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FIG. 1 is a diagram illustrating a number of several standard apodization functions and
their corresponding waveforms. Standard apodization functions include Bartlett (triangle) Sa,
Blackman 5b, Connes 5c, Cosine 5d, Gaussian 5e, Hamming 5f, Hanning 5g, Uniform (boxcar)
5h, Welch 5i, trapezoidal 5j, Norton-Beer (strong, medium and weak), Happ-Genzel,

25  Exponential decay, Gaussian decay, and other single- or double-sided apodization functions
known to those skilled in the art.

Apodization functions are used to apply a weight profile to an interferogram prior to its
transformation into the frequency domain. Since different sections of the interferogram
correspond to signals of different oscillation frequencies, the shape of the corresponding weight

30  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



gaussian in shape. In the case of infrared spectronetry, such broad spectral
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The choice of the apodization function generally resides in a trade-off between resolution
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of the signal frequencies and truncation error or artifact ringing. Frequencies that are very close
together can be resolved if the interferogram oscillation is allowed to continue until the
frequencies begin to separate from each other. In other words, to obtain high resolution, an

25 apodization function that completely suppresses the signals at the high frequency end (i.e., the
latter interferogram point numbers) reduces the ability to resolve narrow peaks.

Thus, the apodization function that is typically used for retaining the highest resolution is
the boxcar apodization function. This function is the same as multiplying the interferogram by
the value of one across most of time decay and then multiplying by zeros at or near the end of the

30  interferogram. The boxcar apodization function provides the best resolution for that particular
system but the worst ringing in the frequency domain. Conversely, an apodization function
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.



t he boxcar apodi zation function. This function is the sanme as nultiplying
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is used as the sample signal. The sample and background single beam spectrums are then
converted into an auto-referenced frequency spectrum by the log of the ratio of the deresolved
single beam over the original single beam. The resulting auto-referenced spectrum removes low
and some medium frequency signals of the original spectrum along with random noise, but keeps
25  the high frequency signals such that the sensitivity to the spectral information from the sample as
opposed to that of the instrument is improved.

In such auto-referencing methods, apodization functions are used to weight the sample
and deresolved time domain interferogram that generate the original and deresolved spectra such
that the desired profile of the auto referenced spectra is produced (i.e., retaining the high

30  frequency signals and eliminating or reducing the low frequency signals). Known apodization
functions typically apply a continuously decaying weight profile in which high weights are

applied to interferogram points that correspond to the low frequency signals (e.g., low
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that can be utilized in signal processing to substantially reduce, if not eliminate, low and medium
frequency instrument background and artifact signals. In particular, application of embodiments
of the apodization function are particularly effective when using an auto-referencing method for
signal analysis, such as optical absorbance data analysis including Fourier Transform Infrared

25  (FTIR) spectrometry, FT Near Infrared (FTNIR) spectrometry, etc.

In combination with such auto-referencing methods, embodiments of the invention utilize
an apodization function and corresponding waveform that render the original and deresolved
frequency spectra more similar for low and medium frequency signals, while retaining the high
frequency signals only in the raw, original spectrum. When calculating the final auto-referenced

30  absorbance spectrum, the ratio of the high resolution single beam spectrum to the deresolved
single beam background spectrum retains mainly the chemically-relevant information, which can

be more effectively analyzed.



frequency instrument background and artifact signals. In particular,
application of enbodi nents of the apodization function are particularly
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(FTIR spectP MY FT Near Infrared (FTNIR) spectronetry, etc. In

conbi nation with such auto-referencing nethods, enbodi nents of the invention
utilize an apodization function and corr espondi ng waveform that render the
original and deresolved frequency spectra nore sim/lar for |ow and nmedi um
frequency si gnal¥s eWkZP‘l“B’ePtéPQihﬁP’ﬁ@e"f Reentongen exterdfhe drisetion YREOEIO8n y in the

raw, ori gi R&icetB&t doriPondfRe hdCiAdreddd '@1% bReisibMghdldediRdcy deihe chftiRe/fRekis30
absor bance spectrum the ratio of the high resolution single beam spectrum

to the der &stiglydor 2as Arplysisnd yHrarughayrie eatss apdn mr&lFHl%ré?rdflﬁ%wWW

chem cal |y gripb@mans of th g&,&a{ inPdhtion\btinGlRo EdilitatddBordeirectifé HRGK thésreticapnal yzed WO
2006/ 096530 PCT/ US2006/ 007652, -5, Thus, enbodi nents of the present invention

can ext énd referencge taich de Aol Gontpin agy lqswenb%ﬁe@ﬁp? 89 NYRF- BRI RRAGHReNTs SATY

i ncrease t g, RURE! i?h&'%llﬁ‘ﬁlﬁteaﬁﬁlﬂéeﬂ%r QfibrktidR 1GRRE nleitéaDthaPR@nYfintent- eSpeci al 'y
for gas anal y5|s of ultra- h| purity gases and in particular for infrared

spect r onet BREC ICEM&FWH?S§a%f ‘?Sﬁémﬁ‘rt'éfé ?f{s‘gnﬁbémli’%ﬁt%ﬂ“aéﬂ?ﬁ“%m litate nore

effective use mamgrs@ﬁelseﬁéluaﬁuﬁc%m{a@me@anbemwmd;sanrwrar fé@ﬂfe%ﬁt@- any
instrunent effects, and no noi se. Such enbodinents can also reduce, if not

el i m nat e, referancedmethpd empadiments of thnanogization Smctign 388 s cerFpspongding Warglermg nent -
speci fig V‘Qfe%'&o%@@cﬁ&%%ﬂﬁé{ Methoﬁ@ﬁdﬁﬂd@ﬁ{!ﬁsftfoﬁl B fafliciag) r&ﬁ%a?edasb@ctrbﬁg&y in the

final spectrum | e the 1 ssues of fication are described béelow in

parti cul ar beesfitsiiiem thismsthod of apodizatian rf»ﬁ@fd’fmﬁlf theppiodpissneed bagkeravad Byerdiozat i on
function ang 'én&ao&%ﬁt@%?ﬂi@%da@kamvﬁﬁc%ﬁ%d ci!nQesfl&ﬁhn%'vﬁ&eﬁR{?'fpfo%@'a%o&dO nor mal

nmet hods of data acquisition. particular, infrared spectronetry benefits
fromthis tedeebemreniheanget pf)rrmgprtggad epselutioniand alpeehelpstte rameve the irstdmes c k gr ound

i's used or fud%f?%r to ﬁHRQ\‘}U dIeRtcal RbndidGidaP 9 ?n%%] ho@ 1% alldd llc%le et Ak €spondi ng

wavef or m provi g tradeoff between the anoun ringing and
r esol ut¥Son osaildption metheds) sush anucleayagnetisaesorance AMMRY, and mﬁwladn sl sfatedtlove

chemi cal qyat i @haesuc olibs@hqyfémr Trﬁnsfdrag)toqaede't&acmeedo%e noilg?ﬁfs tdime 15

oscillation net as nucl ear magneti c resonance
particul ar vaq@ow dpmainzsignals Tequitiv atttadg of signal ite voisgeatiede sesalytden. %nmémwmer

Tr ansf or 15 of e blihon it ibh R AR Rsifd el L4h aliEQHEARY, dAgRI 0 si gnal s

reqU|r|ngatra to noise rati1o to resolution odi nent s of
t he apodi zapdcspscopivschat ealy emiiat baselinss foyqudntifcatianshdrantieanorradl sestod ofit i | i zed i n

ot her 20  analysis applied to FT infrared spectrometry.

According to one embodiment, a method and apparatus of signal processing for use in

spectrometry using an improved apodization function is disclosed that involves (i) obtaining a
sample time domain waveform of a sample signal and a reference time domain waveform of a
reference signal; (ii) providing a sample apodization waveform for application to the sample time

25  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

30  each having a decaying weight profile; (iii) 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
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spectroscopies that rely on flat baselines for quantification, such as the
normal nmethod of 20 analysis applied to FT infrared spectronetry. Accordi ng
to one enbodi nent, a nethod and apparatus of signal processing for use in
spectronmetry using an i nproved apodi zation function is dj at
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waveforms known to those skilled in the art may also be utilized.
20 According to particular embodiments, the method and apparatus can (i) provide the
second segment of the sample apodization waveform with a weight profile having a first rate of
decay when applied to the sample time domain waveform; and (ii) can provide the second
segment of the reference apodization waveform with the weight profile having a second rate of
decay when applied to the reference time domain waveform, the first rate of decay being
25  different than the second rate of decay.
According to particular embodiments, the method and apparatus can (i) provide the
second segment of the sample apodization waveform with a first weight profile when applied to
the sample time domain waveform; and (i) provide the second segment of the reference
apodization waveform with a second weight profile when applied to the reference time domain
30 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



15 first segnent of the reference apodization waveform and vice versa.
According to particul ar enbodi nents, the nethod and apparatus can provide
the second segnent of the apodization wavefornms in the formof a cosine,
Barlett, Blackman, Connes, Gaussian, Lorentzian, Hamm pgrevobeisBeer .,

Har mi ng, orVRNO¢/RI@y ef orm Ot her apodizati on waveforms known to those
skilled in the art may also be utilized. 20 According to particul ar
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response silgmstbrnoSpeomemary dewicecandhe fowrik Sransfomt naree {EIIB hspecirompett r al

anal ysié V\?%‘g orm can represent an optical absorbance or WO 2006/ 096530
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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

20  the sample and reference apodization waveforms each having a decaying weight profile; (iv)
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

25 waveforms; (v) transforming the apodized sample and reference time domain waveforms into
corresponding sample and reference frequency domain spectral waveforms; and (vi) 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

30  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



Accordi ng to another enbodi nent, a nethod and apparatus of signal processing
for use in auto-referenced spectronetry using an inproved apodi zati on
function is disclosed that involves (i) obtaining a sanple tinme donain
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20 FIG. 3A is a diagram illustrating an apodization waveform that corresponds to an
apodization function according to one embodiment;
FIG. 3B is a diagram illustrating an apodization waveform that corresponds to an
apodization function for use with double sided interferograms according to one embodiment;
FIG. 4 is a flow chart illustrating a method of signal analysis for use in auto-referenced
25 spectrometry according to one embodiment;
FIG. 5 is a diagram of a system including an analyzer for optical gas absorbance analysis
according to one embodiment;
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
30  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;
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15  weight profile. According to one embodiment, the apodization function can be a summation of

two or more constituent apodization functions in series, capable of producing an apodization
waveform where each segment of the waveform has a weight profile of one of the constituent
apodization functions. The two or more constituent apodization functions can be selected
depending on the particular application.

20 For example, FIG. 3A is a diagram illustrating an apodization waveform that corresponds
to an apodization function according to one embodiment. In this embodiment, the apodization
function is a series summation of a unit multiplier and a cosine function that generates the
apodization waveform 20. The apodization waveform 20 includes a uniform segment 22 having
constant magnitude (e.g., magnitude=1) and a non-linear decaying segment 24. The uniform

25  segment 22, which is applied over a region of low interferogram point numbers 26, enables
oscillation of the interferogram signals for an extended period without dampening. Thus, upon
transformation of the apodized interferogram 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

30  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
enable substantially the same weight profile to be applied to regions of the original sample and

20  deresolved interferograms that generate the low and medium frequency signals of the original
and deresolved absorbance spectra. Thus, these unwanted signals can be effectively removed
from the resulting auto referenced spectra, making quantification of the high frequency signals
easier.

In other words, removal of the low and medium frequency signals from the auto

25  referenced spectra occurs by (i) applying substantially the same weight from the apodization
function to regions of the original and deresolved interferograms which contain these signals to
be removed (i.¢, early interferogram points typically contain instrument function signals), and
(i) applying different weights to regions of the interferogram that contain the high-frequency
signals typically represent the analytically-relevant signals.

30 FIG. 4 is a flow chart illustrating a method of signal analysis for use in auto-referenced
spectrometry using the apodization waveform according to one embodiment. At step 40, an
original interferogram and that same interferogram deresolved according to a predetermined

amount are obtained. The original interferogram is a raw measured signal in the form of a



apodi zation function for use with double sided interferograns according to
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20  interferograms, such that substantially the same welght is applied by the first segment of the

apodization waveforms to corresponding coextensive regions of the sample and deresolved
interferograms. Different weights are applied to a second region of the waveforms, resulting in
the original and deresolved apodized waveforms.
Preferably, the apodization waveforms apply substantially the same weight to regions of
25  the original and deresolved interferograms that contain the low and medium frequency signals
(i.e. the earlier interferogram points). Typically, these regions include low point numbers of the
interferograms. Thus, both low and medium frequency signals are significantly reduced in the
auto-referenced spectrum with only the high frequency sample-relevant signals remaining.
The length of the first segment can be “tuned” to optimize the elimination of unwanted
30  signals, while still keeping the highest possible resolution. For example, the length of the first
segment may be dependent 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



anount are obtained. The original interferogramis a raw nmeasured signal in
the formof a WD 20061096530 PCT/ US2006/ 007652 -11 sanpled tine domain
waveformthat is obtained froma Fourier TransformiInfrared (FTIR)
spectronet gf 250‘3[096%3&?”1)' e. The original interferogram cagralsseeieseener at ed
t hrough calculfation of an interferogramfor a theoretical sanple. The
deresol ved interferogram which serves as a reference, includes a copied or
truncated region of the original interf'yrogram keeping only a 5 smal |

percentage of the first interferogram points that correspond to the
pr edet er ni HEEFSPAdRBHsTRENs\PA pereent &t the trineptedsigietferogram; lenehy 6?&93@19&/0%11? o 16

ti m?fs the @ktbﬂlolnaér%sbmﬁ&{ #ebhifa t&ﬂ:&ﬂélea the tﬁéselfﬁfe%ﬂd ther @t@ﬁn@ﬂlaalmf 17 46 ke
waveformis, applie e.original interferog reference

apodi zat i orfigi#y Erolepath %‘Itg st ssamens isRiricraRly E@b?‘(}‘g@} i%m @Fﬁf’é‘%‘é’g dtrupatedr di ng
to one enhgelkddm. each of the apodization waveforns includes a first
segnent and a second segnent. 10 The first seglg}agt of the sanpl e apodi zati on

wavef orm i s subdtcsrtingdp PV“E‘B@)@‘@H‘%‘W@S’FW wedghyPIRIig pf therfingt segmsatofiis al 1y t he

same wei ghtagpifiAfibd Ravdforthifeeli nbtHe a2kt hagaftudeh Rather, tHe et Gegaeactifzat i on
wavef orm Flgmever there can be instances when jt is beneficial to provide

the first gBstisHen @n haverfeapydtedpaniteleapderrPan poRIElbrm with a | ength t hat
is shorter thanstfig ﬁaﬂﬂpbﬁ AR Qs @ésbl%ﬁap‘b@!c%fv%gﬂorrﬁ{@et{-hrféﬁmﬁ&fﬁ;@nth@5 The
second segnent of each % he apodi zati on waveforns has a decayi ng wei ght
profile.  mmerdemaip|igfo af’ﬁ@%‘é’c@ﬁ& ng g B sample nepiFl avaxgdorn snditheon wavef or m
has a rgte d@rfesdﬁx%g %/ecﬁ'ﬁ]@\;avéiﬁnn At kRIS, whth %aﬁﬁ?@prfa?etrﬁm%fer Gﬁ%m@%@% of the
second segnent of the reference apodi zation wavef orm he sanpl e and
reference arpi@féqrqgam 18- awviees paRerf &) st Hoser{lgansfoam K@%T@é@ft paapphiay to both
interfer Ogrtl?crﬂﬁgmﬁ%ﬁ dEx@@iveﬁ HP&iﬁz%@Wa@éfér}ﬁs i de WEHtAE sdple dn% deRRIVeAdinpY the
first segnent he apodi zation waveforns to correspondi ng coextensive
regi ons of beavespseiimse AatinEldesemspeoiru is 3 speeiraf datestpr aignal aﬂl funettcnief frogieatit s are
appl i ed {0 iieRRCANhERabAN 1Ol mbSHRUELeBRaind PR BOTRR ol 1Ba0G) rgal and
der esol ved apo wave orms Pre ra Yy, e apodi zati on waveforns apply
subst antdi alt¢9rlfﬁﬂl§%drre wei ght to regions of 25 the original and deresol ved
interferograns o) f e. the
earlier int erfe}‘rxgsgé 5%1 %%aﬁ.‘nﬁrg?e?&%%ﬂ/g%@?wﬁ?hggﬁé S{Fggglllégﬂg%i l?lg%{%%lwalbgw poi nt
nunbers of celndatingatratiofcd thgrmpls spevtal svavdfonhio theweresl vadesdbatrd Wavefprenby si gnal s
are signifi gg@%l&ythéﬁeb‘fez elc@d Eﬂgrbar%gF&c&t%ﬁ gl?l%lgtgd SPRALNhE e UnbR vo) Y the

hi gh frequ evant S remai
spectrum obtamed at the original resolutlon by the same spectrum deresolved to a lower

20 resolution used as the background spectrum, and taking the logarithm of the inverse ratio.

The resulting auto-referenced absorbance spectrum contains virtually all of the high-
frequency signals (since those are present in the original spectrum but completely eliminated in
the deresolved, background spectrum) and substantially no low or medium frequency signals
(since those were present in both spectra, they are effectively eliminated). As a consequence,

25  instrument functions, which are typically low and medium frequency signals, can be effectively
eliminated while high resolution chemical signals are kept. The random noise signals are also
suppressed since the apodization function used suppresses the signals at the very latter part of the
interferogram. This approach allows the measurement of very small absorbance peaks, and as a
consequence very low gas concentration in one particular embodiment.

30 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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the de51red limit. A centerburst (i.e., position of largest signal) 110 is located at approximately

20  point number 1000 in this example and corresponds to the start of the time decay interferogram
representing the maximum signal of all of the convoluted signal including the instrument
functions. The low frequency signals decay the fastest with the medium and high frequency
signals extending further on either side of the centerburst. While this example is in particular for
an interferogram belonging to the infrared spectrometer the overall information applies to other

25  time varying experiments which do not contain double sided interferograms such as those
described in the FTIR example. The general analysis of an interferogram from a spectrometer
that collects slightly more than a single sided interferogram is described in detail in Griffiths et
al.

The deresolved interferogram 120, which serves as a reference or background time

30  domain waveform, is obtained by truncating the original interferogram to obtain a lower

resolution spectrum. For example, if the original interferogram had n single side points (i.e.,

points to the right hand side of the centerburst 110), the deresolved interferogram includes the



25 instrunment functions, which are typically | ow and nedi um frequency
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when these apodized waveforms are transformed into the frequency domain, the resulting
absorbance spectra corresponding to the original interferogram capturing the high frequency
signals, but the deresolved and transformed spectrum does not. Thus, the auto referenced
spectrum includes data corresponding to the high frequency signals without interference from the
25  low and medium frequency signals.
In addition to the apodization function, other filters or weighting functions, such as a
Mertz function, can be additionally applied to interferograms. It is assumed that the net effect of
all apodization and other filters and functions is considered and that those skilled in the art
realize that an application of a filter preceding or following an apodization function is within the
30  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
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waveform 12n%t?um£1%mctlon of the spectrometer. Both the original and deresolved spectra also include

medium frequency signals 146 that are either chemical signals or artifact instrument signals

20  attributed to thin film interferences. In contrast, the original single beam spectrum 140
additionally includes high frequency signals 148 or the narrow peaks that correspond to the
chemical signals.

FIG. 6E is a diagram providing a detailed view of overlapping portions of the original

and deresolved single beam spectra according to one embodiment. This figure illustrates that the

25  low and medium frequency signals 144, 146 of the deresolved single beam spectra 142 are
similar to the low and medium frequency signals 144, 146 of the original absorbance spectra
140. Thus, taking a ratio of the two single beam spectra results 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.

30 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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truncated interfero
segment) can be adjusted automatically depending on a combination of one or more of the

20 following criteria: (i) identification of the target chemical impurities being analyzed, (ii) the
instrument function and frequencies associated with the spectrometer in use; and
(iii) identification of frequencies unrelated to the optical response signals of the target chemical
impurities. For example, the length of the first segment of the apodization waveform can be
generated to extend over a region of the sample and reference interferograms that include signals

25  corresponding to the frequencies associated with instrument function and the unrelated
frequencies. Such automated adjusted can be performed through the use of a lookup table or
other I/0 function, for example.

According to particular embodiments, the length of the uniform segment can also be

manually configured through a user interface (not shown) to the analyzer 82 or a software

30  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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lost. Further embodiments replace the FTIR with that of other time varying apparatuses such as

20  butnot limited to nuclear magnetic resonance, FT-near infrared spectrometry and FT-Raman
spectrometry.

The above-described techniques can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in combinations of them, The implementation can
also be in another form that is not electronic in nature but performs the same outcome of

25  filtering. The implementation can be as a computer program product, i.e., a computer program
tangibly embodied in an information carrier, e.g., in a machine-readable storage device or in a
propagated signal, for execution by, or to control the operation of, data processing apparatus,
e.g., a programmable processor, a computer, or multiple computers.

A computer program can be written in any form of programming language, including

30  compiled or interpreted languages, and it can be deployed in any form, including as a stand-alone
program or 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



narrow chem cal peak 167. Thus, since all the instrument artifact signals
are nore effectively reduced with the inproved apodi zation with a m ni mal
reduction in chem cal signal, the analysis of the sanple can yield | ower
detection tter precision and accuracy, and ca si ng

t heoreti cal‘{'(g]ﬁoog/g%%ﬁee references, wthout the need for glcﬁ@tsgﬁgrzgor?gﬂspem fic
calibrations or 15 nethod transforrratl ons. In order to optim ze the
detection limits, precision and accuracl8: the length of the first segnent
of the sanple, ref erence or both apodi zati on waveforns can be adjusted.
Accor di ng tnaltlphmmmmraﬁt asarisieeoiT distribyted pavess makiiplarsites andigterconneeteddement (e. g.
uni form sg % &.ﬂﬂ}: g adj usted automatically depending on a conbination
of one or m)re 0 20 following criteria: (i) identification of the
target chem calMéthqsistaps pa@sbemeqfngcégmrypemore(pwg)ramxn@blc preegssannexagutingimct i on and
frequenci e t

i degtl fi cat§|n€ﬁ'&9@10?&§ga %ﬁs%ﬁ?@eog%%wﬁt% &%8 gcﬁ@?pgg%%t%%ng signal s of
the tar§et gohetigaitputi Mpthed stmasan Herbegredorpled by,tahféanpemgls Rarpfe implemprteds t

segnent of r r a

regi on of fl%ﬁ%% EP% ggegln%%lr ég%ﬁl?é]e}}pﬁldolggg%ﬁ%ﬁgg&l %ﬁglzgrnﬂsf%gal s 25

correspond(apghoatnontshe:lﬁcrletqg@wdmwltasMg@lmcsdrcﬁw torportiess pltheeamifutenpiogem and t he

o el ot e, ok SIS S5 pRE PR R RGO RE per or ed Lhrough the

particul ar enbcRﬂoqmntssultatblaefoﬂ tbmgtehutmﬁ of hempnief programdgphalde: bycway dlesmplee

nanuall C Ser er 82

or a so tV\Ig.O:Hé ?and SE&CI&LII Iy ?Sg::]i!n O]pprP?_l S%;"Shﬁ}% é}gnc or?%ﬁ%cets%rgglﬁn)ﬁlg@&y

‘SI' Eem fi |h es tlig&zlallcemg?tét Gfenetrdtily ipnos&sscs&gihmcﬂveaﬁstrubtﬁws axp?thtazialgn areatvamef or rr;st
rough manual conf.i S e I jous settings

t o gener at &%a ryé’f)%aanza |%°ﬁ S\/\ﬂ/éei/n%aq{gor% ?’h@gcsrs%nélgleé%mn% eOfstEr)o gtcergf chem cal

peak WO 206@b@%ﬁ3@xé€ﬁffdglﬁ@ﬂ@ﬁdrﬁ@ﬂcﬁﬁﬁ or mdrE menfoq,r deatcesofor storirighiastiuetions 4ridng

referenced etra vvlt interference mfr enmes artifacts

nt ol at e £0r gy nePepuft i B 2 F G AT RN B o om B

di agr ansi | krarsfer ddta togorfhothe oeexa mairemass batage dvicector stonivg dager y.g.nmagrietc, | engt h of

the first se nt .of .a vef orm af f.ec erenced spectra.
5\ t hese egRaRuEH 1R RPETeF RS RN R iy oo s S PFRE PR 2 e
havi ng a commtlmgxmvtoude and a second segnent in the formof a decaying
\(/:\/g\s/legp gr \An/gvlefSO: gfo ﬁ]@{? Rar frstswgagr c?rnc%gcg':ﬂt%m?ﬁ ﬁgutgrfpcrggrgm mspructloﬁogdzdatt I on

include all forms of non-volatile memory, including by way of example semiconductor memory

20  devices, e.g.,, EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in special purpose logic
circuitry,

The terms "module" and "function," as used herein, mean, but are not limited to, a

25  software or hardware component which performs certain tasks. A module may advantageously
be configured to reside on addressable storage medium and configured to execute on one or more
processors. A module may be fully or partially implemented with a general purpose integrated
circuit (IC), FPGA, or ASIC. Thus, a module may include, by way of example, components,
such as software components, object-oriented software components, class components and task

30 components, processes, functions, attributes, 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



particul ar, the apodi zati on waveformwi th the first segnent having the
shortest length <corresponds to the resulting referenced spectra 210 in

whi ch the chem cal signal peak 212 is the 10 strongest but with nore

i nterferenggy ,60¢ephsel y, the apodization maveforn1mjthPéﬂ@Sﬁb@§ﬁﬁnsegnent
having the greatest |ength corresponds to the resulting referenced spectra
250 in which the chem cal signal peak 252 is weaker but wth |ess
interference. The apodi zati on waveformi9with the first segment having a

| engt h between the two previous exanples provides a nore optinmal referenced
spectra 24@wereompprehistahdmedidesior firther sgpredtediatgledditional eonsponentpnd mdelese anount

15 of interference is effectively elimnated. According to another

enbodi ment, the systemof FIG 5 can include an anal yzer that generates

aut o r ef er enceWidledhis inaerftion hagdeercpdrticalady shoaneed deseribed ingthfreferendes tpui d, sol i d,
gas and ot 'g;ﬁ[ i I j I fhe inpact on
the |ow aﬁgferrrrée I U%H?’%E‘%E@ﬁ%gq@% Eﬁdelksgéogg}’ ﬂlg%gggﬁggmg r?@gttnvsa fl{nlﬁvi ty to the
sanpl e § undiengssin fomn arsitdetajlpmpy benadeltereirewithmii daparting from|tiecssopelvd e TI R wi t h

t hat of ot Ny i such as 20 but not limted to nuclear
magneti c r@g%lﬁéﬁn%%?Mgf%@gggrt I ﬂ?é;ngé&jecgﬁ%fiect rometry and FT- Raman

spectronetry. The above-described techni ques can be inplenented in digital
el ectronic circuitry, or in conmputer hardware, firmvare, software, or in
conbi nati ons of them The inplenentation can also be in another formthat
is not electronic in nature but perforns the same outcone of 25 filtering.
The i npl enentation can be as a conputer program product, i.e., a conputer
program tangibly enbodied in an information carrier, e.g., in a

machi ne-readabl e storage device or in a propagated signal, for execution
by, or to control the operation of, data processing apparatus, e.g., a
programmabl e processor, a conputer, or multiple conputers. A conputer
program can be witten in any form of progranm ng | anguage, including 30
conpiled or interpreted | anguages, and it can be deployed in any form
including as a stand-al one programor as a nodul e, conponent, subroutine,
or other unit suitable for use in a conputing environnment. A conputer
program can be depl oyed to be executed on one conputer or on WO 2006/ 096530
PCT/ US2006/ 007652 -18 nultiple conputers at one site or distributed across
multiple sites and interconnected by a conmunication network. Method steps
can be perfornmed by one or nore progranmabl e processors executing a
conput er programto performfunctions of the invention by operating on input
data and



5 generating output. Method steps can al so be perforned by, and apparatus
can be inplenented as, special purpose logic circuitry, e.g., an FPGA
(field programmabl e gate array) or an ASIC (application specific integrated
circuit). Mdules can refer to portions of the conputer program and/or the
processor/special circuitry that inplenents that functionality. Processors
suitable for the execution of a conputer programinclude, by way of exanple,
10 both general and special purpose m chgprocessors, and any one or nore
processors of any kind of digital conputer. Generally, a processor wll
receive instructions and data froma read-only nenory or a random access
menory or botQHJﬁPE;essential el enents of a conputer are a processor for
executing instructions and one or nore nenory devices for storing

i nstructions avict idddimedGeneral |y, a conputer will also include, or be
operatively coupled to receive data fromor 15 transfer data to, or both,
one or nore nmass storage devices for storing data, e.g., magnetic,

magnet 0- opti cgl di ksieth8d o PREAE BloctlistisTor (R RsFeL ARG bAPrigiAg | NStructi ons
can al so occur over a conmunications network. Infornmation carriers suitable
for enmbodyi ng conput er pbtagingn sample tive domaginayaieidan af aisappladignallandfaor ns  of
non-vol ati | e nmenor i ncl.udi ng by way. of exanpl e sem gconductor nenory 20
devices, e.g., EP f[eﬁﬁﬁﬁﬁﬁfggﬂé“PW%?H“R@%S?@E@E:f%@g; magneti c di sks,
e.g., internal hard di skbtading £5mpadapadFhediSwaveighelodasilichta todhsdesipland

CD- ROM and DVD- ROM di sks. , The processor and the nmenory can be suppl enent ed
by, or incor por at edimerlogarvayeiornr sndrefesyice apedizagion wayefonm dorragphigationdpyul e
and “function, " asylsefl Jﬁ%ﬁﬁfm@’ RBA wak aEaF‘ch%‘PEhe'dpghifz&ga LWaveborme SOf tware
or hardware conponent whi perPorns certarn tasks. Fodul ‘e may

advant ageously bececapfisigga &bt tegnieas ardien @noralkdpmsstaditeadsigdrangen ereldifulme and

configured to execyte on one oL nore rocessors. dul e be fully or
partial |y i mpl ement &4 S%ne%Léb@éﬁ&?@gmeﬁﬁﬁﬁ%@%ﬁ%ﬁafggedwea? P (1 0), " FPGA
or ASIC. Thus, a ”%Uéf%_rd?@%ihg‘glb%ﬁtdalQko%k!ns‘?&fe iBXGTR Srd QRIPPOAE Ragnituych as
sof tware conponents, object-oriented Software conponents, class conponents

and task 30 conponespresenipreocebstestjallysame corseant mort-rarpoveeght profids debueed
subrouti nes, segnents of program code drivers, . fir re i Crocaode
ciroutry. daa adrarabebh S 88 Frambabeiduions EBrg: e IRERRIRE  api s
The functionality pfagyiudRd rdp@dschthatdiRnciaRBONRRYiAg dBILhIPEEIes may be conbi ned
into WD 2006/ 096530 PCT/ US2006/ 007652 -19 fewer conponents and nodul es or

further separated into aprdyingdivaemplsrandrefatescetngdizatien waveforms to the sample
and reference time domain waveforms, such that the substantially same constant

non-zero weight profile is applied 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 a referenced spectral analysis waveform as a ratio of the
sample spectral waveform to the reference spectral waveform, the spectral
analysis waveform substantially excluding frequencies associated with the
corresponding coextensive regions of the apodized sample and reference time

domain waveforms.

2. The method of claim 1 further comprising:



VWhile this invention has been particularly shown and described with
references to preferred enbodi nents thereof, it will be understood by those
skilled in the art that various 5 changes in formand details may be nade
therein without departing fromthe scope of the invention enconpassed by

t he appended clains. 20 CLAIMS What is clainmed: 1 A nethod of signal
processing for use in spectronetry, conprising: obtaining a sanple tine
domai n waveform of a sanple signal and @1 reference tinme domai n wavef or m of
a reference signal; obtainip anpl e apodi zati on waveform for application
to the sanple tine donBiH diE B Jrstreate o 1BF SIBRIE APAUPHIOD A STRAURHr m f or

application to the LRl REEDGR et tHan GRTBAI YENE TR Renfae bf @k rdBRn@podi zat i on
waveforms conprising a first segnent and a second segnent extending from an

end of the first spghmhon wakefofmr st segnent of the sanple and reference
apodi zation waveforns being substantially coextensive in | ength and
conprising magnitudes representing a substantially same constant non-zero

wei ght profil e, theahsareid ofSRETRTrtRT cbipriiagpl € and reference apodi zation
wavef orns each conprising _magnitudes representing a non-linear decaying

wei ght profile; applyi ngroviinghigseeond smencat et b sanplp aendization wayefioer tithe t o

the sanple and re ] N t u antially

same constant  non Lay g s PlRe SRERBLAKShE L THE NohdRLu b i B

substanti al | y coext ensi p@vidiegihenscoal sé¢dne:ns afifht ecfanncer apb dizetimewiveftemdoinai n
rence. tine domain

waveforms, resulting in,  apqdiz sanpl e and ref

wavef or ms; transf ofifsegd t“ﬁégq‘éBB’gﬁ%@Ee%@PﬁP&oéhﬂr WPRESHRRIUTHE VASTHAI T the
waveforms into COLLGRPQR hf Profi iﬁ;@ﬁ@mhﬁ%ﬁ{ﬁB9ﬁﬁﬂﬁﬁgﬂ%HﬁMed0”a'n spectra
waveforms; and generating a referenced spectral analysis waveformas a

ratio of the sanple spectral waveformto the reference spectral waveform
excluding frequencies

the spectral ,analysis vef.orm tantial.l.

associ ated with th eBE$%@§68%HFﬁggé%%QPQHE?g% regi ons of the apodized

sanpl e and reference ti BRyviding the first segment of the reference apodization waveform with a
length that is shorter than the length of the first segment of the sample apodization

waveform.

5. The method of claim 4 further comprising:
providing the second segment of the sample apodization waveform with a
tirst 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.

6. The method of claim | wherein the second segment of the apodization waveforms
comprises a cosine, Barlett , Blackman, Connes, Gaussian, Lorentzian, Hamming,

Norton-Beer, Hanning, or Welch waveform.

7. The method of claim 1 further comprising:
providing the second segment of the sample apodization waveform with a
weight profile having a first rate of decay when applied to the sample time

domain waveform; and



domai n waveforms. 2. The nethod of claim| further conprising: 21 providing
the first segnment of the sanple apodi zation waveformwith a length that is
shorter than the length of the first segnment of the reference apodization
waveform 3. The nmethod of claim2 further conprising: providing the second
segnent of the sanple apodization waveformwith a first weight profile when
applied to the sanple tinme domain waveform and providing the second
segnent of the reference apodization maxﬁforn1mﬁth a second wei ght profile
when applied to the reference tine domath waveform the second weight
profile being differentprovidmgttheseconddegimentgiitheetetdrce apasdizatioe waetfoon with
claiml further conprising: providing the first segnent of the reference
apodi zati on wavef A A Raygere R e of desaye¥henanliadie hegfirmess t he

first segment of tfig. IGHRhSALRENZAL PR radBY &Ry Uéi?édifﬂépé?n Bh iRe0indGhRl m 4

further conprising: providing the second segnent of the sanple apodi zation
waveformwith a fofrdstayei ght profile when applied to the sanple tinme domain
wavef orm and providing the second segnent of the reference apodization
waveformwi th a second wei ght profile when applied to the reference tine

domai n wavef ogm thig me@e@Btciwei ORirtheF &mprRideei ng different than the first
wei ght profile. 6. The nethod of claim| wherein the second segnent of the
apodi zati on waveforns RIovigiigdessegondssment abald semple apRigetioranavetyanwih a

Gaussi an, Lorent Z! ﬁ@‘ WF@r .rgﬁl’e eraF@IE‘c;c]ﬁSﬂ%’saH% nrgg?%rﬂgln%bg rr}‘l\ﬁa\ﬁ%f orm 7.

The met hod of claim er comnpr rovrdi e second segment of
the sanpl e apodi zati on pravidfngrthie swcohd @gmert (dlifie fefeddrick @pddixdtiog wavéfors twithat e
of decay when applied to the sanple tine, domain waveform and 22 _ praviding
the second segment? #conhweighy @Pgﬁc‘@%ﬁﬁaﬁ'eﬁ&) therrelfasnst Grmdgma waveform, the

second weight profile being different than the first weight profile.

9. 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 referenced spectral analysis waveform represents an

optical absorbance or reflectance spectrum of the one or more chemicals.

10.  The method of claim 9 wherein the application of the substantially same weight to
the corresponding coextensive regions of the sample and reference time domain
waveforms results in substantial exclusion of frequencies from the spectral
analysis waveform that are substantially unrelated to the optical response signal of

the one or more chemicals.

11. The method of claim 9 wherein the one or more chemicals is a solid, liquid, a gas,

or an intermediate stage therebetween.

12. The method of claim 1 further comprising;:
utilizing a Fourier Transform Spectrometry device to obtain the sample

time domain waveform.



the weight profile having a second rate of decay when applied to the
reference tinme donmain waveform the first rate of decay being different
than the second rate of decay. 8. The nethod of claim1 further conpri sing:
provi di ng the second segnment of the sanple apodi zati on waveformwith a
first weight profile when applied to the sanple tine domain waveform and
provi di ng the second segnent of the reference apodi zati on waveformw th a
second wei ght profile when applied to the reference tine domai n waveform
the second weight profile being different_than_ the first mei?ht profile. 9.
The method of 11 ai Thameifes ef (a2 wherpindhe Fopsie Srpasfarmapestiymaisgvicns 2

reference time doWﬁh@ﬁM?ﬁﬁ&%F I&ﬁﬁ&?%%ﬂ&oﬁ@&?ﬁﬁﬁﬁ?Pmﬂ&§ponse signal of one

or nmore chem cals an e referenced spectral analysis waveformrepresents
an optical absorbance or reflectance spectrum of the one or nore chem cals.

10. The method of ¢laim9 r.ei he. applicati.on of the substantially sane
wei ght to thg*cofﬁEEB%hﬂ?&@ﬁﬁabﬂﬁéﬁ?WJEgﬁgﬁﬁ%ﬂgmﬂﬁnqh@r%%ﬁﬁf%“ﬁﬁﬂaﬁbference
time domain wavefgefikal 88diht ndtkbdSuRRraBibatesexcl usi on of frequencies from
the spectral analysis waveformthat are substantially unrelated to the

optical response signalgenératinhihesefercoee tirne doropignyayefosm by ropsihe thesampls of
claim9 wherein tqﬁ ogqnqr\aggon%henicals is asolid, liquid, a gas, or an
i nternedi ate stage'P%e?e%Etmeen. 12. The nethod of claiml further
conprising: utilizing a Fourier Transform Spectronetry device to obtain the
sanple tinme domain waveform 23 13. The nmethod of claim 12 wherein the
Fourier Transtor m Bierethehat ¢lgimybyhersin the sammle pigeal and HisdeiSrancs senal red

Spectronetry (FTlRB&QRMf9&1&%4TaH&FﬁHR%QBQpH§s?lai”" wherein the sanple
[

signal and the referencé signal are entrcal, and the nethod further
conprises: generating tdeacmehgetheneferehcantime doraain wexefoforbmthyca ogya ragjon he
sanple tinme domain waveform 15, The .nethod of claim| wherein the sanple

n
signal and the ref@Bf &Hele limgdomaly waveform.

16.  The method of claim 1 wherein the sample time domain waveform is obtained

through experimental measurements or theoretical calculations.

17.  The method of claim 1 wherein the length of the first segment of the sample
apodization waveform and the length of the first segment of the reference

apodization waveform can be adjusted.

18. 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,;

obtaining 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 extending from an end of the
first segment, the first segment of the sample and reference apodization

waveforms being substantially coextensive in length and comprising magnitudes



identical, and the nmethod further conprises: generating the reference tine
domai n waveform by truncating a region of the sanple tine domain waveform
16. The method of claim| wherein the sanple tinme domain waveformis

obtai ned through experinental measurenents or theoretical calculations. 17.
The nethod of claim|l wherein the length of the first segnent of the sanple
apodi zati on waveform and the length of the first segnent of the reference
apodi zati on waveform can be adjusted. 184 A nethod of signal processing for

use in auto referenced signal spectronetry, conprising; obtainin sanpl e
time domain wavef orreﬂ’ieéefm‘&gééﬁtﬁﬁt t‘§h§??£‘?¢, Conﬂé?fé\oﬁtﬁeWg‘_’vean?teqrﬁﬁ@r‘i‘&eese?‘i"'fa@e donai n
waveform from the Gamphe fithd®mplOsTRI BfeVRYE LRI ati DA dTbiMt @Ac 80MRbiisin

apodi zati on waveform for application to the sanple tine domain wavetform and

a reference apodi zasgrowdesrgpfesaning e moeghipedr dacdyog woghtipnefileef er ence time
domai n waveform each of fhe odi zat i on wavef or . rsi fir
segnent and a second se@ﬁ}éﬁ?g@g en Fﬁré ?eg%%lcgﬁp%ﬂ%atgﬁqﬁ%g Orrfl?g)stﬁegae%pﬁ%nt,
the first segnment &id rkfeens@tive@omath wak&r@RcRcaMatihz 3t bstintialvav@icdofsakiei Ng
substantially coextensive in I ength and conprising magni tudes 24
representing a subXna#ere wEight Rrafe is appiicd i coitsapoding sHBstatiallycosstensivehe

second _ segment of s SARP LS A0t RERLARSHARAMIZ AL A6l AT, each

conprising nagnitudes representing a non-linear decayl ng wel g rofile;
appl yi ng t he sanpl podizdd seifijge emtefagaditinatdoanimaeeffanss to the sanple and
reference tinme domai n wavef or ns sucg_that thewgyegstanti al sane const ant

non-zero wei ght profi | érANSIOEBRIE tBGaRGIZe0 54dp 8 e Ldfimain pgveforms

coextensive regi Opj QrrebfndRR BBl réBleREERER ehdy RnHHTBH B NRVRE RIS,
resulting in apodized sanple and reference tine donmai n wavef or ns;

transformng the apwdi zed sanple and reference time domain waveforms into

corresponding sanpl e and tolel €N, [RGB RRESFRh MAVE SstRe  and

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.

19.  The method of claim 18 further comprises generating the reference time domain
waveform from the sample time domain waveform by truncating a region of the

sample time domain waveform.

20. A method of signal processing for use in spectrometry comprising:

obtaining a sample time domain waveform of a sample signal;

obtaining an apodization waveform for application to the sample time
domain waveform, the apodization waveform comprising a first segment and a
second segment extending from an end of the first segment, the first segment
comprising magnitudes representing a substantially constant non-zero weight
profile and the second segment comprising magnitudes representing a
substantially non-linear decaying weight profile;

applying the apodization waveform to the sample time domain waveform,

resulting in an apodized time domain waveform;



generating an auto referenced spectral analysis waveformas a ratio of the
sanpl e spectral waveformto the reference spectral waveform the auto
referenced spectral analysis waveform substantially excluding frequencies
generated from the first region of the apodized sanple tine domain
waveform 19. The nethod of claim 18 further conprises generating the
reference tine domain waveformfromthe sanple tinme domai n waveform by
truncating a region of the sanple timgomin waveform 20. A nethod of
signal processing for use |n spectronetry conprising; obtaining a sanple
time domai n wavef or m oftraaSOHR{IBANSIRgHIZFd Sawgﬁmﬁidﬁ@awnwa\ﬁgamzlawon wavef or m

for application todR&RaRIRqhid IRTR PeUBY Ra0OLBim a8 apodi zati on waveform
conprising a first segment ang a ~second segment extending froman end of

the first segnent. the denerstingseepremil anglysip wavéfogn seyrantizidestchudprgesent i ng a
substantially constant non- erq\mei%ht t@rq&il% and.thed§ecqu sqg nt
conpri si ng magni t RN LErRE SRRy RO EEH YA M NP g HUREdon §8 g&PWg

wei ght profile; apgpkYinme tihe deRAMH waldstm Wwaveformto the sanple tine domain
waveform resulting in an apodi zed tinme domain waveform 25 transform ng

t he apodi zed sanple tine domain waveforminto a correspondi ng frequency
domai n spectral wa i . @Qﬁl i m
substanti al | yﬁe‘xclXuS{gﬁgglrgr?(%g%r&%%b?éaysafﬁgu%rl? ?@gg{@egssoé na! gp(?\é@mgrﬁ% random
noi se and truncati@mpesingtr from the sanple tinme domain waveform 21. A

signal processing apparatus for use in auto referenced signal spectrongtry,
conprising: a processor? YBECIPHOFRIHNS AFAMRIe Himgopaipay 3 it Grsngte signdhnpl e

signal ; the processor tQ@P[%E@stsj)t%Qm@rafiﬁ £IRAE R EI AR WAV IBME FBRThE r om t he
sanple time domain waveform the processor obtaining a sanple apodi zation

wavef orm f or appl i @eiplecime¢ domgihevayaiophe ti nme domai n waveform and a reference
apodi zatf on vavet o m { of . ARL1 AL %Ne b Qb IS ahSERRRS LI SRl R YST o m
each of the apodizatiorf™®P g ple ap PP
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 extending from an
end of the first segment, the first segment of the sample and reference apodization
waveforms being substantially coextensive in length and comprising magnitudes
representing a substantially same constant non-zero weight profile the second
segment of the sample and reference apodization waveforms each comprising
magnitudes representing a non-linear decaying weight profile;
the processor applying the sample and reference apodization waveforms to
the sample and reference time domain waveforms, such that the substantially
same constant non-zero weight profile is applied to corresponding substantially
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



wavefornms conprising a first segnment and a second segnent extending from an
end of the first segnent, the first segnent of the sanple and reference
apodi zati on waveforns being substantially coextensive in | ength and
conprising magnitudes representing a substantially sane constant non-zero
wei ght profile the second segnment of the sanple and reference apodization
wavef ornms each conprising nagnitudes representing a non-I|inear decaying
wei ght profile; the processor applying ihe sanple and reference apodi zation

waveforns to the sanpl.e and reference time. domain eforng, such that the
substant i al Ly  sarBIREHAt SPEHAATRD S GeTgreTp Bga) Loreliis feqigneict
correspondi ng subsjeBlatedlttom (HeTRUIEASH YEthE BRIRRY shplchBnSaRIif walstoref er ence
time domain waveforns, resulting in apodized sanple and reference tine

domai n waveforns; the processor transform ng the apodi zed sanpl e and

reference i g, doRR oY SR b LY. GRS IR S a3 b RS

frequency dondi'n ve he "processor nerating an auto

referenced spectr afor sigad ¥péctronRuef @impridmg idstiiafidrd befngteRecusigloeasdeiatar al
waveformto the reference spectral waveform the 26 auto referenced

spectral analysis M@%ﬁﬂagﬁ?%ﬁﬁﬁ%@htially excludi ng frequencies generated
fromthe first region ofy Lhe s?n‘?@?it,i e%m\g&e%rﬁ%fda%ﬁltpﬁk 1 eazgrg{)zfngf%é oA

conput er program product, tangl In a conputer um
for signal spectr oiret dymaia owgeefosi g airefstencecdigmahs bei ng execut abl e to cause
data processing apparatus to: obtakg a sanple tinme donmain veformof a

sanpl e signal and a refHUME&MPIE FROUZAVAN B BP SRrAPBHCALIOP &9 thE SpRRIC LM g

obtain a sanmple apghiARlaeGMRYS] OfRiERE BBRLA LA RBHA thigphicdtih o tHeMe
domai n waveform and a reference apodi zati on waveform for application to the

reference time donmienensaviefealomairewetefa, chh o ploddpodizhivon wexeddrorsemposipgi si ng
a first segnent andfa secong segnent exteqdigg.frgn1an end %{1;he finy
segment, the first SEYFEITP P &FEOSGRPENtStsnoing Somhaeend o et ssgment,

waveforms being  sybgit@Rédnddnk ¥f GO SXhHO GhY fdrbnde@PEdiPatRNGy LT RIE BEING
magni t udes representing a substanplally sanme constant non-zero wel ght
profile the secondubsanfiahly ceextenseve in length and comprising magnitudes representinga

substantially same constant non-zero weight profile the second segment of the
sample and reference apodization waveforms each comprising magnitudes
representing a non-linear decaying weight profile;

apply the sample and reference apodization waveforms to the sample and
reference time domain waveforms, such that the substantially same constant non-
zero weight profile is applied 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

generate a referenced spectral analysis waveform as a ratio of the sample
spectral waveform to the reference spectral waveform, the spectral analysis
waveform substantially excluding frequencies associated with the corresponding
coextensive regions of the apodized sample and reference time domain

waveforms.



sanpl e and reference apodi zati on waveforns each conpri sing nmagnitudes
representing a non-linear decaying weight profile: apply the sanple and

ref erence apodi zati on waveforns to the sanple and reference tinme donain
wavef orns, such that the substantially same constant non- zero wei ght
profile is applied to correspondi ng substantially coextensive regions of
the sanple and reference tinme donmain waveforns, resulting in apodi zed sanpl e
and reference time domain waveforns; trapsformthe apodized sanple and

reference ting _domain waveforns into corresg&gdjng sanpl e and, reference
frequency doméin sPEETPHICT REFENHPIEUC IAREIDIYSHOPAICE 2 PRy ETERFD KB B
anal ysi s waveform gs aé’tofr@ifetéﬂcﬁ]sigﬁb?sﬁe%mh&rﬁQﬁﬁgf@hg W@M@%tﬁfn%éiﬂg%%utable

ref erence spectral waveform e spectral analy wavef orm substantially
excl udi ng fr equenciossusshtgratessingppardtiseocor r espondi ng coext ensi ve regi ons

of the apodized sanple and reference tinme domain vefornms. .27 23. A
conput er program pr od_uccﬁ’,ta'f‘éﬁﬁ?‘ﬁﬁe)}'"éarfi?gm"éﬁar%?r&‘ 8%%U{pi?515%dabl e medi um
for auto-referenced si giakrafPL@ldrH¥8 e doRRIPWhwfdleh from tthdl§ent REmB abm8in
executable to cause data processing apparatus to: obtain a sanple tine

domai n wavef or m of Wavedeiiisl e signal ; generate a reference time domain
waveform fromthe sanpl | Ly f i . j zation
wavef orm f or applicatidﬁn%hgﬁﬁgggghgpg%?¥E%QE@%Hggﬁﬁkgﬁg §?§B§§8%§B?E erence
apodi zati on wavef odomdintvaagipotm aad & edfertncetdpedizitheraetoemt fonEppliosriinro wevef or m
each of the apodization waveforns conprising .a first,segnegt and a second
segnment ext endi ng TFSFRCEAMSHRPIGHN WRECTPG, SeChQfdhgtnodization WRYHTQIMSLOFIPERNNE of

the sanple and ref Eﬁﬁ?%ﬁﬁ%{'%@c% %@m&@gmgifm ars RS iRl de¥iment,

coextensive in |engt onpri sing nitu epresenting a
subst anti al | y samnethe dins tsegrient ofithz sarop mend) hiferpnasfapbdizathom veaetmas beiggent  of

th | d f di zat i, f .each i Si itud
epresent i ng & nord PP ABHIGEEHSTR Mdsngt o CBrPrEne dsR e Eriti B g
reference apodi zat {dstaM@ Bl @mBRohRark AEn-8@B M B BEbfile the second segment of the

sample and reference apodization waveforms each comprising magnitudes
representing a non-linear decaying weight profile;

apply the sample and reference apodization waveforms to the sample and
reference time domain waveforms, such that the substantially same constant non-
zero weight profile is applied to corresponding substantially coextensive regions
of the sample and reference time domain wavetorms, 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

generate 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.

24. A computer program product, tangibly embodied in a computer readable medium,
for signal spectrometry, comprising instructions being executable to cause data
processing apparatus to:

obtain a sample time domain waveform of a sample signal;



reference tinme domain waveforns, such that the substantially sanme constant
non- zero weight profile is applied to correspondi ng substantially
coextensive regions of the sanple and reference tinme donmai n wavef or ns.
resulting in apodi zed sanple and reference tinme donmain wavefornms; transform
t he apodi zed sanple and reference tine domain wavefornms into corresponding
sanpl e and reference frequency domai n spectral waveforns; and generate an
auto referenced spectral analysis wavefgrmas a ratio of the sanple spectral
waveformto the reference spectral waveform the auto referenced spectral
anal ysi s wavef or m subs©Hi# #1 appdiggiignivaveépriny faparmictian tgdhfesamtpdatie dpmaip he
first region of t i &ggggl L ter

pr ogram product, ?gar\{gil% y&lg%%o |elgﬁi&ﬁkg%gg?r%ﬁ%@lx\g%g&ggﬁneﬁé?ﬂ%m&g or

si gnal spectronet sygmanepending fromnsitand of therfsstisegmentethe €t aédneent coroprisreg dat a
processi ng apparatus to; obtain.a sanple.tinme domain waveform of a npl e
D onal . 58 “bbt T SET b Sa eI PSRBT 2o St e SuliET e
time domai n wavef QedpndBEn @R esthgRdihOMaaNaEak eQQHiHF!a%hE%r@iaﬁy h&i-lifG@gment
and a second segnment extending froman end of the first segnent, the first
segnent conpri si nglecayagiveigltepsofilepr esenting a substantial ly constant
non-zero wei ght profile a]nqht he .. stecond §eg)rrtenﬁe cor rti.si 0 n}aQ{]i tydes
representing a subst ant'PRy| f??gﬂl-zlr"i“ﬁ]e‘ﬁ?ve Y cgﬁ nsﬁ ?djrﬁ? g’?‘%ﬁ ae O&’B’pl y the
apodi zati on wavef qedlting ih AR apaiRld@inid dEndoWaidfomavef orm  resulting in an
apodi zed tinme domain waveform transformthe apodi zed sanple time domain
waveforminto a cor r ediabHein giefapedjaereppiioine Aonpa cvaveforianiefor m  and
generate a spectr S : j . | udi ng frequencies
and artifacts ass%%frg{bgh&\% ?rﬁw?eég%g%mr'l@ggez&%%btﬁelrf%ﬁldgﬁ‘?on error fromthe
sanple tinme domai n wagedevitia spectral analysis waveform substantially excluding frequencies

and artifacts associated with random noise and truncation error from the sample

time domain waveform.



