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NON LI NEAR MULTI VARI ATE | NFRARED ANALYSI S METHOD
BACKGROUND OF THE | NVENTI ON This invention rel ates

generally to a nethod for determ ning physical or chem cal properties of
materials using infra-red analysis and nore specifically to a nmet hod for
inproving the estinmation of properties of interest in sanples of materials
based on non linear coryelations to t%gir infra-red spectr

] a.
A particul ar use of thgrﬂ%ﬁ%@ deviep tr%&m"asn_amﬂqﬂew @B PPeetSf _
octane number of gasolines by g 58 fsfbsa0RIYSSE for clean moms Physi cal
or chem cal properties such. as octane nunbers cetane numnber, and
aromatics content can be usefully correl-ated-t-o-nf+ared spectra for

appropriate sanpl e sets. Linear techniques such as PLS, PCR, and

ext ensi ons such as CPIAe press¥tinyenian pena@lyarelatps dor ieadgryrtagmination of

Brown, U. S. Pate 7 n i i Pat en
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obj ect of theScorpayethylens ios polyprdpytenal ect hagainf rrorepor@usl yr e misro-pdrats

Future unknoan  HABRES oY Res bR Spoesatls ol Has cendBBLHT /e seed more

i nportant consi desrp%tciffélal@/ Edifroliel HRhEER R ldrRoffehficse anal yzers is their
y es e.

ability to statistica etect outlier sanples, . sanpl es whose
anal ysi s represents arMere prapisiedy, ithe irventibie relateti ot & weocasdednd to a device for

F l'icati | i | ati on. techni h PLS, PCR and
CRSA do not  pr ovi 66/<G BHESecsiaiatng Seis SFPoRals Bapkelr sadtoms.
properties wiqgh  suffiHd fBsAEEHeRted chRAFEY! S8 BoBRIDIANtRL bARS aRBNgIBPed Ibf

indication that the property being estimated depends in a nonlinear
manner on sanpl e rEdwEbSIrtsyothetivalatexuyinykonrnyuetber pbveerbfdso naliursxt ace Abr

addressing this prohblens .includi | ocal iz | i near reaqressio . MARS, and
Neur o Nors. but "AHRRSTR R HE St hadkeR p6E g REF PRFTRERTVLE: whig S erd"
coefficients to hewf bfevandiigenerally do not provide the statistical

gui dance available from |inear techniques., Cal i bration

met hods that are curr et PNBNBrERREANS oinc Bracsicat argtiyfemajeropermeable articles
et hods. assarts S AaExlenerin of i KRS, kR YPlrbioty e o7 eing
concentration on whshetpand dakd sfitiedtly in daméstld aeiadustbhwdshiagenactddesiaatie
when the pr opertydrggrpsends on a nonlinear fashion WD 96/ 18881
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conponents, or when i i [ p@%: | ot al
responses. \Wile sonerl{nglﬁﬁfri%g?&)ng?e)ﬁlg%ggnet Egé@g%@gg%gﬁﬁg?ggﬁﬁtﬁe
literature, they tgenertlithe time of washirgeispveryt inardefoi aimimateanT hereaare, indeed,

rel-Qti onshi etween the spectral data and the praoperty/conpongnt
o rbntrati " Spehr Bttors Disvanna diunog Bhepaioubr Be AU o Regs oR g, hetpeeps

coefficients to bped@icetHih Matkr [Bhers! Maderayderwefer drRetdd HaBlty of @M as
that very large sanple sets be used in the calibration, and is prone to

overfitting of theassatthroughsdhe npstkehoawingede the huwarsporisityt of ghevimkierials
statistical neans__ for daetern‘i ning when a new sanpl e being anal yzed is

out si de the rangec%f_cefrh_ calibration, i.e. outlier detection. A sinpler
nonl i near method whi chTHis id 886 oPtHeN§lovds prr¥enfly Liséd b Gagh Yeures, 4t @hieh are
outlier detection was needed. A variety of |inear calibrations

are in use irR%stdingarded enachiisne theawearecwlgsyadhe regnchat isalo sysappreximately
exanple, Heftje, J—ézgggs %ﬂgs Hirschfeld (US. Patent 4,800,279) discussed
linear nethods fof u:;‘tl o of physical properties of hydrocarbons.

Lanbert and Martens (HBodurd&% 49H) 642908i kiedcabéd neaprovekbotbrf eecycling and
estimating octane nunbers. Maggard di scussed |inear nmethods for estinmating

octane nunbers (dgsontemiating pogketzpurh asHispasabla gle¥e$.ng ar omatics in
hydr ocarbons (US. Pat , - Br e 243
di scusses |inear net hoﬁﬁs}! ag%eégoégéaégwgt %ﬁrﬁééﬁ%?rﬁﬁ}& %h?élgéeé}er éyo}{r?gl t;‘/)mbg

(CPSA) and gi3fes neaycleds seveapltities and they can fhupi besag-ugkdabhs (&R, @05
090 Bl and EP 0 304 232 A2) describe nmethods for direct determ nation of
physi cal properties of hydrocarbons. Espinosa, et al. include |linear terns
(absorption at selected frequencies), quadratic terns (products between
absorptions at different frequencies) and honographic terns (quotients

bet ween absorptions at different frequencies) in their equations. Wile the
equations presented in their exanples generally contain only a few
nonlinear terns, these quadratic and honographic terns were chosen either
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at 231 wavel engths were used as inputs to a feural network cont ai ni ng 24
nodes in one hidden layer. Including the node biases, a total of 24*231+24
(5568) coefficients (weights and biases) were deternined in training the
net wor k. Nonlinear multivariate calibration nethods have been
reviewed by Sekulic, et al. (Analytical Chemi stry, 65 (1993) 835A-845A).
Local ly weighted regression (LWR), Projection Pursuit Regression (PPR)

Al ternating CondidaWigrasiert dlenaseier seoneEpry Mses.i thaisi reducingatheirvavespge mest

(MARS), Neur al I . Pri nei Conmponent s Regressi on (NLPCR) |
and nonl i near Pgﬁwgiperggg%éhﬁngéﬁ{%@@dare di scussed. All these
techni ques are nuch norwilicerpotedt thangde! prodéedd hﬁ@'dbvfcbaitcbl‘tﬂrgzlf@fﬂé me8htion

post processi ng nethod of the current invention.  SUMVARY THE PRESENT
| NVENTI ON refate to miedystesiaigndegy sneieorespeciallyreforodreas avilgnicontrated y

mobsur e oot Sami oG el (R eHaE T C RS S R R RsRES 8L The °

process or anal ytdecahtaapipbtioRbat)sis welllas of thef detdrgipite Ut A ESre/e?P Ghpart it
conposition data of a test sanple froma nonlinear correlation between the

spectrum of the t¥¥pedasentarainatingdayids @reofindaess lighlspta cpuse dagmasola then
f th : i i i :
data of the test saaple ?@’@pgd:é?grgteng 2&%1' t?%gthbogalfge BP%G%@WE@“E%‘%@?’P%‘?O;’

invol ves the followng’s measur enment O
set of calibrati entidespwbich is incompa)iblehwithethsinrigaeint pajcepsep ealing qﬂa(Ee )in
3

conposi tion gat a for ﬁai d, set of calibration sanpl es,

t Kg det er ni ndPi orfoBirodeq ?%%ptﬁ??éffaé_t-i on between the spectra fromstep (1)
and ~~ the propeif yater d‘é@é‘ﬂ&gﬁﬁﬁétﬁﬂ 1Y Bedr ABhaGE&Rd i dndustrial rgééﬂim%é‘e
determination of linear estimates for the property or conposition data for

t he cal ivisthatiegonisedpfilearedywatpplagi well tasea |detergent contliring ewnfionic,

(17 s SREOHE" e amipnin: SutAdEnEn e WasRIneh o Sttt SUAT ¢ 88 ¢ e,
linear estimte Rymbbkdtlifg shiedrying spQ[eﬁeé}{cpﬂPl%rﬁLMnlSEr FRYBRSIdrk QAridBleaak Hean

step (2), or the differences between propérty or conposition
data from st dp (e xatimemnof walesaand amaounteof detergast eped. (4), as a

nont 1 near functi on of i1 hg kB2t *3laBRE Subte? s Rridha e pollRidSHREE!

anal ysi s, the nonjubbeglietBl pbsert H9ihg probises [thedRICRER AR fidte rélrPRI bUndés
conposition data for the tests sanple by: (6) the neasurenent of the
spectrum of the ttespakeagnehermetic. (7) the application of the Iinear

correl ation determ negh{,n S ( . > . . i

| i near estimate of th?%ﬁgptoﬁﬁ tf %angggﬁ%@%fjmﬁﬁ ég&%rﬂlonai mdt’ §Sr8f h@endr?ers.
application @0 thehenonlyifacrs govemirig thie digirey tiinsetteitempleegtufe andl ahé Welume

| i pgar estimate in st E‘(Q to estinmate the property or conposition
dat.# of the test Of material '§§$r%§ o the drunt.g) out puting the estimated property
or conposition data fay,dh&echeninisasm g ; IHaC A ebhniS: :

If the non |inear correucti or? ?ﬁ rl‘tgﬁﬂé( 55re(|;ﬂ§/ ((:jg l\éﬁig:[,(ggn%g}% ??tt?ngﬁﬁt@ of
property or conpexliles dntataied faropordttaled( 2imasphece | greas andoibl witiebe readily
function of the linear esti e fromstep,(4 the _.estinate of the
broperty or comdSPrSURAaTE ey PHEM Bub dathtanaiod e St lobs f the
substitutingokhe djcre@r estimate from step (7) into the nonlinear
correction equation fromstep (5). | f the nonlinear
correction in step (5Naw, tatkalcasedothglovestompockats dilfeadyeused in monivolied .

the property or c osition data.fromste nd the linear estipate of
the "property or ABRSBLFE S Ratic PRI EER! fhyRE Aot sheiTags A5 TRET Pn %t
the linear estimahg twbFacesitel nedssdrii¢o fsthbii@tie @fertsSerBpRRIT ¥n@ from the
conposition data for the test sanple in step (8) involves substituting the

li near estimte fqteen tae spiling)elements dee fodhe nparationoperéritnash sépgathicoglove om

et e frondet dEL o FERGIAEES i SOREN obfblaRbh Bothohcaly BRdT iy

| inear correl ati gaspectss eie GB3endevef pegticles bhadactemdl tivariate calibration



devel oped by regressing the reference property data agai nst vari abl es
derived fromthe spectral data. The spectral _variables may be absorbance
val ues at specific wavel engths and the regregsi on nethod Multilinear
Regression (MLR). Alternatively, Principal Conponents Regression (PCR),
Partial Least Squares (PLS), or Constrained Principal Spectra Analysis
(CPSA) may be used to extract variables (scores) fromthe spectral data
and to regress these variabl es agai nst the property data. The residual,
i.e. the difference between the actual reference property value and the
val ue predicted by theThe inveniproenatdes these drawbacks to be avoided by providing a

PCT/ US95/ 16129 i near del i.s obtai.ned.for each ,sa
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le in_the
calibration set. 'ﬂﬁ%c‘?ﬁ_so E&%g‘leé_ns C %HO?I!(eft Qirsg)gloP{Srﬁaf‘%awaShed
function (e.g. quagy #ottf fAEes;Uikiner fAHICLURE) Pl BheedytReabhi/or Be@FitEhRfited
values. Alternatively, the actual reference values Can be fit directly as a
nonl i near functi orpreductinan thuedel gbtpinedi at adesser gest. than that of the samerpeoduct

hod It in significantly, i | i br at i acy._and . .
per for mance of Dspdtierh Aeter BRI, BEFE 6t ThE nae 2FREE T Buerria
det ection capabislci-épiﬁ,lsig of tHel mariafeddmedmed. BRI EF DESCRI PTI ON OF THE
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DRAW NGS ure 1 shows a plot of engine neasured Research
Cct ane Nunber (RON)  veffissisolent ef therdoeentipnaisLinsar BRSASS HPr seeydlisg amd

car i brati on dat aseeonE e PoRkein Shevest HRIBSHREHIFeBTRF, ded Togmenchy

Engi ne nmeasur ementgrocédsomhiehednsietsat i ve to linearly esti mat ed RON.
Figure 2 shows a plot of residuals (RON Estimated via |inear CPSA

caigbr ation ni'Aus RON ned8wreviding feriengorting ofthe peskaistindelibhy marked.iascue!l
CPSA calibration for d ol e r Redr
val ues for 365 Pomerfo?énsg?ﬁé'rsgﬁup e n?é](?(t:i? i[@agﬁfégﬁﬁgacﬁg{ég?ﬁ{%%@ ne F\év'
t he cubi c pol ynom al funcap;on of the linearly estimted RON which best
fits the residuals. igure 3 shows a%gl ot of engi ne neasured

. . Fi
Resear ch Cctane Number '(R@\SGFW‘%%ghWWQ ﬁ_ﬁfje gAntarREAtio e%f_r’fhe pockets
Post - Processing of the L'%gﬁfg ﬁs%egcaha t?{n@Hg%aie’?T,i %W§gé?iggﬂee{rﬁ,' §i2t are

represent data for 365 Powerformate sanples~™in ca ration Li nes
are ASTM 95% riépr oduci bi | reatelisoi asstofter ndiGNolinghthe neasur enent s cal cul at ed

relative to nonlinearly estjnmated. . Fi.gure 4 shows a.plo
of engine neasured Rgaséay'@h{r@ﬁ?fﬁﬁﬁ‘gﬂﬁ%g@s?m@ke@er’%stﬁ(ge BoRPE ir‘?ﬁf‘&&go?é
Li near CPSA calibration ignhdsaime! @02a dyingl ﬁﬁitr&ﬁliiﬁﬁt@dﬂ?wiﬂ@tcﬁevicésoﬂi the
bl ended gasoline sanples in cali b‘r ation"dataset. The line represents the
cubic  polynom al funti ogprdamingdioniaidiae prodeists; nat ed RON that is the best

engi ne mmasar ed Resear ch Bl angeribie dresyPockel .2 el Brllp Joopted
Li near CPSA capi bration figsidestht sdaleds@ticidsuréangreehéy are taduods irrtemrag\s/%nt

datga for 238 bl ended gasoline sanples in test dataset. Lines are
18881 - in directing the packaged pockets out of the sealed enclosure.
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s . . . . - B~ 0/
reproduci bility Iimts YONHEAGAn, Soject of the, nvention s, 2, §p¥ios for ety bnd
| i nearly esti mat edddeOhtaminating pockets Bugiuras @ispoeasleagloves fof dlemi daains, to
(RON Estimated via |inear, CPSA cali bd'ation m nus RON me‘?sured ag engi ne)

versus RON esti matlBWISTaN PRiPoesssa dovifs WPSHETDA Waheied SReted AOMRSIRAT of
Circles represent ki ; i l4 i i

calibration d%? asea{ Séﬂ'tl'lﬂg%{t?tﬁ(g{'??t%ﬁéﬁﬁgﬁgp%%}ﬂﬁgﬁﬁﬁ? uér?‘?fei%%ﬁ@? gl?rﬁéihe ar
linearly esti mat ecbf R@Nichhiscitonditibnédtand hie whishdingl pockets are displageidgin ¢h@

shows a plot of residyals Estimated via |jnear SA calibration m nus
RON neasured by erfgﬁ%?ﬁ?“%(@mef WS ddnihe Seelf aﬁnc@%\e. calibration
for the test dataset i RaIPhSHICulal featiBEs " SRE CEENtAESS ddrakhe ahvestidrPrwil

238 bl ended gasoline sanples in the test dataset. The line is the cubic
pol ynomi al functi camerge frora therfellowing etescripticrdoRaN exaimplarvesniizdingst wheegin
the calibrati set . FLgupe 8 sh I of . engi.ne

Research Cct a%@ NJﬁ{?é?n?ehdﬁ) W@?%ugogRQiq &ﬁﬂeﬁ‘g@eg’f@?@bm\ﬁ{f‘l{%ﬁ‘eﬁ a”%%ﬁgﬁ\%(ac
Post - Processi ng ofreph@ehtdtRar ofdR8Aee@dling! #id @@cdrﬂémtﬁwn%;&fdvidbaé@&%inbrto the
Exanpl e 2. Di anonds represent data for 238 bl ended gasoline sanples in test
dat aset. Lines ar ény@RN95% reproducibility limts for RON Engi ne
measurenents cal cul ated relative to Nonlinearly estinmted RON.

Figure 9 shows a plot of engine neasured Research Octane Nunmber (RON)
versus RON estimated via Linear MR calibration for the test dataset in
Exanple 3. Circles represent data for 238 bl ended gasoline sanples in test
dataset. Lines are ASTM 95% reproducibility Iimts for RON Engi ne

o e . - o v o, o,



Figure 'IQ shows a plot of engine measured Research Octane Number (RON)
versus RON estimated via Linear MLR calibration in Exanple 3. Squares
represent data for 385 bl ended gasoline sarrpIAES-i n calibration dataset. The
line represents the cubic polynomial function of the linearly estimted RON
that is the best fit of the engi ne RON val ues. Figure 11 shows
a plot of engine neasured Research Cctane Nunber (RON) versus RON estinmated
via Nonlinear Post-Processing of the Linear MR calibration for the test
dataset in Exanple 3. Crcles represent data for 238 bl ended gasoline

sanpl es in test datasektigure neb scbemstinalysorewpeertsci di | gloyel i reicyslingr araN
Engi ne rreasurerren&gcé:r%ﬁ]%aqltn%dd relative to nonlinearly estimted RON.
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PCT/ US95/ 16129 Th%%oves, bearil\r}g markings indelible to water 7and solvents, are
DESCRI PTI ON OF THE PREFE D EVBODI NT Li near calibration

met hods. have beengathesed ¢ raelsartivgsgistion dl. Theagiovesearesturned ¢ighiisidd out and

iti . physij t : f , ties. The |j
o Pods oo sab Leblal, B RRRL! 4 BuBislicBly cRRORACE RIEE It B (i ot thioke
conpositions or poesGsiedatot tb hve FRISAbRSSIAASSEr %ﬁ%@ﬁér'bpmﬁe OrRESrEy daas

been neasured by a reference technique. Preferably, e calibration is
then val i dat ed bynappesidaple @re serapped. Hiankpdphetsa of epapatarisedsoliewtup aihd

et hod, B nalty, - ERS TAIE TS Absf Bufdpk bhE ag®; BREb o kS abteREe

predi ct conpositi and dhe puensErtof KAGS.of recycling of the arlicled Rertbl NBRY considered
calibration, the spectra of the calibration.sanples formthe colums of a

mekgi x X, whi Hh | §3UaCtPREHS GNERA.n, wheref is the number of individual

data points (frequenci I s). J - [ 5. er
of cal i bration sanpl gém‘ﬁwé’}%\ég 'ﬁ@gtdﬁ‘byél%%n %@ﬁ?é@%@%%&%@“@ %E%)'t y
da]c a for f the n ﬁlﬁlbi Herstd, iwho thangdee sliertbaine ahd Howthar sinedesed svblive| éndbiing
iOX\[“e_P ?] o D n %he[e T]%ﬂﬂ atcléu(}gv@ﬁ@ilprsitsapmﬁwn EBRPAIGNSHE acHeal cogpumption: In ’
Girectly. Thiee apedugh ERdss ipasSily fo pRASES VR aoglmERE TN Rald chath, as
rows of X (i nth vi deblasftoegadinsi %W@Irtides/aumnga“tha)ly &rreea::hasieni, ghieh meetingtitsk
<n, and X is replaced by the smal |l er trix Xk containing only the _k rows.
5 15 “hen obt ot FEGSBR YaREERERT R, Ab tp bty furs anedilppaviatharmdiied o
For PCR, the matrinpbileX IS tieCOARRBRES] Pén%irte'aef&r OgiGt ederitiBl 8, MRE! b6REct U
(the loadings matrix of dinmension f by k), [erf] (the singular value
matri x of di nensi epefatipn atthe medule, @lowingealt eperations fo be halted whesi @re of the

k) X .= errlvieLr N~

[ 2] The scor egamet{a?eﬁorlgag%rs g}se(?tsaa?ﬁ ﬁg{emﬁﬁ%%&%ﬁhlerageg?gqn@mgr@tpgr m
the nodel . S’Lﬁ) thawegpé?@s &bnﬂwba_fnddtgﬁi@ﬁﬁ@%'dbi@mﬂgé _déstiﬁéﬁbrpfdfhmgol‘bﬂycllefd
matrl ces and regression of y against a scores matrix. X
|s%: vect or (di neREI%ASE by 1) contai ni ng a spectrum the [err], is the
gff/'ega}))e/d property or gORRORGR IR Yo 8tiH ‘T,Oélfg%]ﬂzé%gafreﬁgge('dott@é?qin'es
[ 3] WO 96/ 1888W) towards a washer 3, into which they are introduced via a door 4. The
rpg;;/ gﬁg?ls 1? (1)r29t hewppﬁ%ra,dimgp,doy\{ns,tregpbobﬁh@eqprgg}g station, ?s éupplie-clj_q?y an ultra-

r =Jlerr] - vy f d gq?ﬁ i :
estimate the %? op Lrnienga}fert;ﬁg%t[@h% urn ESSI.STUH&% g% r re[r r %‘P leeé %ﬁ%@gﬁi@ob%c@éawd
normal | y di stri butlkarcoalf teaat ilesshr5 mictehs. $oithadeaghing whier ivaddedrd mashing

dependency between the operty, being npdel ed and t he sanpl.e eni ca
conati tuents. tnaet Wib A leali e ghitiad o sEUBBEe IErRH Phi'd SURtRERY
In this case, a NMBAANGHGH' &8 c_)l_ﬂgg%ixtlﬁérbfbtﬁegg_ts%'rﬂé%n@é( PRS- 1@@5@?%1@9 e

esti mated val ue. L post-processing can take one o )
forms. Either theleastiogeatisinfectantonavingdaptesisisalyyidcidpb SungioidaV andesxidiging
are regresse S nonlinear function of the |inearly estimted
properties, Fl%(?r] _Sropertles. e water is e—xonlsedrr{rmosgdf ([err])

or y = f([err])




where T([err]) stands for the nonlinear function of the linearly
estinmated property/conponent val ues. The nonlinear function is preferably
a polynomal in powers of the linearly esti Nt ed property/ conponent.
rferr] = Jerr] [ 7] or y =[err] If mis
2, then the post-processing is quadratic, and if mis 3, the

post - processing is cubic. The choice of mis nade based on the ability of
t he post-processing function to fit the structure observed in the

resi dual s. WD 96/ 18881

PCT/ US95/ 16129 The rinsing water infroduced into the washer is préferably filtered to at
| f the residuals reflt as function, of the arly estinmated
properties using e[ra'fror}i%? f?énﬁﬁl}‘lq’r? watsr '%Q?T'ﬂ%ﬂ?%g@@p ft'tﬁéeé to at least
conponent/ pr operty)_45§m,(9@,t,§| ned by summi ng the |linear estimate, and the
nonlinearly estimted residual [err]

[ 9] where [err] is tWashenl3 rieaafquém:tedmtitb fonon-heturresiatealé oht wiasied wayer

applying [5] of [7 0 the ear sti perty 6] or, [8] are
used, the nonl? glscbgqqeng@lgef Héej éﬁrfggh@gtlg MRoPRE tcf?rtf'gg%’b%“ﬁt ﬁBgWLf for
directly. fi ltenng to atTéﬁstWﬁ'ﬁc%n NBEAted o thaehts &f l‘ﬁBrrﬁﬁéﬁﬁédAlPBf ftle
to the nodel devel opment by, for i nstance, mean centering, base
correction, numer Blemende designiedder fluidrcirstlation analof z2an0mpolidabbmateria ﬂaadls
correction spectr

single set of call %%f 88?1%@% O";tcrpi\tg qﬁ%@n@?@%or@lea&g\;gmﬁt%dgﬁ Ofé?@mdes n

nul tiple properti ﬁ@terQﬁ.@lo%eWé?@nW@cé@n&ﬁﬁﬁédtvﬁiMhB%étepr ocessed.
Copponents that are predicted can include individual chem cal species

(ekg. benzenel0 | unpedTepevasher ispeavided wéthgan exiéfdags &epanisgensids)a sealed

physi cal properti e y

properties (e.g. Sﬁdggﬁ ty)\’r’@Eﬁ ?@‘gr ')’@I%Eﬁe éarS?‘@ggﬁ' %‘%@g%@m,& %%}eéﬂ dam’g%he
cetane nunbers). ambient air. Three exanpl es are given. Exanmple 1
For a dataset of 365 PQ/\ERFO?I\/ATE sanpl es (refornmer product sanples)
Resear ch Cctane Number TRREPVGRPIFesH é'%stBG \aphey @6ﬁ§t§°a|%ﬁe1§aﬁ"r iOREi W@mag
Spectra Anal yS| S I k€ re
col | ected at é?@éﬁf r:aéol:el%??on ogégﬁéhgﬂ%gg gqgﬁftg-rgpfjlquﬁggggﬁn%
sanpl es cont a151edoperaaomalnk1 dtaeasignepin diyirig omaeratlomom nal pathel ength and

calciumfloride w ndo 0 anc s in the frequency, ranges from 5300. 392
- 3150. 151 cnferr], \rﬂgﬁ?ég@g hayg eﬁg@cemga Wia ‘dgeq & sy a4

1649.804 cnjerr] h C i
Loao. S04 cntert] wheiy Eﬁé’ésgfbegt a5 SHOAY, 1 SHlP e ?@%ﬁ?@?ﬁ‘%n?%ﬂ@? he
correlation. The fheeaﬂp@ﬁeyioﬁ)aﬂ@@évxﬂ’nmns?.ﬂswe i ends699e573 cnferr] and from

exceed the dynam o resBoier T i BE6EH SikEmelc RviER BePoify Bicganioaheditiion
frequency range fopied48ud8ETherddY . a@@c?prcﬁfde@%ﬂcula‘hoﬁ@'d&@ﬁ?ﬂhé@anﬁ‘fﬂ%bﬁéd thl

| n ferences from at nospheric carbon dioxide. Two sets of WO 9
£/S95/ 16129 at least 1 um, from a supply source 12, a negative presgure of gbnqaﬁ)r{ﬁom

correctlons are eppl i asgl i ne
vari ati one. one sHbengSh dshieR, TR o hBHKAR of /e SRR RAE pbRIGHRS s
and the second setadeqwslslbmm hemfeath@enfakemlﬂ;&&%atﬁé@o kedp 4% BR#ueH ethined
WAt er vapor corrections, arerh al so enployed in the CPSA calipration to

mi ni mi ze the ef f eEREPEHIEArTiNGIS Sndlse @"(P‘ﬁ@,‘?qf arfeRtPlergRigey 8RVICRIORAY iqrisation

val ues. Five ns p el the

RON cal i br atl%sl’)l E{_Laglr@ge ?%él?@%f %chgr;aﬁqgg@ppéeﬁﬂ@gﬁggﬁ?@% r?)rl %e@"g?ﬁ% t}(])

conponents wer e detdeceithedessluappartiPRE&Scoataatinaticrppriseat baghesxickets @ thieot

of the linearly glr edi ct gd RON vagrje versus t he_ reference (.engi nF}?? val ue is
1%

shown in Figure 19/0V6$&ng; ihRaMGURTy 9r reghce signiigaatiythe mumibarPfi Reris!es méth,
is 0.54 RON nunbegimensions of less than T Iﬁ}ﬁ‘n RNt bgfﬂ?‘ rf%tér'\:ﬂéllly A*réa{é?@éc{trldétatlc

predi cted RON m nus Engi ne were regresse agal
function of the Ichm‘ge‘spfﬂ'reanoazk%sjomhves\ pl ot of the RC]\I resi dual s versus

i nearly- re ted own Figure 2, together i h . a
qluadr at ?/cpf it o t heRO\%é rdhéﬁ Igrsy'nsg operah tlhguglo"qﬁi I feo“%‘ij\écg\\ét ghing awgm.
of the nodel obt agfem Qé‘al@@%d@ld&ré@ t%ﬁfﬂ'@é'ﬁéckﬁgfnpﬁée’chp 1‘3f intérB4l & 4ald°

the data of Figure 1. This is equivalent to fi erence
enclosure, downstream of dryer 10. The pockets or gloves are introduced



(engi ney ,RON val ue as a quadratic function of the linearly predicted RON
The standard error of estimate for Figure 2 s 0.41 RON nunbers.

The nonl i near post-processing nethod describe¥ herein results in a 24%

i mprovenent” in the RON estimation over the linear nethod previously used,
but requires that only three additional coefficients be determ ned beyond
the five coefficients for the original linear correlation. Exanple 2

For a calibration dataset of 385 Bl ended Gasoline Sanple spectra, Research
Cct ane Nunber ( was regressed using Constrained Principal Spectra

Anal ysis (CPSA), &hereiteainta ebagss sororblistarhpiagks. f@T-exRepectafa ylene or

| d 2 luti -he, 7000- 4 .
Sampl es. cont at neo FOPRORMETEBOERGE G Sealii ieiwet? o iiiien ARE e the
cal cium floride wig@ewmgle M&@Bﬁ@l@azde@ WiR tight WEMSRHY WrRRtGParfidl V@cuum.

4850. 094 - 3324.677 cr’dl err] and from 29().381 - 1634.376 cnferr] where
used in the CPSA cal i bace@ackaged thaadiaes aret dieecrabout of. :dpeaciestre 9.

err]Jrange arg too weak.to ri but e .signi.gi.can . t C el at.ion.
The Trequency Panges 1 TSIHE $iSGnclosthe SBuMRIPhT Phsnieofs f Sl G g
cnferr] are excl U@)@dké@iﬁ?%rklhﬁﬁnﬁéfﬁ _Bétﬁhee@b%fim@éﬁsé(ﬁm’nﬂ?ﬁﬁﬁéwé@? and in
dynam c response range of the FT-1R instrumentation. The frequency range
from 2400 - 2200. 3dictt @erlegated becpgdpmend andoparsonnet requreske o fesierm the
WD 96/ 18881 , , - -

PCT/ Us95/ 16129 IR RBSHRENACORYPHINS AngPYS: MRS "8 Ondtignst) aogptrolled
corrections are ergthayedppli of BRarPPésiE alridb athouny ren@eanatsat ieasiosqlzasshone

variations, one cubic set covering the range from 5300.392 - 3150. 151

cni.err], and flBe Jisoravijeament i cOBEONYOKBPWARRY Ife “¢laAlOPREMIPSBTEsTHY- to
1649. 804 cnferr]. I 4\ L~GoLlecki o a '

calibration to m r%ﬁrz%eﬂ‘{{]‘g%gp ﬁ 'g(l(';: Ss%b rr\%a ?@ﬁoohéﬂlfﬁg})%%eﬁﬁ%%g {ph%r gg)%?ﬁts
the estimated val hreated-dyr thee rdevives t Canseziepty,n thep apetatopoienttsarger ef disesk

in devel oping the RON calibrati ln The coeffici }nts for tge fourteen

on.
constrained pri ncioﬁﬁfat'@ﬂﬁﬁ%?@n?% eqet QI_OM@%e*?F?ﬁQ'?é q_gggﬁ@r gNPRINEPIFEE grments
step-w se regressiom. feAtRbe sifiiar BShbse SR the/ EHEEQIﬁQHQH KHHE abBoRiy td1e
reference (engine) value Is shown in Figure 4. The Standard Error of
Cal i bration fd&b t liee hileginr fCBBSAS cedaih dperatiottlare carried out by automatkhsydtémear

nodel shown in Figure applied for th nal ysi.s .of 238 Bl ended

Gasol i ne sanpl es ?@Eﬁ? W@Pﬁ apgerﬁjg?%as Hgf@r Hé‘f’“ft%'ﬁts) whi ch were not in
the set of used in thehdeygteBiior@hgitdehaBelrintioh tBuPHRsliGéd anecimEal Aird
fromthe linear nodel for these test Sanples are shown in Figure 5. For
the |inear nodel, ndustiiyrepnpetitzerselution tvathpdecydingrarpackets esgloyaserl @sra s
0.569 , and only 9 sanpl es have " predicted values that agree with
the reference engi%ﬁggv\sl)éptdlg[yt o within the ASTM engine reproducibility
limt. 20 It iaReRINbdstblgial fact, ol tdinparissar Withpthedbrotessdsbed
m nys Engine RON) for the 385 sanples in the calibration set were
regeessed agai nst hithedoi i wask efftsierdly halk fagesnefthppredieels qoagemad byamsass.

of the RON residu s} e i y y i

6 toget her w th 4 BanCur; ot IReEeonRlBlcHEEAnR e LU evlignbR of b
processi ng of theliguidepitdse pedsembiresiddr@é yatkets,ortdlevedt aunilar dt Ere samef time,
Calibration is reduced to 0, 327. , . Figure 7 sh t he, RON
residual s (FT-1R MPHEARS: t%SPEﬂit‘étﬂé‘?j regling ﬁ@grat@,qgitfppe%mnq%p?%p%ct n
sanples in thg5t esty §§,t| to ﬂ‘laﬁtotfgqneig?ida%t.a cubic curve generated using the
coefficients eriveg romthe fit of the calibration sanples. Figure 8
shows Engi ne RON for {The preseésssaiso péducesdhayaistesfromitbe Roddwets gcoscarsed sentd

b bi t- ' of the |i l.y .esti mated lues. Wth th
cubi ¢ post-pr ocesds gs AREPING G P ERPArCDR Al FRTIORD 6o Samilndr Bonce

0.397, and 95% of hdiereakd NRLLHWREDt \RicHESomadiREthat I prelBntlPESRRACR It ¥PcAme
values to within the ASTMreproduci bility of the RON ‘engine.

The nonl i near postingusirial scateginniberasserad highly porous Baterialg radveerdentile type; bot

RON esti mate r the test set, but r ires,that only 4 additional .
coef f1cionts B8 yBDe el apRirolibe ot ar PRebiriGhgbhPRAgs, by said
calibration. For Apdddsests such as WD 96/ 18881

PCT/ US95/ 16129 - 12- t he D2699
RON test, neasurenments nmade by two different operators in two different

| aboratories are expected to be within the quoted reproducibility 95% of
the time. Wth nonlinear post-processing, the IR RON estimates agree with
D2699 RON test data to wthin the reproducibility 95% of the tine
denonstrating that the IR estimate is equivalent to the engine

determ nati on. Exanpl e 3: The sane set of 385 Bl ended

S~ - o o o [T p— n o o, o



and -t heri,were regressed agai nst engi né RON values to obtain the
coeffifcients in Table 2. The Standard Error of Estimate for the |inear MR
nodel was 0. 459. 7 Table—1

Frequency in EP 0 285 251 Bl C osest Point in FT-

IR
(3r6hees et ool L

4615 4615. 0625 4585 "

4584. 9302 4485 4484. 8910

4385 4385. 0928 CLAIMS 4332

4332. 0600 4305 . . e 305. 0615

4260 1. Progess, fejgecycling” and decontaminating poé@?@ (8) such as
4210. 0845 disposable gloves/@r clean rooms, characterised in fhaf §: :
4135 POS4155 1153 _ bl B8t
4099. 9208 - in providing4oethe sorting of the pockets, indelibh0B@iriaan bs well
4040

039, 8972 : . 4780 (basel,i
4779. 9464 Sne MR mod TETecdihe, and the {mRleratiag qf asEPmBilPez'%déBEA\Med
gasoline test sanple spggetra. The MR estimates were conpared to the 314
engi ne determnations for the test set. The predictions fromthe |inear
M.R nodel are shown i n-Filgutasrying pat thenavashing ag degonBggination of the pockets
PCT/ US95/ 16129 . . _ : -13- . lineay MR
model . the Standard ErrorS519 VEEM0gG: 37 ipgipg waters. &S ‘gglrlr’ase%qlf'gmﬁntlgs?{ ENT
only 81% of the sanples darestod ediagtiebetorisbdifitantt he ASTM engi ne

reproducibility limt. . For the 385 bl ended gasol ine sanple
calbration séf, the engildraesferipaltheswaghed ppekets, Wwsideppcsaaledt conditnache

|9|6/n§gr8 SR/LR estimate. The ddodiFe FIOWa dWi%’%ﬁ%qu)piea \ﬁiﬂ&é\ﬁﬁ%ﬁ}%ggﬁri%{t\%

-14- contamination of the product§abl e 2 Cl osest
Point in FT- Coefficient in |inear Coefficient in , . IR Spectra
incnerr] MR Mdel - trans}egpj@g Bgsdnesn pepkets to a packaging stat@gmsbgyggted
312. 66 271.i38de t d 4 - - 4
"0 &4 46 11 33 %% que seale enclosu[eigxg%é%% are introduced 'B%ggﬁ%é
4584. 9302 15 99.i@directing the packaged padked out of the sealed enclog4d@498910
90. 34 18. . 385. 0928 75.70

28 84 23%@85‘@9 and decontarrﬁngt%%g)rocess according tegclggm 1,
4305. 0615 31.chBracterised in that the p8eciéfts (2) are turned right si€33ut 4P
-61. 07 16. 03 ' ) %210. 0&4)5 g 7.33

-96. 80 4 ppoedeBrording to size afterdmimg marked individually adb s6%s
4135. 1153 13 , . .10 4099. 9208
-62. 38 _ 1410 §§ indelible to water and tg 8yeptss | ©20. 91
-27.62 20 34088872 and decontaminatﬁwf"brocess according to56laff 1,
copst ant 93. 23 94.9 The cubic

poSt. processi ng was appl icBaracierises |in ribat them dsstadeededo fibe washingswatent =of

238 bl ended gasol i nes. T%% éékﬁgrwigpgttlégg‘p&f‘esﬁ?,g_i%gfﬁﬁ%aiﬁgﬁ e§u%§ant or

conpared to the 314 indivi i ne nmeasurenen Igure T1.
Standard Error of Vali datd mixtureosf these sesactarts, Bad @it 3t oaaCHiQﬁPéccéntthinlgo\l

sanples are estimated to wthin the, reproducihility limts of the ASTM
test. The cubic Nonli nearbaﬁﬁ?ﬂc_l 'Vér&@'iﬁn “gfﬁ';\(iaﬁé’ﬂd $ing Rr%p%{ﬁef-nprovenent
of 11% over the |inearq MeRS§BlindhAY 'd%@ont%\’ﬂinétﬁ@“?r&a%téﬁse Qpéé(rdﬂ\rga%ﬁgéfn?é‘@land

coefficients to be determ néd beyond those us I nea

cal i bration. , 3, characterised in that the pockets (2) undergo at least one . ..

washing, at least one rinsing, at least one decontaminating and at
least one spin drying operation. "
5. Recycling and decontaminating process according to claim 1,
30 characterised in that, in the drying unit (10) there is provided
circulation of hot air filtered to at least 1 ym and a negative

pressure of at least 50 mbar.



W0 .96/ 18881

PCT/ US95/ 16129 IS5 WHATS
CLAI MED | S: , 1. A method for8det erninin r
conposition data of a test sanple froma nonlinear cor?ﬂ'@ﬂ@&'@ﬁ"ﬂmu
the spectrumof the test sanple and the val ue of that prO Ll
conposition data of the test sanple, conprising analyzing the test sanple
by 1. nmeasuring the spectrumof the test sanple;

2. apply a linear correlation to the spectra to obtain a linear estimte of
the property or conposittiBacyhing;and decontaminating process ansprdingdo slaoalti ardr
correction to the linear gstinate.in, st 2). t s

estimate the property or ’o‘?ﬂ%n%?tﬂ'%%d H‘aﬁgt é?')“PH'%’“% ggqta%'?ﬁ;P@; of the pockets (2)
4. outputing the estinated redQRR] E)?’Nﬁ@fenﬁélwf)@n‘éﬁtfyiﬁ@tl@@li aletBbstalie chaffes.

sanple determned in step (3),. erein the linear correlation and non
linear correction are dbtBeexdingyand decontaminating procgys racesidinagta teaim 1,

S oper 1y or cofost t 1 on CTAERBRSET AR the pocsts () g7 iiroduBed T8 BAGs Wade
sanpl es using a referenceniré i@ of single or double packages iR BgHTIViéIAS aﬁd'dtnﬁéﬁr
e

correl ation between the spectra fromstep (a) and
property or conposition daPartil yaewiep (b);

d)
determining a |inear egti e f t perty Qr it 1on: %
the calibration sanpl e?‘ bgg\égﬁl ﬁrngrg{?%@hgi %@gr 0%89&%@&5%’?{5 o$°‘gfeté€ @‘;h as
to the spectra coll ected dispsdatite @ves for clean rooms, for implensigit@igninel pecebs
nonlinear correction to the linear estinate froms

_ , | tep .
(di. by fittindOthe proper3§FostingdRpdaims ih 1digx & FhasArieriepd (Bythaba wagher (3)
di fferences between the pg; et dat S ;
and the |inear estinates (?l?%%és(%/gg%?d %:dfaé %grrt]lﬁgnsgglﬁérfl@r?clﬁﬁﬁg(%xltt%oeor @)
| i near estimate from stepoffeling inside \&D SEAldB8&iclosure (9) the air of which is
PCT/ US95/ 16129

- . : - 16- .
2. A nethod of claim1 wednitipnede ashin yaeh dbe RacketsH (2nag ginplged imdhe
(e) is calculated by fitthpgtinhRe 0 Vi hh# an i )
directly as a nonl i neardl%:rtllgﬁi %ﬁ%o?@t’eﬁ;emlgf'néﬁmgﬁl%%gt gg%éobrlrlﬁ%%ﬁ%rggﬁé)b
such that the18sti mat e of dewasiregmm ofthe gryer, i slspadacddoin thatsealegrendiesurest
sanple in step (3) invqgl vegs substitutin he. .linear. estinmate fromste
(2) into the nonlinear %colrs ‘@(#‘f‘gna u%qq%éﬁaq\‘ngﬂpgtg%vn(:%)a}ccorélng to” Biaim ?8)"
3. A nmethod of claiml wheifhetetibed o Mdtpawashier €3} isCduiphsd M 4 Bbnastlirm
(e) is calculated by fitting the differences between the property or
conposition data from staye (fh)omte vaste| watendissbaiaeatave /) Be wallasewith asr
conposition data from ste . 1. 0e f i.0n. of . i I
estimate fromstep (d), Slgg%p%%%gar?rﬁdegég@? }f'lrlgga'ﬁid Bof éﬁﬂéé‘é’t 6.hﬁar %béerpﬁglé%a?g@on the
conposition da@pa for the y&aus oftHepdm of leapaéiihe nvol ves substituting the
linear estimate fromstep (2) into the nonlinear correction eguation from
stép!(e), and addi ng OnBes¥dingt ane AeRPItARMRAtIG: ds¥iceoRCEardiMg o sam O,

estimte fromstep (2) toc\:l\lﬁrggt‘éﬁﬁed if hﬁa{ itH@'cH&%iiéWto?-clean hot air through the
ere t

4. The method in claiml e formtor the non linear correction’is

a pol ynom al . dryer (10)scoriéz froet Acdpply sduacen(12) eiemal ththe seated

for the non linear correctign is a pol ynom al . 6. The

nmethod in claim3, where ?%@O?lﬁ?r{? ‘or the non linear correctionis a

pol ynom al . 7. The nethod of claiml1 where the property

i s research octane nunber. 8. The method of claim2 where
the property is research octane nunber. 9. The. net hod of

claim3 where the property is research octane nunber.



