveRdrmswavef or ms i nto
frequency donai n

cor ondi n I nd re er enc
sp é’%??@f“%@%?‘%‘?ﬂn%fnebg reptyt agﬁ@f)g@%@opara%m Eﬁ%’éé the first
segmpeof thalsarapia hiybicfersidy @%&lﬁzﬁh@ﬁw&/eﬁﬁh‘s iffthd e t ?roﬁle being
veforméEi e reference spectral vvave
s

a suﬁﬁ%‘ﬁ’@[{%gf TSNt magty wavef orm subst anti al Iy excl udi ng
f r egueiRic@s pati&0s etib8Gimihis tht REHEE Eﬁcﬁgﬁ%’aﬁl‘s U Lprovide the first

coex% nS|ve regi ons of the apodized
SeeIpQIYt @f R SnRE ARd 1gERsch ansizetia wayefotws with rtlnagsame Welght profile having
a vapadd mesHimge enbodi ments, the method and apparatus can
provide the first segment of the sanple and reference
apé&f’?ﬂ’lﬂg dmpagkcpdar gmbadivients, thﬁmeﬁad‘rmd/@pg’aMS pénqﬁrbh&e the first

segiéit Bftha sa?ﬁihcs %%ﬂ%hﬁ%ﬂn\?%\%ﬁ)@%tv@ﬂltat ]EPO%E] glra]. is g%%{ ﬁfxﬂ& ggq.ggthoof the

particul ar e

first spgsmang ef thmefcfrencstap@b@nmmmm‘fomh endsatm{/@saand ref erence
rofil.e

o el Aol S IR BB Prg s B Reayide the second

havi n a varyl ng nmagnl
segneswboft mg@tmmamm@m e mramama@mes Beadt BlaMint®, Ehfes,

di f th
e ShorB R Manfin G R TR AR 57 M e e sodization
WaV@egmdmpwnfto thhe skitfeet irethe art a9 disg 8k u@izewavef orm and
Accor di rticul ar embodi nents, the
et esiBs B naaRE P Bevmakodted Seeeesdpemtdeche
secondm:gmemﬁble&tSamﬁle\&@mﬁfe@foﬂﬁvabéfoﬁﬁ]@lltﬁ Q WH%(?{ I%ﬁi%%\/f?lg a first rate of
Connes, Gaussi an ?ent2| an

deca | ett NE} rﬁc nman,
Ay sempletime fdomain wgvefenm: wad 61 compretide nhe second
segn@txmthaamnz@apo@&amy@mfd}& LS H@w%%h{r#}&?l% hﬁlflh% Sohdrate of

d n(?é also be utilized. Accor
eca% RPé‘ﬁ the yeferense Hung damainayaveform.the ﬁlanra(a of dpcay\bledlg

d1ffeiehﬁth§1€@1@@&o§&€h'€€36ﬁde99f the sanpl e apodi zati on waveform
W|th a_wei ght proflle having a first rate of decay

WHESFOEJH todarticylat erebogimaenitse the inmthod g appamws&faﬁ I(lDrproamd the
secorld dedmEfdf Ble QYthOIE % aﬁ&? %Q?eh O firsL @a}%phed to

apadi zati on waveform w e wel gh
the sapaple e damain afava@mwndmmyprapqw the sbcbmd §egﬁaeﬁtaffﬂrea€fé9ence

apodfzhtﬂﬁ WRERA Wi esfeggn'a]welgq? proﬁ € whernaa%ghe%fto t %%g ereggel- trl]me domain

waveform, the second weight profile being different than the first weight profile.

According to particular embodiments, the sample time domain waveform and the
reference time domain waveform can represent an optical response signal of one or more

chemicals and the referenced spectral analysis waveform can represent an optical absorbance or
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different than the second rate of decay. According to
particul ar enbodi nents, the nethod and apparatus can
W@ 2006/0965%0 de t he second segnment of the sanpl e PCT/US2006/007652
apodi zation waveformwith a first weight profile when
applied to the sanple tine d?rrain waveform and (ii)
provi de the second segnent of the reference
c rof i
e o R P ol oo S Vi B i o 55T i
ag@e@fcﬁﬁdn’f@m@m@mgsrfthdr@etvmeng different than the first

I d
I EN

the d@mpwndwmsebstmﬂﬁmempnwe@bnm thepdahipid anﬂ?&@&ﬁ@e&ame domain
rererence

ch
wa\%k‘cg&? Iresﬁltrs alﬁgﬁbs‘g gal\/\é§8§1%1}e # %egHenrcgﬁ %leet ¢ Sbefird ﬁf‘?lﬁ%ff waveform
thatalbssmbhtautmﬁy amre&afcédeta tmnxp&cas r:n@pdrfswgm of A6 cRAGcAr more

cific chem cal can a solid,
1 eief2ing to REHEar botificalsBa oo Snhuparne cab kR arkourr
Traﬁhfcirﬁf Sbeﬁlgomaryrl&ﬁ/tcb abtdin ERFROEDIEBIHe Somb RSy ARRIIC éﬁlé POurier

substantially same wei ght to the correspondi ng
Tra%siﬁ?f Q’thif’ﬁf'i“a’ﬂ?tv IR LIRS é\/@urlé'glgréﬁﬁorm Infipred SEFB) epeatiometry
devicef erence tine domain waveforns results in substantial

excl usi.on of frequencies fromthe spectral analysis
way P Reth atother embodimening methpd angappiratue df signal prcessing for use in

For&akd n 0
s SR Al B g 5 B v

taining gsampietime demapn mﬁf@nm@rﬁemph(srgaall; yu)(gemﬁrﬁﬁlgtaﬁeference time
donfalit |
N R —
wavgion §ar@pphidation wrthelsapipl tm)le écpnmﬂ meijardaVrbﬁ&:nce apodization
|
Wavg%%g ?%t thctaﬁo@;%ghgﬁ%e&ng% ersngl Iaeup &av% ,ieﬁch ofdthe apodization

waveigrnes oafpeising @eﬁﬂs&p@mﬁn[ ﬁlﬁﬁt sreyoﬂd&‘sbglﬂelﬂl’thé Rt Fﬁ@nt of the sample
ves I

unction i osed that invo
spotifith GRSl LRl el Bocifinsloe avienia: sncdivint dambsatialy same
weight grmpﬁle asthe f)rstgsegmélﬁfof the re’i'eﬂéﬁfe%b@dl%ﬁoh waRe A Bhsecond segment of
ormJdr le tinme domain vvaveform (i

the samBI% aaii ﬁeé‘ergncgg%cf ion aveiaumssachhay b srderayirg weight profile; (iv)
applapg theGarhpleand feférbRe 3pstRzaBoh WaRFEHHIRG the WAMBIE Qﬁdne?é?&cﬁ time

refere ce a Odlé% on waveform for application to

dompigpay PHC Waigt bring apgkieshPyche fissegment of the
apodaacich W@\tdf&ms\I@M&f&fidﬁﬁm‘é@ﬁ%’fdnﬁélﬂgco@xt%ﬁsﬁv%treégm 8%1[111%16 and

f second segnent, the first segnent o
refergngs dimeAonsin WaKFETBETPwingdn anedized sanipl¢ and rcfweant:@tmse demain

wavefrnlse Ians%’iﬁnI?ﬂﬁIa Qﬂ)d?zeﬁ 1@ cf eI'e¥lc€Q' ngdonc%lg waveforms into

rof| as th rst seg ere
corregwd}ngégmglﬁ a%m@frmqmﬁeglhﬁ@cys éQmmnI s;EetgatmaNeibfmst ed Gargeh&ating
e vef.or each havi
T B P B R o P Dee ety to e
referensg épe@ﬁ@lewa’pﬁ)@nzfét amin refaroded Bp&tril&nilhﬁs wavasoreh sBétantially

excldd 0 ef or.ns, ubst ant i al I sane
ﬁIg%Le%I %1%16% E‘lgerr)%? blg%ﬁéegl?r} %Qt %wﬂgﬁ saplg W@e domain
Waveform

According to another embodiment, a method and apparatus of signal processing for use in
spectrometry is disclosed that involves (i) obtaining a sample time domain waveform of a sample

signal; (ii) providing an apodization waveform for application to the sample time domain
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apodi zation waveforns to correspondi ng substantially

coextensive regions of the sanple and reference tine
waleovaiovessmyvef orms, resulting in apodi zed sanpl BCHOS2006/007652

reference tinme domain waveforns; (v) transform ng the

apodi zed sanple and referencg_ tinme domai n wavef orns

i nto correspondi ng sanple and reference frequency

wa\?: ' ﬂ‘w%@%ﬁidh@h (34 anacfm rlsﬂgq ﬁ(réfl nge%P t | n%' Ose%riaent the first

ef enced spect waver orm as & ¥
segmbet hewinph eulgpaeualbmonmefecghnpmﬁletahé theesb@md Regnchp R tiriged

to ref need..spect ral, anal
subfRNEID hIB-hDE et e Rl L SRR RABEH b e AR B mavatoa to he
sanfptedtimé drendin anefonag lre;snltmg irt dnenpodinedi tﬂmjdcﬁﬁﬂifpmdfd)rﬁﬁ (1V)
ot her enbodi

wayv ef, 0. a
e R RS B e RO Yl R e o R SR egusney
dormnes;kctmiﬁtal t Vefoins; agld $O) g@ﬁ@ﬂmﬁg laapec:rﬁl\/@lbw@iﬁ lw(ailéfoﬁlbﬁtlﬂisﬁiem

e t] |nvvave of a sanpl e signa i
ex"ﬁlf‘ r}‘%ﬂ%ﬁ‘@“"ﬁﬁ a%ﬁ% aﬁ‘éﬁsaﬂaf\%gv& FAe gpise apl trangatioarergop fom the
sandpl@ingeddatn whvetordmai nwavef orm the apodi zation

wavef orm conprising a first segnment and a second
segnent, the first segnent having a substantially

BRIBFTSHSURIPYWRIN 0F B0 DRAwARSK t he second segnent having
a subst antially non-linear decaying weight profile;

(i 1Ty foipesiing ang othes obipeseliferdtirpsomd ndvastagesafite inhention mpll be
app&rbﬁ'ffﬁoﬂpfﬁ@ 'félloWge&Qfe'BartfcﬁﬁWl ér oh Bf feﬁ@ﬁ’ grlcrj;ﬁ&ﬁ Iaﬁtggf

domai n waveform |V trans IZe
inventipwp aglBhvalratedia g asﬁrcwnpanw og dratmmgses p’hwd Illhg ra‘ferelmpa@hmycters refer to

I fi
e L R T
empﬂlﬂfeqmetmd @m%ﬂ@bedupwrf Hostmtizstho pmampiels ovﬁthehmwamdﬁm noi se

e 5o R el Ry AR S B P R Psponding

wavfebrregm ng and ot her Obj ects, features and advant ages

nventio aren . fromthe fol | owi ng .
rm r ieé; rera’l§ £dfagran Hlav*ﬂéﬂé?’i% gle egfggé’f mediumdpsolyion Hegals fB Fﬁsgltmg
autoafefetdmeed abgexbhncepecas; i | | ustrated in the acconpanying
li ke reference characters refer to

S. in,whic
ZYQ g’%els pahiaeran Hlugiraiing an apadeaien varedum thatcqgsespamels to an
apocﬂfaai‘éh ﬁgﬁtl@{ &cBing6 68S&ABIdInYent;,0 scal e, enphasis
{Cﬁg%l ei ng pl aced upon illustrating the principles
i5 ¢ dieraghilluptraging an spodizatinnawvafari thay serrespprsl to an

apocii)i.a@lﬁi:ii alndticiPRd h%a&lﬂtlpﬁbui)}érbﬁeﬂ ?Hﬂe?f atﬁéja{cﬁ&%ﬁlgqgh od1ment
waveforms; FIG 2 is a di millustratin

of FHadiig ?nﬂpﬁfﬁim tjugtrating @ﬁ@lt d@ﬁ sigead ghalysigfor use in auto referenced
Spe(’ﬁ‘HI‘i’l@tl‘}'; %c@fdﬁ@qggn@%QJJﬂﬂaﬁe spectra; FIG 3Ais a

}%eam iITustrating an apodi zati on wavef or m t hat
C OF Spondiggam efre sygemiincdidingranfapalyter dor opticad gali abgorbance analysis

accoPdif £57930 BB & nent;

FIG. 6A is a diagram of an original interferogram according to one embodiment;

FIG. 6B is a diagram illustrating the application of the apodization waveform of FIG. 3
to the original and deresolved or truncated interferograms according to one embodiment;

FIGS. 6C and 6D are diagrams illustrating single beam signals corresponding to the
original and deresolved apodized interferograms transformed into the frequency domain

according to one embodiment;



10

15

20

25

30

FIG 3B is a diagramillustrating an apodi zati on
wavef orm that corresponds to an apodi zati on function

w0 2006009300 t h doubl e sided interferograns accordi/nRIME007652
one enbodinent; FIG 4 is a flowchart illustrating a
met hod of signal analysis fog use in auto-referenced
spectronetry according to oné errbodi ment FIG 5is a

0 9030 s AN AT A0 AR R i
andFdef8sol6ed sugl@baanmyem astording ar ongiemdbdiimehter f er ogr am

dj di El 6B | di
G bE R orePE P F Py O thio g By bR sorbance
spewametabsmbmf:e Hréhs vdiveiunitee) ad¢drd¢ih§el ona I&ﬂlbdﬁfrﬁﬁgl \éed Otr
e enpodl nmen

Fi ARO8 o i Bisetart T sne il el e PGP EPoegh o piaippdiment

of tﬁd cgﬂlﬁhﬁedca@bdl%@ﬁ Iﬁﬂicﬁ@n b0art ¥Per@hérd] Aado-raRebnBeEIREBhN@Epectra; and
rans transformed into the frequency
?ng '%atl?ﬁé kanwo HiargHer: appdizatiopr wayelgrm being applied

to tldsl @%@%ﬂt%bﬂb@&t@fe&%&ﬁhé ed view of overlapping
portions of the original and deresol ved single beam

spectra according to one embodinent; FIG 6F is a
DESARKIADEECRHSIOM ORGHRINGERARbR Of the final

aut o-referenced absorbance spectrum (absorbance versus
y apedézstion frgctian ip providad thai imearableff BSng 6@caied by a

pro@e%fﬁ)é gi %gg:es ghﬁ#g%kfcg#o%ége% afl ﬁg@% 1819 gva%}ﬁrlmz Jor use in signal
progepgiel], sechias inffagmopeasronstry aAcexdiag forthe tnaéntmu; the n@fdemtorc e

wa\/% i %’@ﬁlﬁgmﬁﬁgﬁi{egmeﬁ?% J; JH%SU hereb§ %‘aﬂdslfg‘%ig%ﬁom%%ﬁ?r? different
We@é |prcg'lla pMCIOEhlngto onk embmdugemahe a;mdlzhﬁ(bmﬁlﬁ(ttﬁﬂ can be a summation of

DETAI DESCR PTI OF TH |, NVENTI
two g bt RO BT ot SRR AU, FOOGF 5P RaAR sppgeation

wammmabﬂ&rwa‘aclbmgn@nﬁ)femmww has @ngggﬁﬁr@ﬂile Of o dTelie constituent
t
apof G Gureintes 155 o s BORSomHG R AreR on et g be eloted

depammgtdnqn@pmculam?@rcdu@g to the invention, the
di zat i g} vvav orm i ncludes nultiple segnents in

el PEEAR 3848 A dgtpmeiffistioting wsinodEatiangvay cirmitat eppresponds
to al\i\@;bc@ﬁktatl&f ﬂflétioﬁ acRRERE & & elBo@BRnte TR AN éTﬁJUdiménl? &he elt%)dlzatlon

podi zation function can be a summtion of two ‘or
fum&l@ﬁ &3 etisrumabian 9ha pyhmpltinlisrianha cosinefbrdtion thag aengtsites the

apo@fatidh %V@fbl‘hg 2@ NTIRPAHZ A FhviRME RO erau z{ 1?1?1%% egment 22 having

ment of the wavéeform has a wei ght pro
Conf’ctéwg magingdp (%mamwié@mwmm@n dspayinglHegmen@4o Theromiorm

segrﬁ&f@ ) affrﬂfngﬂ% ﬁﬂ?ﬁg gt e t : % Ilt g’fr’ﬁ;{éf'n‘l}r rgg}gmg)%m?:ghrggetrgj %% Ienables
oscnliat@n OgﬂilelHstelaferdgragrmlsIfdmmtexandeldg)eam wjsloait Aahpeming. Thus, upon
trané’f@%ﬁftlgﬁ Uft%@ %od?z%ﬁ r&é&e?@&?m into the frequency domain, the resulting spectra is
of higher quality resolution. In contrast, the non-linear decaying segement 24, which is applied
over a region of higher interferogram point numbers 28, dampens the interferogram signals
towards zero, resulting in reduced truncation error and artifact ringing in the frequency domain.
Thus, such embodiments of the apodization function and corresponding waveform provide an

improved tradeoff of resolution to ringing.
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to an apodi zation function according to one
enbodi nent. In this enbodi nent, the apodi zation

WO 2006096380 | S a series sunmmation of a unit nul t PEI/US2006/007652
and a cosine function that generates the apodization
wavef orm 20. The apodi zati onjgravef orm 20 includes a
uni form segnent 22 haV|ng const ant nagnitude (e.q.

t t 24
un ??gr i’rni? ;i:sea!gar%%%m élg.ls{llé\)tﬁlg ah gF@dizaqgﬁ? %X{' veiotul, flgtq:%ﬁga)ogt# tg ]an
apofligefidnrftuention rﬁvgls‘amtb dou’otle mdﬂdbmblferﬁﬁame aaotdise to one embodiment. In

this%)%%iglrl]ih%gf ?Bcg%?%? nave Oré%\ %@% ﬁﬁ%fs | %lgg S{@%&H" g& and decaying

segineEts 34 Bﬁad:xtmdmgfdoﬁvhwal&i[frmh Bathl endstog tHein ifgras8gindiB 2t he

fr quenc t.h resultln pectra j.s .of higher

q ug a ei/rn Vg 8%{)? glﬁnt Sc?S?ﬂdrs %r?en% ﬁ © AR 12fa1tlﬂlég@ve%orm can have a
decatbem:gawelglg pefije tanéorRdponddioGiy bStha Bﬂéw&éboaié@ﬂiorﬁvafv%ﬂjnﬁ@ such as

o B PR o e v oy oo s s n et

I e BudRdinignti T alid HBdigdtion Furbeh AddofrB§londihg %ﬂé}oﬂnﬁ chfBe used in
freguency domai n. Thus, such enbodi nents” of

marg) ?gF.VaWHfnge@wéwpgﬁacheWSe s%y%tfpbigqlw&\ﬁéth@ugh] not so limited,

inclpdeOrGuster "ﬁﬁndf(’)’m{ RYeRd (FARS Kebir@hetrye SR At R tdrhced Fourier
ringin 3B is a diagramillustrating an

Trangfost Ii‘gﬁrleé ARETER bipssticmefrycor r esponds to an
ap leltc?-REfeféﬁcéd%hbxoﬂaﬁs%nn%ﬁar% k rr%qg@)'ng %rfo%%ﬂ'y is a method of

interferograns according to one e
signahgpglypifinwhich h saraple iterferdgorm wedeedengsnivediniterferagres that is derived

f
e GO 1, SRRl A0 G U BT i rciom
whigelgwerequary signalathatare adtimen @rtb@dbremh/bs and dampwpeadlm are

effe%ﬁgg/ed%ce?gd otup% t%ga?lg?lf alteell 1%? t f?%@@ﬁ E}é e?egalg%gfqmncteﬁe

kn Ghm plapﬂmd mzzatttlornnmmvesf the prcisisn aitl /SuradiosfRutt ARHTIR Rshods.
oth od| nown to

For %}%mg)ll 11(%1111%1 T ?(Hgl ?fﬁt %ﬁ)gn HEY efcgli)ggncr ¢faresponding waveform
enalﬂqsmﬂstzﬂialllg) fhef sametwdiyht plﬂﬂle&@ bé @ﬁﬂi@(ﬂ’lﬂi lﬁﬁoﬁ\ﬁdﬁﬁ@@r@na@ Sdiple and

n nmany, ot her ti varyi ng spectroscopic
deret""j‘é?ﬁiﬁf‘*a{fjsrggragﬁ)@??t BRI n@%"”‘é‘l‘? eqisacsdenalsffilepriginal
and deredolide absditian®d spEEta) Sffh% s hivodn e s(ér:ﬁlls Rn be effectively removed

ectronetry, and Auto- Ref erenced Fourier Transform

fron| ¢ FeshlEE pURISRTERSEd Sprgise. rRANEyantAige drvaittes sk Benuency signals
easigrouri er TransformlInfrared (AR FTIR) spectronetry is a
met hod of signal analysis in which a sanple
i nineqthes esgdsa ramoval of thedpwand medivinfregnénsy signalsrfromahe awgo

referdfidel] 4pcirh bOTL ﬁ}ﬁ(l)fagpigln shlgkttda% 12115’ #9 Ea@ﬁ@ @élghtl‘hso%gthe apodization

enerate an auto nce
funcfipn oHegions of thecpriginglans dgreadlsed lhatfe@gmmscyﬂn@mohtalﬂ these signals to

be r%v@éﬁlevgaglymg%ggﬁ%ﬁat | aﬁ t&élceﬁ con melf %Teugr}}epﬁéngnon signals), and

cancel'ed odt
(ii) aah]éﬂngtdilﬁqbﬂtyvelglltsetv agion pethe Gﬂﬂf@@graﬁ[ et poresie tHe high-frequency

ves .t he ci sion and accuracy of such
Slgné&%&ﬁ%fﬁp}% rﬁr&(qi the aﬁ%}?ﬂ‘%‘ﬁgﬁﬁﬁ?vémt Y&feSar ti cul ar
enbléd ¥ nenflew chatrellla?mdng atﬂegllﬁd Bﬂﬁ%ﬂaﬂ @Ifalﬁfkfflor use I;n auto-referenced
specf R o B Sorchy i e or Sy s G DpineRe At sep 40 an

orlglmlmgenﬁabgmmmlnﬂ €haBgdehe interferogram deresolved according to a predetermined

amount are obtained. The original interferogram is a raw measured signal in the form of a
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deresol ved interferograns that generate the | ow and
medi um frequency signals of the original and

waeleresdssed absor bance spectra. Thus, these unReRUSIH06/007652
signals can be effectively renmoved fromthe resulting
auto referenced spectra, rralghr]g quantification of the
hi gh frequency signals easier. In other words, renoval

sl Pl ARt E R SRt PR S R B e

spestednsdtanfor adnypld. HEhes@igmahaiegBiogfahDdintalie bagetiraéd thedgh calculation

function to.regions of the qriginal and deresolye
o PP PG cH5H ThecFiESave] BRHFOErg: BUh serves asa
refdr@tBMAacudels a@opiedbd tyurcatb@fekRh @gtha BriphITh@ritddplaga kédping only a
contain |gﬁ%r§nent function signals), and (11i) .
SSRGS of the Brse iferpeqei ROt tabegrisarongfio thy gredetermined
dertsolved {ALOQ AQerebAltidh Qs Bichlly H@ 18itaks tHeQMIRRE%s LR afue).
typically represent the analytically-rel evant signals.
FI G SEPPi42, sanpiaRodEzRton WV At anpljeditorte eréminad inteyfegeeagm and &
reﬂ?é}ﬁla ¥5dBzafiOf wheBorhlis appIRd EEhe Hﬁ@&%d%&?&Sﬁﬁt %}(w&rﬁftng % one

he apodi zati on waveform according to one &nbodi nment.

empqdingentpadfoof thtapedizgtioravavieforias includerafinsiasegmentand g ageend segment.
Thé ﬂ%@s@%ﬁéﬂ%’ s%&l@%ﬁ&df%ﬁoﬁﬁ%& gsﬁbgtaﬁ}izﬂf %%%Et@x{smeQE Q:ngth and

amount are obtai hed. e orirginal Interferogramis a
hassalytantiallyithe sangd weight profile hethé Hrshsegestsd el reftranca@gpodization

i r g i from.a.Fouri.ert

wapR0FRL, ARV, Bl cof B PR LB % Se A G 8V a8 e e seamen of
the Tdferemeiagodizdtion mtagefben eith atengthrthalisdohier thanhe sdngde apodization
Watg?g ou%{‘d\ﬁal&elf'sl ation of an interferogramfor a

Yhesr 814 ¢4 sﬁhpl e. The deresol ved interferogram

whiThe seeni esgnast of dacll ef tRogdizhtivhl iadeforis BRI d@Baydig weight profile.

Prefeal 5 S5 SRSt o S POG st YAEIOr Py & el of decay thatis
differehtefdne e 34ta BT MR idBday of thtsedond ERERANS thedrefefice apodization

redet erm ned deresol ved value (e.g. deresolution is
wayefme sl |y 4 to 16 times the original resol ution

vale kampie afd RiferdRRe afodiARPH RarRAHs 2R dpBRedB YIRS REg v
inmgfgpl ied to the original interferogramand a reference

sigoarams 1u6h thabaubriantially shepie weight is apiied dutlestystsegment of the
apo%li‘%&tﬁfnfv@cfveﬂ)hﬁmo d%ﬁ%éﬁo?ﬁiﬁg cc;egteﬁzfiﬁe d@gf@gsd?ﬂ’fﬁ@éamﬁ@&ﬁ desolved

e apodi zati on waveforhms I nc irst segment and

inteafe@g@qu @@@m@mqighm@.e apnlied t@eﬁgh@dtregibn ofithe waygsorens, resulting in
the 919%95153& H%Q ANRUSHL Qi Bdlvay ﬁdﬁﬁst.ant ially coextensive in
' ength an Sn ally

as substanti the sane weight profile
as Bré¢ferablyy the apeiigation waveforhne ap@f eubsrotalpbalsanetweaght to regions of

A .instances when.it is .

e B AR S 55 B 8 S o i
(i.ertd erlim Greerdpogtamabints). Tppledllyr thesairédiors ihohntgtibw pbiat ninsbers of the
.. shorter an, t sanpl e..apadi zati an vef.or, d vice,
e sl SR menER Ao ERbn el BB e e
autonskednoedrepebimsm avitleadythe Bighbe@lehcyNagipid @levitit 6fetila RInkining.

thgrhs?co d leregé}ent of the sanpl e apadization wavefagrm

has "§ ‘iﬂﬁ{‘]“eO CIrSsggmen| San bes tyief T torqpHmize i g ingigationof upyanted
sigﬂahﬁxgﬁi&ﬁsiﬂl‘_jfl l@Epihithe HamheN GoSRIBMutRh. FhLexafbR! 88 %&hgth of the first

n

segg nc’)c n{agl%e Idgpendent upon the frequency (peak width) of the artifact signals that are to be

removed as well as of the frequency and final resolution of the chemical signal that is to be

quantified. Typical values are a few percent of the total interferogram length, which can
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wavef orm The sanpl e and reference apodi zati on
waveforns are applied to the respective
W0 nicendeEsogr ans, such that substantially the sSBEEUS2006/007652
wei ght is applied by the first segment of the
apodi zati on waveforms to corjygspondi ng coextensive
regi ons of the sanple and deresol ved |nterferograrrs

cor@sﬁcfn@ r’c@&%efﬁﬁbm%e@eﬁt of Bﬁ! tiuﬂ%ﬁéﬁn@rfgﬁg%dleﬁg cf%pen%mg on the

he waveforms, resultin
ext@é pé@msobldmapmmr@btd rmwfthﬁr eselinPred ahabhgtruniehEamfacts from the raw

s1glaagiogl%et21@1§gttl99f tﬂ@ﬁﬁsg Q%F‘%f'ﬁg Bre}lerasnlllybﬁ gntieg%r éﬁ%g ihc?qv@ of the truncated

' 0 regio e or|g|na
interfotogrdner ogr ans t hat contain the | ow and nmedi um

por ey pAR i et uE Rl R ot e of e

apOdIZﬂﬂ{Imr\BaVBfortheedlmbElbef ®tonghit Magnifitle s Rather, thel vy sagrﬂent of

apo?%%txoéxlﬁagﬁ?v uengy naI a? ?1{9?3@5&3%{1' fi ﬁ)?gs:‘lﬁ rhiegﬁced in

f r equmptsxb, tﬁal‘m@lﬁalraﬁﬂ garasdlved afdtitded vsFa%lerﬁH ) trafsfétmed from the

he f|r t segment can be "tuned" to optim ze
timg ﬁ%’g“’éP e F‘H‘?ﬂ"yo OMATAFHEIHS & 7 sanple spsriral wayeform and the

derds6RPd Erdcted) valé e SEorRRSHHIB] Wit BS %p%ﬂrﬁﬂ: nubifer @P&%ﬁ'ﬂ% fnrthe
1gelenth of the first segnent Ty l?end t upon
inteffrRoerapbl Getdicgss @ar e idd hfas@Fourﬁ:é gansforma ¢iF Dicgmbg @phed to both

the biighal %ﬁ&dér@sow%d %ﬁé@%@%a@&oﬂﬁé ih o &fobte{'r? a%r[ ?@Hﬁ%)/esﬁogd single

final resolution of the chemcal signa
beagy speftiufms e &, simpjphesn speeiiugeis 2 spastral detsptopsigead ps a Ginctidneof frequency

in tdrik BF Wh\nﬁlﬁﬁlg&r ?gnr A i8Rk ronﬁ%‘ frﬂn ?flpc%&l q’orm anra Lysis, refer

several tens of percent o TE'0
toqréﬁ@ﬁhtaldependl ng on the extent of deresol ut| on

5t th tr
;f?’lﬂ fs{eg a?x a{l&)m%ﬁ gentrcgc%,pga%? IWIFVG% a n%r gl ﬁ ﬁnad?s?s( 5 geqequ,t%q by
calcylatjngemtatip of {he sérepla bpeptrklemvefm’ﬁ kd the dél’eaﬂwaihpedneh@i\l&fc@fn In

u ro ra Accordin articul a
parilf e ARl Fp BRSPS Sl o Bng sl beam
speatfunt c_tmlmqucad g:a»ﬁgmal Mﬁmfr_oarbwhmmé sptaztrm?eaeﬂ:s%loaﬂb@%wer

nit ther, the first se of apodi zati on
resol AR HAH S Kpe PR e, G e loesrhnLel by myersiarato.
welThe robblting 8Ro-péerehdd@ abioktdinEdpedtiigh Q:ﬁlfa@l%an\f@ﬂly anQd e fkh-
are transformed fromthe tine donain into a

ﬁeqfl?n@?j BEH%%S/(SH’G?[H}%B arp ESSENY e prigindl speshpmg but eqranietelyleliminated in
the dvpseIved, Padlipebuind 8paiRT M@ BstRE LS ﬁ@iov&’@‘f@dﬂfnﬁe{&ﬁcy signals

Wi th the appropriate nunber of polnts

(smqerﬂ?%%ef‘@i?edgﬁséﬁ’i ipjboth spegira; thexeeye effprdively eimimjedy Ans consequence,
instrir@lehd fﬁﬁctlgﬁsa %ﬁc‘ﬁra% tSIFF cdl %;/ IQ@Qm@ medihy fre‘ﬁ?eﬁc E@El@ ctag Be ¢ effectively

I
orlegl nal and dereso apodi zed wav
elimgngtedjwhile highi resoliiign @bmts@lsxgeds giierkgpte The misrpemsc sigsals &e also

supp?és@&i Enck mgéﬁ’i?ﬁoﬁ%dtlﬁn flsed @Ig(ﬁatrrés@és eSS @1 Ut hselvgpyéatter part of the

function requency In
1nter,ﬁqypg amnflos approash alesysthel nnyuﬁm;mt <Ff0/lary| small‘ﬁbmbafme praks, and as a

cons@%hé/e%/e‘?y 10W§a§ oﬁc%ntﬁt 0[1 nréspa icu ar émbodiment.

Standard Fourier Transform Infrared Spectrometry (FTIR) is substantially identical to
AR-FTIR spectrometry with the exception that the background or reference signal is not
identical to the sample signal of the original interferogram. For example, in the case of FTIR

spectrometry for chemical analysis, the original interferogram contains an optical
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At step 55, an auto-referenced spectral waveform for
signal analysis is generated by calculating a ratio of

W b@es2spl e spectral waveformto the deresol veRICT/US2006/007652
spectral waveform In particular, the auto referenced
absor bance spectrumis calcgé@ted by ratioing the
S|ngle beam spectrum obt ai ned at the origina

absBRRE A B ARG BRE BT ASE SR YRS F e MR o

contaIIIB ah@gﬁafall arbante/tellectinve eigad of abredeter'ﬁhﬁed ledumhtshmple (e.g.,

S R e A R
pr adaens 1slanhzlgilﬁn Of 4 glsnﬁi inclpdiag awmalwér i@ﬁdéﬁlic@lt g%tk ¥bsorbance analysis
und spectrum

eI|n1nated in. the sol ve pback and
acerding A e&i‘t?c@mi'f’&t | ‘g ul ﬁ‘bﬁ‘d’i‘q{?m“ﬁnég{fgﬁéi}“‘%? gsrfa‘Fl'é,ded ina currently
unrél&dsBd erkib® SEhYRME RS ©S Pifityl AhaB@EI*frcﬁlﬁ) SRS Rustrih@s@bEWilmington,

effeptlvely el i m nat ed) a consequence, instrunent

M4 providingrigal-tips face éiP@Jf{tX/ sﬁ?te%m ¢t the;parepry bitkien (k) contaminate level

detdckiglinanay ﬁ)&itﬂ@aﬁksssucl@mg 69, 8gd iy@byene! | M nated while
hlqh resol uti on chemcal signals are kept. The random
noi

g Shiseabpsinenthe gysiem igelpdns @ggérderél”rﬁé@rm Hafrared (FTIR)
spe@RRkZ a1 @R §J4BEsHh A r&%ﬁgs SRR GR R édr(gin)fﬂ %ﬁfﬂcﬁ’n 1R light

the very latter part of the 1 nterferogr
sourgp It erdeasdd bosralyzpdirom agas @qmqt%oﬁnxl&dytesmv § detects and outputs an

inteFRBFA %@S?Shg%ﬂytﬁat rgﬁ}gseﬂt% 1R agﬁ%gb?aﬁcge @Q%Ete}{ {c¥ o}é@yﬁ%aiﬁ éhc time

con ation articu
donfagry rSpeclﬁQ’alb'nﬁlbdaWCDmpmmgmls&‘qufctrogmmtw for¢#rdedRp ansnalyzer 80 that

AR F
1ncl?%£%§>@c%t§§st%¥ %%w gﬁ Ehtiél me ts Emetgnu % g Ir%?r%fgftfg}s eaH%l¥¥e§ aacﬁ{grl processor
canibg mmnalltaﬂénﬂ:m&lsystam bxfmtmaﬂcpl e signal of the original

e O3S RO ERIRY e LR 5858 0 T i,

Spebuﬁbaﬂryf thii OffuddTis Q@Bfaﬂemﬁe\ﬂ of an original interferogram 100 at low point numbers

opti cal ance/ refl ect ance Ssi of the sa
betgigg dran 33@‘? il e R 8P Phghepresening
the 83REAIIRAS. Arbeﬁﬁﬂiuﬁs@b ed l@@il@@f&ﬂérg@f kigf )aﬂ‘GQs Ii)lcﬁé’di!lt a@proRimately
redet er mi ned, known sanpl tro en whose

poi SH@ ¢t 1080 in thisexsrpne a%%éraﬂwfl%s ta.tlfer tihg titpelgemy interferogram

reproSUBhEthe ARARTMAN ﬁFﬁ/ﬁ bBall dlthe convéiSted sighdt gﬁtﬁ’ﬂin@ th&ind¥Eh&,
i ncludi ng an analyzer for optical gas absorbance

funciiens. e dovneqicasyriignals deery teebesert Miththe mediem endhigh frequency
si gnﬁm%h&'{ﬁ@ Fur@br ctrhélﬁelss\{cﬁet e c‘%{lﬂeﬁﬁ}sy Gb@ﬁ%e' tElS %X‘"@liﬁqf‘ byrtlcular for

unr el eased version of the M
an iptederP RS belpseing fethe g(ﬁayed@pewmﬁengm@mramfomrwvn eippigs to other

tlm‘{)ﬁ*lfl%%xp 13 1 %%hic%%l. b{ donffit & fegﬂite érﬁ?‘o%%}n%su%ﬁ as those

) Contam nat e 1 eve
desqsibed mythngEEsewnmph dbe Bki@ral NF&G}(SlSa]f dn H;tdfem@am ﬁlom 4 $piestrometer

[ VS des a Fouri er ran orm, .
that BRRAE My ebid e AR RS 46850 S0 s el PP Bt et
al. recelves as i nput an |nfrared (IR beamfroman IR
t souqc KA and %3? qv e anal ze from as )
SISRIVeR IMMFEETORTRTE I by Vhigh SEBER R STeAenes O piskeroun time
domahi mv%ﬂirmgi“s abla(ned by atvatidg thbatigih€lRiteFabESmltRobtain a lower
sorba %haractrr{stlcs o[ the gas in the t

resol R FRPE AT Pt PPy I herfE Bl BB APk SRBIG S0 points (e,
points o &lief @ ﬂirﬂlf@ldesof ﬁ@rc\éﬁtél%ﬁﬁt 1 @),3R @R&b)e8 int@Rrddah includes the
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i ncludes a processor 82 which inplenents the nethod of
FIG 4. This analyzer and/or processor can be internal

W 20062658071 R system or external. FIG 6A is a PCHUSHENG/007652
of an original interferogramaccording to one
enbodi ment. Specifically, thiss figure is a detailed
view of an original interferogram 100 at | ow poi nt

n/x BEsTRRE mﬂ%to\ﬁ’ﬁﬁrbri% i te 00 Qra}%_vbﬁerélg f4g! §eﬂe 1§rn(1ﬁ%91%om”h to 16

may actual extend to any er repre
tlm‘?fé%islf@ﬁluﬂpliﬁhanth&%@mabﬁmlst (i.e., p03| t| on of

Lﬁﬁl‘%ﬁf@%%%@ﬂ@éﬁm %ﬂugtrétﬁlg tl%cagbﬁ&t 81% 8f?tge za ct>r{e \lgg\f o] notf FIG. 3 to

the etigipal and derpsolveil m;er@mggms acendingrto gmeaamtrodpnems e’ﬁntthm gmblstﬁment

convol ut ed si
DT e ) —
constarg nagsituieeay a tlbuaymgsds@mht 18461 24 b én tie Girthrafarkdsifé. dbven though the

i | s ex urt her o either sjide of
e EPHE PUR i hE  BALA BFe B  eL goean,
the roforrasegndng 1 224pplieeRalibl tiGinfedvdight telowididmBhber re 1on 126 of
th E)ect roneter the overall information applies to ot
eSF 1S A9mAL WRYSEBRr i ment s whi ch do not contain doubl e

Si d\h% iwihie @ the& 0 1iR6E wa¢eima re tRAAFBTAS A tREfL dubncly MBmain, the
“r ?P The general analysis of an i nterfer ogram
resupting %Px‘éaﬁ@% PRestFRtresRonding ke eﬁglga@mi geresojveddnterfarpgrams
capt@imgthe 16+ Setnédig Eife@ﬁeﬁgf ﬁgﬁalss £l §§&Edt@ﬁ@ex’n9vﬁ Bt t&e hflo

Giffiths et al. Thé deresolved interferograml
refergRredipbasbanss snestra vwhighds ealeudatest fram e Rajiosfitle ariginel afuiderasolved

singW¥Déeh QpdBiral S Obt ai ned by truncating the original
[ nterferogramto obtain a | ower resolution spectrum
Forl %st%eﬁvné seginfent [daok2ib ofthe apqniuzenmeappgcadrfmm Welghts to the

latteﬂ ?Fﬂhﬁ 81‘1@951'2&1& géljeso eg il&%ld%{n%mtvg veREm {ygadch con{gun the high

enterburs ereso
freq\ilqnt::e pigealy gInavnmcnlat uteebcetyﬁxgm/egmént bﬁzipodﬁbﬁbrp@a\mfcﬁmqué fglies

am wher e eneral. a nunb
v U LTS AU EMIGEE T Py SROF Loy B
possghl)gother vaRle©wh&Buding athatiapgiiation funtisdn shbpedy (L‘diﬁersely, the decaying

of, t .zati,on rmof FIG to
searfRRAB TR ot B BE Bl Sesioh e hr B aambesaoveiongero. Thus
whett themoéllz&bdamtns afd”trahb’fbﬁneﬂﬂiit@ e edduencly IBmaROME 2&L1HAR
absollEs % ?];l Eveash e conprising a uniform
TR Siondige T G0 HSaia i sTRGPa 0 P e The e Apnivgy
ﬂgneﬂﬁ doeht ddrddbived had BasforinB@ sfeOtiuih Qfoe@ncﬁ??hﬁke the %Mﬁ'}eferenced

qlﬂ“ truncated deresolved interferogramhas a
SpecF‘é‘H g‘;‘? #ﬁgﬁt“ PRITesRJIdng o the dehilipguesncy gigads without interference from the
1owaﬂatlﬁgcﬁ@ﬁggqmy§1?@1ym form segnent 122 applies exactly

the same wei a | ow poi nt nunmber region 126 of

t hedditippfo fé@ ﬁmdﬂam@ﬂ@msotheﬂﬂlt@rs ontmsighting Bmctimediugtes a
MertW@MuREoH, ¥8n B¢ RKiditRARS/S %ﬁﬂ@ﬂo 1H{eﬁ”eltogx%mfsr ?tqé"gs@l%%ecg@xnathff et effect of

the resulting absorbance spectra-cofrespon
all apodizgtioeandntiist kiers sud fuactions tse:pﬁsdengmﬂshat mwmm in bt art

realizeQW4t @R q éﬂaco méi‘{]i}] grfgﬁy gllgge)ém%l oF rt‘cﬁlo%vlrflgoe{n apo XS Hhkction is within the

r enoval
context of this discussion.

By way of contrast, FIG. 7 is a diagram illustrating a known triangular apodization
waveform being applied to the original and truncated interferograms. The same apodization

function shape 130, 132 is applied to both the original interferogram 100 and the truncated



10

15

20

25

30

ref erenced absorbance spectra, which is cal cul ated
froma ratio of the original and deresol ved single
whewassect ra. The decayi ng segnent 124a, 124br@f/us1ves6/007652
apodi zation applies different weights to the latter
regions of the original and deresolved tinme domain
waveforms, which contain the high frequency signals.
. rtiqul t he decayi ng.segnment of. apodi zaf i
it feBAE L00) By PSS e SRR Qe g5 ot dferen
effectivistailits aragoiubilydepptiéd fohiee saiefinenrogai®oint Haber! Thig @p&ized

r _ppssi bly .ot.her val ues when usi.ng ot her apodi zation
way RS R L St s Lol s USR-S s the low
andi2diunt requenot signalseand thul eghnbheffeoibdlereniofd e Medifh frequency signals
& t e(r]fefgr? applie g;l wei ght of zero. Thus, when these
01351? {12 ?J*?/\H@‘%‘F‘HF sQfbandesg#&ifor med into the frequency
dormGS. 6 41 6IPare didefithsaSRERANGRISRAM AR RbHED R
o.the original i natgerfser ogram capt uri nsgg%tahe higsgh Bhe

L |
originab gckderspo v ppadized piirferqpsanirdransiormysiniartbe frequardyciomain
accSRME S bHB AMRNNAL.- A TAER bedh @ifgfgél :rﬂ)rés%lfltg Lrﬁ%?ﬁ}%xs&@ s

i ncludes data corresponding. e h gquenc
wavenypber ghahpanths pbtained afterairessssing thoanodived interfearmiametupugina Fast
Foufi g byl idodP i PRO s ! i
ooEmBATh GFI R oL L0 AMETA o e
medjgm-4repgancy medigoy Width peeksrardethaddiemicahsipnals apptifaedrotinstrument
s odaRt e f ' hat the net effect of .
st B gl DU b APy Db R i
signelsnliecteragolvedhsinglb beant $posteuns kbthihatifrom theltruneated nestfeiogeam (FIG.

: i.cati.on of filter pr [ or. follow n
60) 5 Ao B RO Pom st Rhir R FFEE SR el o vaiflpg o
medjums fegehonsigiBys o bigh-Gegicshaptigndld. G 7 is a diagram

il lustkat.i a.knogwn triangul ar apodi zati on waveform

e B R R R R o 1 SIS el
includet£lbiveireq@inasignallle4 Sank: DRost ArfdlIQRafetnatid ARibERARSthe
. 130 32. is_.applied to botﬁ the orjginal interferogram
instEiEgh e o ot i Gpespweter e the gt gioe e getsselesspecira lso nclude
medl'rlkiﬁ\/ﬁb‘cﬂfencyssji & 12gtHnt hﬁ%ﬂﬁér%ﬁé?ﬁ&ﬁ@%nﬁ@‘éﬁarq.fa%{ bthfMent signals

S y

—
=

_gen ths, different effective weights are actua
attri 'ﬁff? fodbfndidm inferfergings.i Wcentrash Sgrosiginpbiingle branbwectrulini4p
addiﬁ&%@llyzﬁ%dé@M%B @reaae%efﬁgﬁh@é 143RP Y nbB6w HBLIE uﬁ% b%}aé{qﬁ {o the

regi ons of the interferograns containing t
cherpigel;sig#plsy equency signal's and thus cannot effectively

' eFRY SELDR GEARHILREYS l idils) igi

auto r efl.er eﬁge a slor gan (Q:%Mesd;\;el%? ?‘gg'vef:l%@gt %’%loanr% ?Bﬁ original
and der esomeégmalmbeam Ispestra a‘tdo_r@l‘_lgb 0g¢ enbeldmesi Ghialfigure illustrates that the
low 594 6 r : nd deresal yed apodi zed
o L HERARTCLTAY BeblE1 08 4 e BREAE] FR0 Bt SRERA o
simitae trthel lomgandonaginen Eedpedéynsgials 1A4,Si46 0 theleignabibgsrbhnce spectra
140.1 ’?Ms,etﬁl?lﬁé 3 relt{&to%%el t%v% s%rgleenggrﬁ glyec’}/rg Ir'esshﬁ's in the cancellation of the low and
medium frequency signals in the auto referenced spectra, but maintaining the high frequency
signals as shown in FIG. 6F converted into absorbance.

FIG. 6F is a diagram illustrating an example of the final auto-referenced absorbance

spectrum (absorbance versus wavenumber) according to one embodiment. As shown, only the

high frequency narrow absorbance peaks 150 remain in the spectrum.
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wavenunber that can be obtained after processing the
apodi zed i nterferogramthrough a Fast Fourier
wae@esdessm (FFT). The | ow frequency or broad sPOHEB2006007652
the instrument function, the nmediumfrequency nedi um
wi dth peaks are either chemgal signals or artifact

frominstrunent signals (e.g., thin film
i nt ks ..
RSO SO A

of thgptimizedhappdizition ﬁlmh@m)rt dneexperimmandd] eako Irftblenéedrabmwﬁbe spectra.

t han .t he. ori
The o pie Rt e IR e Re i o e aPhleheGmtmcton. as
shoWn,éhp.l?’nfan: llnécgutg Iﬁﬁﬁlhnnﬁy signdty tQiit-afef 1ﬁ§ttiﬁhiahy-re$ait]@i’(&g$ 1nterfe|rence
[ oth t n esol ved single

fingBTE0 155 1209 35 el oty bich i@k Shetipel Signa peak
165hn@ﬂmenmﬁmﬂh@mﬂbmﬁdﬁﬁhﬂu|ng a broad overall shape that

is-attribu iInstrunent function of the o

s pé‘&%%rﬁ%t i‘? a“f%a‘ifﬂe'ﬁ?e SBErgP nﬁ%lﬁ gHds gappisg|uyiag as peadizetion

wavafosa in Waich e dﬁﬁﬂkdﬂﬁhﬁﬂa@@fdﬁlﬂ &Y coinBRRtiSn dHniBAL sénfent and a
artifact instrunent si gna?

ei t her chem cal nal.s or
°°S‘8‘% TGeme Rt e“tFnS]PBWIE H 1?4 Piythe H’E“éﬁf%ﬁ%ﬁ@é@g arg remaypd fremtihe resulting
autotrbﬂrdﬁéécﬂib@&barﬁb BsHc@a, REA NS Hﬁ)?é ﬁrb’éﬁl%gl cﬁgﬁﬁﬂdng% l%/\%‘h frequency

i nc|l udes hig frequency signal's ort
narrgy &R@nleﬂ&@ak: Hrlr ddpwisince ¢l thp @s@meﬁt @aifaqt, signal$ sre nfer G i Evely

reduic&d ﬁltﬁjﬂ@%?%lvw SouBhRs v@itl’fjae%ﬂl c]'léﬁ‘iie cﬁ fché)r}{%gl %@f B analysis

portions of the original an reso
Oft@ﬁé@f’lﬁ &amyieldrienergleteotianimitsrbatiai mmlon a"ttd a;cuimqu asd can be done

usm% kﬂeHl%hEﬂtl'l@% e e géég}ﬁ:eé With (éherﬂse?él o 1fnsrt9hgrb €§p¥gﬁig§%5$@ns or

the deresdlve S|ng
methgidrifansfermasionhe | ow and nedlun1frequency signal s 144,

14 I nce .spectra 140.

i a% C%Iierttg 8%?[1 29 {hg% lﬁgtlcin 1m1§I 1?{5?1%1 ' cg'ﬂfé%?’t’ thq?rggh?ftﬂ%e first
segnent ofhhe sande réferenaror bbthtabeditativon aackfoMG cdibé AGGRIRNCY

Si in the auto referenced spectra, but .

N T -
segni%lnfﬁcalﬁFe axbm&lr du&ﬁhaltlﬂﬂ@’ cﬁb@ﬂf@@ﬁ@%omﬁinﬁmrﬁff on€ oPmore of the

muo é%r EHP exa le of the final
it Bttt i Rt hemicn iMPUB et eelyveds G ghe

instrwaste lflllmitielli hncﬁ[@&l@é&hdﬁ gssfo@la@ﬂ it RO iR eter ﬁ?us%haﬁl\ﬁn

h frequen narrow absor bance peaks 150
i) B O g i ke oBisabiosaanee sy ol tarset chemical
impurities) Sltdr akdsle, ARk IQPFgEBH'Bf e @fst Eel'g}ﬁheﬁtf JreGd dpy &l \5 ?@t?bi Wivefdfin can be

enbodi nent of the optim zed apodi zat i uncti1on on
genegaddp exignd ayer afrepnratther sempleand sfuetss mmierf@pg@ms that fﬁhlede signals

correBpiring®b ﬁfe?ﬂ:ﬁﬁ&c%p QQBélﬁ?@tvltﬂngtrmﬁ%g nglpgndqhe hrei39

a standard apodi zati on funct
frequgpeies: atweh ptemetad Adjesirdan Pe perGumbd ﬂirdn@h tlar e of a lookup table or

thﬂ1ﬂ§hjggap¥ d (i.e., interference fringes 160a,
e ,n 6003re§érlrglggonvol uted with the narrow high

f ré@p@éhmg/tomhmuleactmmdis nmaéngﬂﬁ&tmmohﬁegfmﬁd@rn a‘ésb%e
t
B0 bR Bl DRl i S

implementation of the analyzer in which an end user specifies the length of the first segment of

the apodization waveforms. Through manual configuration, the user can experiment with

various settings to generate an apodization waveform that provides the strongest chemical peak
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waveformin which the apodi zati on waveformis a

conbi nation of a uniform segnent and a cosi ne segnent.
wQ\s0oshsso i N FI G 6H, the interference fri ngesPEr/ES2006/007652

renmoved fromthe resulting auto referenced absorbance

spectra, enabling nore precigion in quantifying the

hi gh frequency narrOM/chen1caI peak 167. Thus, since

[

Rl 26 o Th IS 186 s B B s and
Mﬁ@ﬂﬁﬂmﬁhﬁﬂt¢§@@@nﬂ®nmeK§hen1cal signal, the analysis

of I tection Ii better

or 01 SRR FR el AR R R gl e relfce o
vartigsthe @lngfd:taif thwcﬂrstesegmm ofaﬁa@nmmm wanbfoRe dffediiBe P& ehced spectra.

L PSR P B R o B
magmtudetasd apec@nd segamnaindheaibﬂm bﬁx&ecaﬁlﬂgcdsﬁﬁ@&ﬁeﬁfmt 8e only

t he.s reference or both
dlfferergza &ﬁ?/&‘f} apgfgzaggﬁwsgefcga}s tﬁg length of dedirstgegment. In
parti@allat ItlteLdpadilzz&fdﬂWvBBHﬁ Svith tleefirkseBgthéht 9£v1ﬁ§‘fﬁe fshcfr&%t length

ment) can be adj usted

orm se
corrgRORRD 11 554 ing SrleioareH §oGHe A1 LBl Sherseal sigaloeak 212 i the
strofpestdudWwith Ard Rtk RMhed Chidrsdly, e z{pbalzét%%dvgfogﬁw(lfmsleoﬁrst

the target chem cal inpurities béing analyze

segrpqEhaving the, reatestiength Gosespands tp ﬁlz@qgselﬁmgesfemg@mpmte@so in which
the dHel‘hl&aI fighab pRE LS We%ker' bﬂt Hﬁl’? leﬁsalﬂfé:rf(afehée? T %g!&déa‘ni%%ave%rm

frequenci es unrel at ed
Wlthéhegﬁféﬁ seg@enthaeing g depath h@h’eqcm twltwp pmyrqus Empldﬁqrowdes a more

opﬂrﬁ%l@@f@}eﬁcedt E@ctlla%? bRt IR nduitak %?lg)mal%n%ﬁ lis(tsté% agg the apount

apo i zati on waveform can be gene
of ingegfgrepee sfelfedtiyelyzhiptimicin d\cc@ﬁmg enamttien Embéc&magﬁﬁﬁsystdﬂﬁéf FIG. 5

ndj n
can e RO cEREF BRI sc Conbsla dht e i aange anglyss for
liquiflyseljdiemas a@cthéﬁuﬂbmwdiatmﬁh@dnaﬁ&ﬁausmaﬂls @ﬁhﬁodlﬁleﬁ’teﬂlfe @hpREon the

low #ngn C%@Jgn %rh %er_%s :§2g1;%ﬁ 15adj aé’ %E%dgﬁodﬁag légqsgirvﬁgi({q 1?1 e functions is not

lost. d?uk'theh emrﬂmtlﬁnentsl“replhc&rt@d FTIRf with@atlbT lofh@f #ith & GAHRB Lp ]%?Jiuses such as
conf a user |nter ace

[ ured hr ou
but i} iR o R e s lypeeg g spearety and F1-Raman
smmmmnagnentatlon of the analyzer in which an end user
Fﬁ%?%y es . the | th of the first segment of the
apotfiP8Ys dseyhed decBpigues o b impementadAn diginkalestronic cisenitry, or in

compiui® heSiSlares BmRXBSIoRWRIR! or'th E&nMﬁ&tioﬁé‘& i&h! Tﬂgﬁnsptlé}ﬁentatlon can
eneraée an ap odlzatlon wavef orm that provide

also a5 in 3ef %fth%@m i apt qlesirpin floratiie bemetfarmstthe $a@3mnuttqong of
ﬁlterfn@f The RN SRAGK A K 4 éohﬂh&?ﬁa%ﬁ% é(ﬁ{ En nge, by com uger program

frequencies and artifacts unre € 8Ig
tanglplg,{teg}b@glpd 1r1:qg1rm@xrga¢pqn@arrﬁt, Gg.,¢la meclinsiegdedbie sdkbra@c&mce orina
dohleH Sloh A I t how var.yin
prop glﬁ e fegng o prefchﬁ‘gcﬁl tgx?ﬂgftg cgl’gtaoﬁrenlgtopé ?Ilon o a%aé%i)r?gﬁsp\égl a;%)aratus,
e.g. W\@Elfaﬁnnﬁbbmremwr,tarmmpeﬁere oemokiglespeptitess. | n t hese

e Ion.wavef or.ns. _has

Fe apngRer Ry B e PRGN AP o Rl R Pt Binas et dustitine
compgle@qgnterprctecﬂ hagriagemmf it eandeciaylong i @y foem\aviadiag B3 a dhel-alone
progrgrglo}( as a module, component, subroutine, or other unit suitable for use in a computing

environment. A computer program can be deployed to be executed on one computer or on



10

15

20

25

30

di fference between each of the apodizati on wavef orns

is the length of the first segnent. In particular, the
wa@pwdiozaasd on waveformwith the first segnent hBwi/Ds20DEI@7652

shortest |ength corresponds to the resulting

referenced spectra 210 in vvhigch t he chem cal signal

peak 212 is the strongest but  with nore interference.

oG BER o e 2RP L AR LR BT LG Sl
comramuctatmmgetweﬂcer enced spectra 250 in which the chem cal
(p% c ﬁ cr r but with | ess b@terference. )
Th g\q%b% bTe <B fe BEIRERS PX Sk MRFeP PR oL grReRSOR AP e o
congpuket pyighanbetpsefern filhetidnsof i Gwieatith XpeRties oPnPWt diesand

nor.e opti ref erence pectra 240 in which the
ZengFRLing %@P“t%mﬂ% SI?B%R*‘“?ZS?%F PeLoPSH Y ARe 2pRERtun Sl be ingplemented
as, spetiel fuefse gid (ﬁrcﬁiﬁlfye&%l MEFPG A fidl ﬂ@%ﬁﬂlmaﬁkcgﬁfecﬂrﬁ?) dr@n ASIC

anot her egbodl ment e system of can inc
(applipatipaipge mltqgé%tedg‘é’f?é’rt)atl\é%duéﬁ‘ét%n fear & povHens of ﬁ@cqomu%program
andQﬁ&He%ce@@ﬁ’%e@ﬁﬂ&&uﬁ&achéf%ﬁle&@ﬁts {h'aﬂfdh&lonﬁ%' d, gas and

ot her internedi ate phase nateri al hi s° enbodi nent ,

t hePrpqepraEs Suiable fa thegweauian aksromputer é@gmyckmdg Wailveryiof example,
botl@ {Q it

o b PR ATl D E RO MRS gy o

digit#h gempyftero Geaerally, aepracasspi wijl ram@rlmtluuswssud: Hata §otmiet reabonly
ol L S T 1 SOORE o BT G e
proegyesy &1 duerutind mdiructionsving wes ocaore hnemoltmﬂ@/mm fc&dtolrlng instructions and

| bl & SEDLAPF S LA bt loet by AR 1 e i trom or
tranisprdmwnmdidﬂo oneammarke sitashorage denptdlr stbangrldid)alg.,infaghetic,
rforns the .sane . outco of

mahe g g e Bl G P TS UG s Bpo oceur overa
conpidipatitnspetddiet , | .e., a conmputer programtangibly

e ied. in an inf tio arrier, e.g., in a

OBk ST bl B oAy e OB prazra i tiond and data
1nclﬁdlegﬂl€fbrmsf &Tnoﬁﬁﬁﬂlelrﬁ)eﬁ‘nd?y ,mdl’t'idlﬁg%}ﬁ%y $t@karhpIe s&ﬁ’i%lﬁiubt%f‘memory

data roceSS| ng apparat us, a programmab
devki%egs §BB #&L&e@\n d Tlash memery |§F@°Q§o%gneé¢ diskse. g Saternal hard
disks OFRHHoQALIPBIS: AAbFANoRRaVidks! 3 CIILRABAY arﬁd’]ﬁVDolﬁOM disks. The
progranm ng | angtage, i ncluding conpi | ed
Pm‘ieﬁioéi“ksirtb? BEMPEY90 R supplemeatetl by, incoepotrsgs loyse@lal puranse logic
circhi®ym including as a stand-alone programor as a
nodul e, conponent, subroutine, or other unit suitable
f o gams ¥ @dt!é@ﬁ‘r@pdltﬁmqw@rﬁ'\as nssdherein, mamdvnmre eot limitegrtam
her,or
SO S0 of FrdFR S RRoten: WP ERHAE AR B0, SRS Lipageonsty
be cauifigurggl te resideen addrdssabit stomge medltmchnbyor&igumdrtu Bkecateioddne or more

procrégstoygo rAkmo%{ﬁé 91919 be h& S B al{}al enﬁ?e#g%%ﬁ%dmeg%gﬁu{%qsng m?egrated

oces

cnrcluD(Iﬁ)‘;‘ FPGAGOf Alﬁlﬂ i Thus, a)ﬁoduﬂana}nimelnﬂe bn way oﬁ@@h@ild B8nBdhents,
suchi nspu1;t dgt a andﬂg rhé) Met hod can
L e S ol R P e ore LR R P e L34 RpmBersnis apd task

components, processes, functions, attrlbutes procedures, subroutines, segments of program code,
drivers, firmware, microcode, circuitry, data, databases, data structures, tables, arrays, and

variables. The functionality provided for in the components and modules may be combined into



as, special purpose logic circuitry, e.g., an FPGA
(field programmabl e gate array) or an ASIC

W@ 2pplodasad i on specific integrated circuit). MoPCI/ES200€007652
refer to portions of the conputer program and/or the
processor/special circuitry ﬁ?at I mpl ements that
functionality. Processors sattable for the execution

of a conputer i ncl ude, y. of exanpl e,
oo A B P BT PO io0d S8 POBR g grodules.
one or nore processors of any kind of digital
uter, Genera , a processor wll receive
h*’ééﬁ

| ns hilgthisgneentionihasbeen partiswagly shern sl dpsoribae pith eefergnees to

prefeﬁeai BRbARRERS thEROD tkvifl be kaﬁaebstooﬁfb% thsye SitliéPin 1B PR Birious
a conputer are a processor for executi ng

ChaP$?§tHF fremiapeh detaiiinafe rarderfsrein Wh@*tﬂemmgcfé@n fhsrscope of the
invéHiBh Leﬁkgmiopas%%a Hﬂhegaﬁena%&ﬂclﬂmsa General |y, a conputer

I nclude e operatively coupled to
recelve data fromor transfer data to, or both, one or
nore mass storage devices for storing data, e.g.,
magneti c, magnet o-optical disks, or optical disks.
Data transm ssion and instructions can al so occur over
a conmmuni cati ons network. Information carriers
sui tabl e for enbodyi ng conputer programinstructions
and data include all fornms of non-volatile nenory,

i ncludi ng by way of exanple sem conductor nenory
devices, e.g., EPROM EEPROM and flash nenory

devi ces; magnetic disks, e.g., internal hard disks or
renovabl e di sks; magnet o-optical disks; and CD- ROM and
DVD- ROM di sks. The processor and the nenory can be
suppl enented by, or incorporated in special purpose
logic circuitry. The ternms "nodul e" and "function," as
used herein, nmean, but are not limted to, a software
or hardware conponent which perforns certain tasks. A
nodul e may advant ageously be configured to reside on
addressabl e storage nedium and configured to execute
on one or nore processors. A nodule may be fully or
partially inplemented wth a general purpose
integrated circuit (1C, FPGA, or ASIC. Thus, a nodule
may i nclude, by way of exanple, conponents, such as
sof tware conmponents, object-oriented software
conmponents, class conponents and task conponents,
processes, functions, attributes, procedures,

subrouti nes, segnents of program code, drivers,
firmvare, mcrocode, circuitry, data, databases, data
structures, tables, arrays, and variables. The
functionality provided for in the conponents and
nodul es may be conbi ned i nt of ewer conponents and
nodul es or further separated into additiona

conmponents and nodul es. While this invention has been
particularly shown and described with references to
preferred enbodi nents thereof, it wll be understood
by those skilled in the art that various changes in
formand details may be nade therein w thout departing
fromthe scope of the



i nventi on enconpassed by the appended cl ai ns. CLAI M5
What is clained: 1. A nethod of signal processing for

wais@eiovesspect rometry, conpri sing: obtaining a BERPE®06/007652

time domain waveformof a sagple signal and a
reference time domain waveformof a reference signal;

CLRh\S}%” di ng a sanpl e apodi zati on waveform for

applrication to the sanple time donmain waveform and a

Whaie elamingle apodi zati on waveform for application to the

1.

r ef reg}cg ;ﬁi.rre donai n \éuaveforn}ﬁ each of the

apduiSHOA OR SER) BFOSPTNE (Y ST MSPRYOmeHy » OMPESEent and a
second stk a santpe tihd ddmaeFaRIMrmOdf alsh@pRagahkind a reference
apodi zati on wavef oﬁg{m gFi ng%séﬁft antially coextensive

i n JRAGID RV ofG reeentRTeRti al 1y same wei ght

prof il e pasvidiiea kdnid appag et wak ot Sor 2phBdaBBE & the sample time
apodi zat i on_wavef or the second segnent of the sanple

andi PV BHYEEMAARE dir SSRGS FPORITEI0B Pk cTarR: For RaRIjcAoro the reference

deqayd dinaeivavtifort, @4dhlof ihe APRIiNeHiBH wa ko2 @BRIPri&iRL a first segment
reference apodi zati on waveforns to the sanple and _
r ef38f @ esond segmenh g fistiragreamp phibe same tpedizaten yavsfnm being

vei gt digii CocRRALVER &% £ hfa{liB%% ﬁlgji%ﬁﬂﬁ%ﬂfy Qe w%f‘ghf }?rgﬁle as the

apodi zat1 on waveforns to corres ng substantia

c odstespgmens of thgirefprenasfapedieation mpveform ther sséandsegraent ofithe sample
dormi ; _ j . ) . | .

TR AN AT ST AR A LS AR

apodi zedpgzing tte samgleraed efeerce apodimtidowavafoavte fhersample and

i nt 5 [ S | e d reference frequenc

oL P9 A SO LSRR TSP o

speegmait ofitha laysdiztionwededorms as caresginding Glibstdn€ialiadipkiensive regions
spect ral. wav,

spect,ral veformto . the reference eform

© ha U5 aamp o R AR o B WS Rt e ey e et and
f r egfoncd thie deBgia waveomwt t h t he correspondi ng

coextensive regi ons of the odj zed sanpl e and .

r ef er en&& ‘i’rﬂjéggj‘g‘ﬁﬁ]?"rﬁhﬁém@?ﬁ%‘i refgrengg, linfdpinalg vyveforms into
cl @bffeshohdifd Sdipl€HaREfefhOiOfreqRERYiddnAR sh&ifral Whwforms; and

segnent of the sanple and reference apodi zation
wavef or SESi#tng arpfereacedspipbiplpnalypis gy ¢iambes aygtie of the sample

SURBEARL Wik mae Al 8iRfenbPPBEtl H8yefdm, Tﬂéﬁsp%hﬁﬁl}@fs waveform

e
claim1 further conprising: providing the first _
sedHistantially exslidingfsiquensissl aseigtedyvite thesorespandingicoextensive

P e T BT
c oripe imitheg-of claim 1 further comprising:
providing the first segment of the sample and reference apodization waveforms
with the same weight profile being a substantially constant magnitude.
The method of claim 1 further comprising;:
providing the first segment of the sample and reference apodization waveforms
with the same weight profile having a varying magnitude.
The method of claim 1 further comprising:
providing the first segment of the sample apodization waveform with a length that
is shorter than the length of the first segment of the reference apodization waveform.

The method of claim 4 further comprising:



providing the first segnent of the sanple apodization
waveformwith a length that is shorter than the |length

w@Roobhess80 r st segnment of the reference apodi zap@DNS2006/007652

10.

11.

waveform 5. The nethod of claim4 further
conpri sing: providing the secpnd segnent of the sanple
apodi zation waveformw th a Tirst weight profile when
appl i ed 1 ' [ vef.or an .

o ot i A S SR s A0 o 0o with a v
ap odiighi prasite whsnedpplied tnithdsamplemetbmaii gixef@mohid € when

appl i ed 1 nce ti domai n waveform the |
s gc ond \Réoslécﬁ ﬂﬁ % g{clsﬁ(g selgg’ie'ﬁtgor{g]efr ?%%Qﬁet aﬂoﬁ’&ﬁtl%"e‘éa"]e?(’f“g fvith a
weisgtvnd preight prefiledyheftapplivdtibthe reféreadeaint® donidin BRI Torm, the second

conpri.sing: provi.din he fLrst .segnent of the

r eggerl%h?] B’Fe(’%&ep%é‘?gz‘%{%?%ﬂt t&%\\}g? ﬁ??ﬁ”ﬂ/ﬁlﬁtﬁ’r‘gﬂ?engt h that is

shdik efettiddai clahie 1 If@t@t bondrisinge first segment of the

sanmpl e ag)od'_zatbi ﬁn waveform 7, The nethod of claim6

f ur t her PROSHHIE 18F HEt sosmsds Aithegelerracsaodiratiopawrsfrmtith a length

t hehds afbReraR@Cthe RhytR Of W8 Yiedh QoW Jtﬂh@saﬁip[ezﬁ)p&\ﬁétmtwaveform.
en applied to the sanple tine domain

profile e

vva\?ljé‘F Bietod helapt 6 firdienepmsisingecond segment of the

r ef er engRyRRRthe SdebflseBRYR 0PI WhBIB aFo SLE0R T2 WEL A Wit a first
profile when applied to the reference tine domarn

wa Vit piofilerehenappling togieghmplp tiokidomaineiavgfoding dnelr ent

than th i ' [ f clain
oo PO BRBL e TSR Vi
wavePsad Weighprpfilegdwn aprlisd tantbe reBaetcettimme, doBlaarkamform, the second

Co i . ' i N Nor t on- Beer,
rann P OB b A B b e0d of o a1 m 1
further conprising: providing the second segnent of

th I | zatlaon veformw th wei ght, profile
nau S eRoF oFERR) £ TSR AR fiient e dbpistiopudverorms
sanphgises areositenBartettyBladann Coanek, Bagiaf] NPerithigh, SREMIL:
Se%ﬁnﬁ- of ﬁhe.ref eﬁﬂw e apodi zation waveformw th the
el GRPN-Bret Hrhing, oF WSICh Waxelgi®t rate of decay when
apphé methbdof diginr Efuetheneptikine domai n waveform the
first rate bei ng different than the second

Welj decagl an . .
rate of PraUding thejsseontseement Rbihe srmple afodizatign waveorm with a weight
coppfileianBig allra e oP@ech @h&pafvp 1l © A RAD1Qfmd a%aﬁw ;
apodj zat i on wavef orm vviitnh a |9r st wei ghg3 eprng)f‘lhﬁe ene?orm’
apflih ed to the sanple tine domain waveform and

provi diggyilifg tfeeaid s§§{t§ﬂéhﬁ? gitthé’feférgﬁe raﬁ(gcﬁfaﬁgﬁz faveform with the

apodj zation waveformw
weight profile having a second rate of decay when applied to the reference time domain

waveform, the first rate of decay being different than the second rate of decay.
The method of claim 1 further comprising:

providing the second segment of the sample apodization waveform with a first
weight profile when applied to the sample time domain waveform; and

providing the second segment of the reference apodization waveform with a
second weight profile when applied to the reference time domain waveform, the second
weight profile being different than the first weight profile.
The method of claim 1 wherein the sample time domain waveform and the reference time

domain waveform represent an optical response signal of one or more chemicals and the



second wei ght profile when applied to the reference
time domain waveform the second wei ght profile being

walpdobesesas than the first weight profile. 11. A¢EUS2006/007652

12, °f

13.

14.

I5.

16.

17. ¢

I8.

19.

met hod of claim1 wherein the sanple tinme domain
wavef orm and the reference ti me domai n waveform
represent an opt|cal response2 signal of one or nore

d tral f
o PebBi B HEh SO0 RRSE A P ab g o TeRicee
S peptdtium offthet dne opfiRrexdhemial. cheni cal s. 12, The net hod

ai 1 er n, the | j.cation_ of the

e astho éﬂf glatm, W&EF@H?*P %ahfaﬁlen obitp é‘ébﬁt'i‘ﬁﬂ?lh’gsame weight to the
C O%fr&dp&hdd@ ERGlehdite @%loﬁm tEAARIpR: A0 @Jef&eﬁ&r tﬁﬁ@&)rﬁdlmaveforms
domai p wavef orlgﬁq resu é@l n substantial excl usion

f r SEHER I Hestntighexchysion ghfequspeies fram, e spagialanabypis vvﬁmform that

ar %rcﬁéﬁb&ﬁrﬂﬁlly Bhilkedtcdb BledbBeh] lee@pdnbé%mg}m beé oﬁ@&ﬁﬁ’&é @hemlcals
nal of the one or nore chemcals. 13, The neth of

igmethogieé plainy 11 waersindheomnepp moreehemicaliisa scéldahwl iaggas, or an

I | qulqnedpat&Q&cget&qeb@ﬂvéth ermedi at e stage therebetween.
14 he nmethod of claim1 further conprising:

ut iﬂhﬁﬂwd@fﬁémﬂ@rﬂhwwm@mm Spect rometry device to

obtain {,he,; tggpg:
of claim 1 %‘l’r‘gﬁeﬁ%ﬁ e|Qterér5m’ftr ans or mélg 21? népggne
dedomeinj wavafoFour i er Transform | nfrared Spect rometry

( F-&Ihlg)meﬂ%\é'o‘f Flam'iL M‘g}gm tﬁo%gierofraﬁsfo plece’\‘o}g%];g/n%vgzg 52 Fourier

e Si erence S|gn
and’ raﬂs@mﬂnﬁmekl Spectrreetryc@TR)i deeise. generating the

reference .ti.ne. d vefo m. by, C ing the sa

S SR o NP SR SO AR R et
mhanetmmdﬂ&dimmlreorﬁpmal and the reference signal are

i denti cal, a?nd t he, net hod ﬁflurther %orrprl SEes;

gener at P A A thedpiErBrring domalRy SRR AOPBIisysample time

true@;ainlme@nﬁegl on of the sanple tinme domain
laim1l wherein the sanp

{ t hod of
Ui e Histher ﬁ§ faine f yhereindhe Bimpla agnal Hddhgrelessnse fsllgn:ﬁﬁfeazﬁentwal

m@ﬁwﬂ@nmﬁ@f@&h&m&gg .cal calculations. 19. A nethod
of signal processing for use in auto referenced signal

spect r ofeNeraing thereferensatine dnmain WavRiorm bydmsicatingaregion of the

dog®hple v abREM Wveirmanpl e signal; generating a
reference time donmain waveform from the sanmple tine
dorHif method of claim 1 wherein the sample time domain waveform is obtained through

experimental measurements or theoretical calculations.
A method of signal processing for use in auto referenced signal spectrometry,
comprising:

obtaining a sample time domain waveform of a sample signal;

generating a reference time domain waveform from the sample time domain
waveform;

providing a sample apodization waveform for application to the sample time
domain waveform and a reference apodization waveform for application to the reference
time domain waveform, each of the apodization waveforms comprising a first segment
and a second segment, the first segment of the sample apodization waveform being

substantially coextensive in length and having a substantially same weight profile as the



waveform providing a sanpl e apodi zati on waveform for
application to the sanple tine domain waveform and a

WO edoensisse apodi zati on waveform for applicati oPCT/US100€007652

20.

21.

22,

reference tinme domai n waveform each of the
apodi zati on waveforns conprigjng a first segment and a
second segnent, the first segnent of the sanple

apadi zation vef or m bei substantial | y coextensi

P IS Rl SR AP BH R i, YessteSERgREN of e sampe
pr aind kfer@foct dpodizatdh vaeefomns cacll hdvigs 4 ®L&igNweight profile;

apodi zati}gln, vef or ﬁ&?ﬁ% second segnent of the sanple

and ref & Weév%%fp%@i’ 40F BreTGRES aptiFREioR Beveferansitp fiegample and
deGafetenee Wt BthaiRwaléfbitis, aidBbitiaNy sihewedMlcthgpplied by the first
ref erence apodi zation waveforns to the sanple and

r efSEFBHE &F the gRodeRTan HAVRYIETEP psTesRup e anbstaafiply cosnignsive regions
vei gitte BRbRGNARILRY i dobfid WavetornE $8&ingaH aﬂcﬁfzeii Fe;/mple and

apodi zati on waveforns to corresponding substanti a
codsiernes tie deprip Mevedprmshe sanpl e and reference tine

domai n WaNGhafifBhe bl %eﬂ'?plé an_ﬁ@f%génégﬁmé apmhS \Xﬁa@gforms into

reference tine domal n waveforms; transformng the

apcgdirespandingrprinelaand refereaeehspendy demdinrspeatralvasrefomssand

'dnt 0 ¢ orgéﬁﬁﬁg‘% Q&o%%&@h&dég&gﬁlegnglggg Q’gvéfgr%'ggseanrglgo of the sample
omai n Spectral waveforns; and generating an auto

r efspectnabwal efmdd thel refareate/spegrahaaedfommtiasauty referdnoeddpectral

th C I vefarmto the.referen spectral .
w2 P Sy BRE b b BRI sl iR R BpB AR egion of
watkd apodizedisipdntimatdnyaiewalefelnng f r equenci es gener at ed

fr the first.region of the apodi zed sanple tine |
dore PRedF St 96 et romndbos Rt s rrere e gpain
COnpiveRAaR fGaNAE sdnpldtith tormih aeePs@n by fiencd@ipd l'égion of the sample
waveform fromthe sanple time domai n wavef or m by

t r (HEHTRY WaYet¥on of the sanple time domain

VaVeinethBl oRskgnafpidBdsiag iR lisSinGperoReRs Bsipriehet O use in
spectronetry conprisjng; obtalning a sanple tine
dormai n RElBEISAREPledinedomag wavgiam:of g sevplgsignalan

apodi z abfo?[ﬂiﬂ?éﬁejfpgdiigdtfoﬁ kwad@Bth ERbhARaGish tyf’l?e SRR thne domain
time domain waveform the apodization waveform
corfysvelermgheagodizgtionsaysionm camgrisinge fishebemenirand @ seqoné segment,

finggd t?@tesggiﬁéﬁt HBGHE ey taé%%ﬁ%ﬁ@%@%%h%ﬂﬁfe%ﬂa th\é%ja&)ml )s/egment

profile and the secon avi ng a substantr a
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2000, SN OB b BT oo,
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frequency domain spectral waveform; and
generating a spectral analysis waveform substantially excluding frequencies and
artifacts associated with random noise and truncation error from the sample time domain
waveform.
An signal processing apparatus for use in spectrometry, comprising:
means for obtaining a sample time domain waveform of a sample signal and a

reference time domain waveform of a reference signal;



frequency domai n spectral waveform and generating a
spectral anal ysis waveform substantially excl udi ng

w0 e@geisad es and artifacts associated with ranPOnUSIEE7652
and truncation error fromthe sanple tine domain
waveform 22. An signal progﬁgsi ng apparatus for use
in spectronetry, conprising: nmeans for obtaining a
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domai n weess for rmsformglthd apgdizel sampiti and defaranqgal taneduthain

ref, ' domai.n wavef orns,; neans for .

t r T ESfifls bl PSRl SR QiR IR S tomain e
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reference frequency domain spectral waveforns; and |,
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wavefigehRrocessing Appargpsalor ye i ele refyenss aigaal grectrometis e

i N caMp@siigf erenced signal spectronetry, conprising:
means for obtaining a sanple time donmain waveform of a
sanpl e Biegrdpr obigining a sample e dempin grasefom of esrowla signal;

domai N YRYVEMOF Sl 4 RErSRITRE dbhfh iOBHR fORVEL YdBle time

domain waveform;

23.

means for providing a sample apodization waveform for application to the sample
time domain waveform and a reference apodization waveform for application to the
reference time domain waveform, each of the apodization waveforms comprising a first
segment and a second segment, the first segment of the sample apodization waveform
being substantially coextensive in length and having a substantially same weight profile
as the first segment of the reference apodization waveform, the second segment of the
sample and reference apodization waveforms each having a decaying weight profile;

means for applying the sample and reference apodization waveforms to the

sample and reference time domain waveforms, substantially same weight being applied



means for providing a sanpl e apodi zati on waveform f or
application to the sanple tine domain waveform and a

WO edoensisse apodi zati on waveform for applicati oPCT/US100€007652

24.

reference time domain waveform each of the

apodi zati on wavefornms conprising a first segnent and a
second segnent, the first séynent of the sanple

apqdi zat.i on wavef.grm bei ng substantially coextepsive
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coext englepes fopganerasing an auierefuenseesneadr] pedlksiswerefornms a ratio of
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reference frequency ‘domaln spectral waveforns; and

e 2k sigha progessmgappargtusafor asetio ante faferemed digaisptat@inetry,
anaclo%sirig,mv\/aveform as a ratio of the sanple spectral
waverermeo the reference spectral waveform the auto

r ef er enagtbcepoecittaining aahysle Smedumbiarwaveiohs bantdngld signal;

excl udi fre uencie% gen rated.f:gomthefirst reqi
of the HPFFEPLER" SAWHBE & FHE ST omarey BefRrmpm
Si ghalaindvaesat Ng apparatus for use in auto referenced
signal spectronetry,, conprising; a processor. obtaining

a sanpl etnr?f-@ssaaﬁra.}%mﬁé\na (#PEization yiapsiarns fog Applicatiqndo the
Pr QEABR AincdRARIAKAVIEIR a8 h BSBBER abbdTBatidA Rk EoMR YR affIBution to
fromthe sanple tinme dopain waveform the processor

pr dhs @fqﬁglcgtlgla ﬁlﬁméma)mgﬁog‘gﬂqaghom%gog‘z%lqrb\yaveforms comprising a
AP HrbtGBIh QR adCa $eBEndSRPMbA, thé Rt SAARAI I WRVEHIBlHpdichtidn
reference apodi zati on wavef orm for ap‘gl ication to the

r efveavelsa beingaubgtsntally opextertsbienn leagth andhavitgea substantially same
APl blofile WANEHQY FBmERTP i H188nd dhbdisdi A SRR AR scBond
secon egnent, the First segnent of the sanple

apcdgment pothe vané andyefeednagampdirsticanwavafdns easdrhpeing b decaying
in 1d having a substantially sanme wei ght
pr&*ﬁ%bgg%?he first segnent of the reference

apodi zathegmoosssoefpplying thhsanse anbreemreaiodbtidtheawfomak @ the

32 %grg}gl% gﬁc? [LE&e R0 %gr{ezﬁma%nwa%%%%gg 'S sta%agllf'y sgg‘l\é Ivsr/}:‘cxlgh:%1 being applied

by the first segment of the apodization waveforms to corresponding substantially

1 on .
%e sample time

coextensive regions of the sample and reference time domain waveforms, resulting in
apodized sample and reference time domain waveforms;

the processor transforming the apodized sample and reference time domain
waveforms into corresponding sample and reference frequency domain spectral
waveforms; and

the processor generating an auto referenced spectral analysis waveform as a ratio

of the sample spectral waveform to the reference spectral waveform, the auto referenced



wei ght profile; the processor applying the sanple and
ref erence apodi zati on waveforns to the sanple and

WO edoernsisse tine domai n wavef orns, substanti al | pPCEES®06/007652
wei ght being applied by the first segnent of the
apodi zation waveforms to corfesponding substantially
coextensive regions of the sanple and reference tine

donaj i I |ting, in apodi.zed sanple
ror Bl BByl ety R AR g ep BB Rafiafed rom the it
t r apgibofnthe gpddived senade tid dsmmphavebdn.r ef erence tine
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25y eg% Flgﬂa\é\%rqchéﬁ’ﬁf?H}&%fatﬂ% P 18 %&W&%ﬂml&nﬁt : and the
pr ocess aieageestaiining adimply timeldomamens /et REE bdndle signal;

anal ysis waveformas a rafio of the sanple spectra )
wavef or FIPRS PRRFOyidg 28 gpdizaiar pavgionios sRpliGRtion e the sergple time

r efRrRRCLLERESE] the bpo'ﬂih@ﬁ&rﬁi;v&vefﬁﬁlegoﬁfpﬁbi%% B3t @84 nftnt ¥d a second
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of SeHBenbIBtiiIsbeRghbrEng p sebstaniallyongiant sieht profle aad the second

Si GB@her® hARES S ubStaRRIPY 1ok -Hieak @éca&'ﬁﬁv&je BRGAL! OMEL 'Y
conprising: neans for obtaining a Sa e time donain

wavef or feans far apphiinethe prpdigationwayeformge thersemplgiting domain
AP Qe eRlh HesuSh 9 ?%d‘d%ﬁd AR lbGah R efofint he sanpl e

ti me domal n wavef or e apodi zat 1 on wavef orm
conpr i simegnsdor iransforming therapodinet] samptec imad egmwarefortnhiato a
fir ' . S i al |y constant wei ght
pr 8? {rfséglgdr@%%@@%dg?%ﬁl mssgggrtrltgﬁﬂgﬁeg?/rf’yhﬁnd; substantial ly
non- | i newansdfecgepematingvespgbiral prabysid veqvefor@nabstantialiyp@iciidig
th j i 0 vefarmto the sanple tinme donain
woALleE Bd AtEUSL ARG I S0 B 3OBs fad biafon Sor rom the
wasahple timeriemam wayefokransf or mi ng t he apodi zed sanpl e
ti domai n waveform intq . a correspondi ng frequenc )
26. oI RSE ST BRGNS PTEDIRHECSHSHE o gHotier sirifiglos  signal
specpairy,dhcladiag insinstivavigin Jpeabless abé %/R@%sdsmglap&rams to:

frequencies and artifacts associated wi th randomnoi se
and t r uRU&NASAMRIE tigle domain Waystogn o p santleraigepd s sreference time

waiehgih Wavedrm Hf £ RIRHcE kighs109r am product, tangi bly
enbodied in an information carrier, for signal

spect r oRieYidg 2 sppRle arpdirgtiomwavefirm; lehappleatioy tothe semple time

CadsMaitl Hate R GRESIRIerRP B dBhaHS §/erR B SppfcRRIRY e reference
time domai n waveform of a sanple signal a c? a
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substantially coextensive in length and having a substantially same weight profile as the
first segment of the reference apodization waveform, the second segment of the sample
and reference apodization waveforms each having a decaying weight profile;
apply the sample and reference apodization waveforms to the sample and
reference time domain waveforms, substantially same weight being applied by the first
segment of the apodization waveforms to corresponding substantially coextensive regions
of the sample and reference time domain waveforms, resulting in apodized sample and
reference time domain waveforms;
transform the apodized sample and reference time domain waveforms into

corresponding sample and reference frequency domain spectral waveforms; and



domai n waveform and a reference apodi zati on waveform

for application to the reference tine domain waveform
weawh/0ofs3¢ he apodi zati on waveforns conpri si ng BCT/USED6/007652

segnent and a second segnent, the first segnent of the

sanpl e apodi zati on waveform_being substantially

coextensive in length and having a substantially sane

wei ght profile the first seqment of the reference
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domai n waveforns, resulti'ng in apodi zed sanple and

daty prpessERg aPnarais tfonmi n waveforms; transformthe
apodi zedpaaPlamp¥ind &nRhRERASr B le i ghg €1 or s
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donmi n gpestate arefoanasitirerdomaiivyefoemdtom the sahple Emealdmain
speghifimanal ysis waveformas a ratio of the sanple
spectral aveformto the reference spectral waveform
t he spegptavide asamiplesipsdivaivs fxavefosuis kpplichtidn ty thexsampliting
fre ' SOGI wi.th.the correspondi .
coHaRGl GRrAEaRg s b heb St SRIEERRRY abilation o the reference
r efteweedvmenin warefatoreach ofithe @padirmion dvefdrnBGaomiptising a first ssgment

rogr,am pr oduct angi.bly enmbodi ed iin an. i nformation .
Carth B Rpdp i, R el Bl U e Sy Bl Bt for being

| nGlbsthintiglly ekietisve mﬂﬁlgbﬂing@aﬁﬂgﬁ é\bﬂsﬁn‘?iaﬂlyc‘s_ams Q/gféﬂf grofile as the
rocessi ng apparatus to: obtain a sanple tine domain

eV TGRS SRS SrtePRceapetiion yavelpp eserqud SFamIS OF iy gample

donmil FefieNRl @6 dikdtiod Wal dTBrnE AR BavingHRice8)iR Weid \padme;m
provi de a sanple apodi zati on waveform for apg]:el cation

to the 2BRIpENS SRk apdrRiETeNCRARQMZSHR WAYPIMsde e sprpple and

apQgeratd @he Yo ah VaRh@ls, ABRhtRAY | :
time donain wavef or {'n% each %%ﬁttfaﬁgé%ggeogggg{bi%g{r%%ﬁqe%%%e first

waesTBs 1 6 Apadizsfiom wavefarms fo ersigarnating sebstantiellscregxtensive regions

SeQBlsamplR@nd tefStnce BRHTRA haf?lfw&vgﬁmﬁg rlr&luﬁing @19?60%1&%?1% (]:]e and
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first s ' ' . rm-
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spectral waveform to the reference spectral waveform, the auto referenced spectral

analysis waveform substantially excluding frequencies generated from the first region of
the apodized sample time domain waveform.
28. A computer program product, tangibly embodied in an information carrier, for  signal
spectrometry, including instructions being operable to cause data processing apparatus to:
obtain a sample time domain waveform of a sample signal;
provide an apodization waveform for application to the sample time domain

waveform, the apodization waveform comprising a first segment and a second segment,



reference tinme domai n waveforns, substantially sane
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coextensive regions of the sanple and reference tine
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a sanple tinme donmain waveform of a sanple signal;
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apodi zaigeremating\agtiorenve tim¢ denaawpvedortn fiem dhersample time domain
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applying the sample and reference apodization waveforms to the sample and

reference time domain waveforms, substantially same weight being applied by the first
segment of the apodization waveforms to corresponding substantially coextensive regions
of the sample and reference time domain waveforms, resulting in apodized sample and
reference time domain waveforms;
transforming the apodized sample and reference time domain waveforms into
corresponding sample and reference frequency domain spectral waveforms; and
generating an auto referenced spectral analysis waveform as a ratio of the sample

spectral waveform to the reference spectral waveform, the auto referenced spectral



time domain waveform each of the apodization
wavefornms conprising a first segnent and a second

waeegments3o t he first segnent of the sanpl e apodP@HUSING/007652

30.

r ef
31.Wel

32.

wavef orm bei ng substantially coextensive in | ength and
having a substantially same ygight profile as the

first segnent of the reference apodi zati on wavef orm

th seqgnent. of

an%ln?@%lg%%%éﬁg %Jg : Zagl&ggch\ll\(g v%éeqru igs éeneratgé E‘omsfﬁ‘enﬁ)rst region of
subb@mmdlzadba]nm@medmhaumgmfbmde t he second segnment

of n fere ce a d zati for each
L Gk e L R T R
an ohpodatmoamd‘apmhomlsam cosivie bt NortdnoBédh /asefoph.e and
rence tine i]Jt&bé\)&alveforrrs substﬁi\:ntl al |

HER BTG 8 AP PR L L AP S BRGHANios o Infared

apc(ﬂu“ﬂatspwtromat\tgfcemﬁﬁsmg) correspondi ng substantially
coext ensi ve fegi ons of the sanpl e, and reference tine

domai n REGRYTIGF Phiaining @ spipp ﬁﬁmeﬁo%@ﬂ%’é@r@ﬁﬁﬁﬁ%ﬂlﬁ%ﬂgnal

ref er engahd BRgdHORABha WAAEGICR TR dobaRiVedvRTofh Tnf A€ sample time

apodi zed sanpl e and reference tinme domain waveforns

i nthmél’S‘r‘?’aé@B)c‘S‘ﬁdl ng sanpl e and reference frequency

domai n gResd fBEJ‘ﬂ)roW@Hl%fa%ﬁﬁﬁle POz B6H SR A O R Qp&ﬁi‘d&tﬂ)n to the sample

referenced spectral "anal ysis waveformas a r

t hdineamain spvedarmaand gaciefeaserappdization waséforme fir epslisetion talthe

way.

B R S A AR CA oA NE BT comprpinge st

f r oPgmenéand g @pondéggmcntdhe fltsesegpﬂ@nh of d‘iﬂb sampblapodmatmn waveform

dgg@ig gl‘.’é‘!%y % 18[ oe}?tgns%v-mﬁ le'ﬂgghllgg hg\ét}%zlt §a é?tg]?%g#g éame Welght profile

ap@@lﬂl@d’trastocgmm'/efthc rm?ermmpoMOmwaﬁa’ome therweght profile of the first
form 31. A nal cessi.n

oot EF s PRI A et mobteAihouefRats Fent rlsiarai

| chommdm@gﬁiua) , tipeedrdasghént of Hhe ﬁaiﬁl?cls hﬁt&e?e?@@@&pcfd?&ﬁtmn
obt ai n veform of a sanple

si griaf Onﬁ%eﬁﬁiﬁzgp&g ag‘ieeﬁ@f"é% Wnag‘td’r‘\?@?’er ence tinme donain
wavef or mehifsdon dpb@/l@&ﬁ@bé@}ﬂd 4R rERFRE S bpd@Y R ANV BRSNS the
for provi | e apodi zati on waveform for

ap ﬁ? Sf“i“g‘i‘??“?%lc? Hege él%‘ﬁllné” 3 PiREN Y SphsieAtialknsame weickhbring applied

r eb@iieTas: sagfchit sAdht @podidvied REvBrErRYs t@%febﬁxﬁﬁin% RubsBankitfy
reference tinme domain waveform each

ap SOFXICRETVE FPSiRRy ef e sEmRle At reiTange time d@rg@m @@g@%ms requlting in
S e apdEzed BHEB hnd Ifek*e%ﬁcé Fige d§§191ﬂ%tvef3fms‘t he sanpl e

apodi zati on wavef orm bei ng substantial’ly coextensive
i n | engiRangAer trrasfornging theapedizadispmpleynd referencetigtetdomain

A LS BRI, 856 v
waveforms; and
means for generating an auto referenced spectral analysis waveform as a ratio of
the sample spectral waveform to the reference spectral waveform, the auto referenced
spectral analysis waveform substantially excluding frequencies generated from the first
region of the apodized sample time domain waveform.
The apparatus of claim 31 wherein the second segment of the sample and reference

apodization waveforms comprises a cosine or a Norton-Beer waveform.
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wherein the second segnent of the sanple and reference
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l ength of the first segnment of the sanple apodization
waveform and the I ength of the first segnent of the

ref erence apodi zati on wavef orm can be adj ust ed.



