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bresemt i ' relates to a nethod for predi ctlon of cetane nunber of a
hasoi |l by correlation of its (near) infra-red ((N.I.R) spectrumto the

tet ane number. As known to those skilled |g t he art organi ¢ conpounds have

n the infra-red region (about 1 to about 300 [err]n) a uni que spectral
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antitatiive cHeCcRROUFAWD #) thamiges spectad FngerpEint.| is within
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and finally to de11very to the customer. This requirement can be

best met by using quality monitoring instruments to measure
performance characteristics of the fuel.

15 At the moment, after leaving the refinery there are generally
no continuous, quantitative checks made on the fuel to see if it
still is within specification: it is only manually checked for
clarity, smell and has its density noted. This, taking into account
the highly complex nature of the modern advanced fuels is not

20 enough. A quality monitoring instrument ?ackage which actually
measures performance specification of ‘fuels would be.advantageoﬁs,
so degradation to the fuel, cross contamination with other fuels,
and changes in the fuels composition could be detected and
pinpointed in the distribution chain. This will not only ensure the

25 customer receives the fuel exactly as intended, but problems along
the distribution chain may be found and addressed.

‘An important performance measure of a fuel such as gasoil is
cetane number which is a quantity reflecting the ignition

properties of diesel oil. Engines do exist for cetane number

30 measurement.
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An i nportant performance neasure of a fuel such as gasoil is

bt or gasol i ne. These reference fuels ar@ m-cetane and [err]-nethyl
apht hal ene. The ignition quality is expressed as the cetane number, which
ik the percentageRafiproptaufichy azetuned im thensamedvay 3§ AOHEPRYPCHRABIt hal ene

ose igniti GRunP&F fREEBMGR & Qhesndcbetgégfolme frHede irBféRckele18NgENE. | N
ptactice, cetane eng|ﬁ$ are sel dom iEd and cetane is normal |y cal cul ated

"cetane i MIEK"*TG 8RF &t WSFh%3§m 9. 1g&éﬁ’s‘1”t FUiFYaiti 1 ati on.
fqture; and an @L# SLNgh! vglgggwgerren tgi g%ha}:nhglgﬁjet”@zﬁosé §§n§9f“ red.

Fgrther, it has rea een ropose rmne the cetane nunber of
gdsoil as a fn@mé@rmcefmmms ithat of thel fuRl| iR)the peasitr engifnvi. dn e. g.

A-0,304, 238 2} eice, t@m&eénglu@gqrengmoh Y&, "ghq QQE%@'& L& i ct the

ceg ane nunber of a gasoil fromi . R spectrum (i ncluding near-infra-red
m d- i nf r £2lewatedddsan F&@@@uéwr'ofm 3@%%@911?&%&9@%&9% deqsippl i ed) .

i s therefqmna aﬂstqmw@*tonofmeheetmemd&n h&ueRepY ind§ RotTBehowi daBlie
pdi ct i gn of  ce nknown gasoil s, wherein the cetane urrber

AR Rk e D cbe 1
bl ended prigdu ’cesﬁﬂrd ‘bef FBE ST B AR PR ée’w}ﬁ"ﬁé"? JIGE BT eCEt
bers i s proedasé ethmber 1sThaqu1ndent|on t herefore provides a nethod for

¢di ction of Ce}ft[}%hgynq%rﬁ sOfal?gasdgletéé {?Tporseﬁl pqu depgrmsitngpéhe cetaz%fe

dsuring the | pectra of
ety of sowmbex ofppaspillees |an§qu¢lpheofspe@I-rlalfraﬁgldode Range of wave

bers and cQuuerd.i R9id Qugben-RIo Bhg, »Bvel engths in
15 However, until now it was not possible to predict the cetane
number of a gasoil from its I.R. spectrum (including near-infra-red
and mid-infra-red) (advantageously, 0.78-30 um wavelength is
applied).
It is therefore an object of the invention to provide a method
20 for prediction of cetane number of unknown gasoils, wherein the
cetane number of blended product and of process streams with a wide
range of cetane numbers is predicted. -

The invention therefore provides a method for prediction of

cetane numbers of gasoils, comprising the steps of:

# 25 a) measuring the I.R. spectra of a large set of gasoils, from a

wide variety of sources; _

b) selecting in the spectral region a range of wave numbers and
converting a number of the wavelengths in question to

absorption data and using said absorption data as an input to

30

multivariate statistical analysis or a neural network;

c) analyzing the spectral data using multivariate statistical
techniques or neural networks;
d) determining cetane number of the gasoil by conventional

measurement;
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-question to absorption data and using said absorption data as
Input to nultivariate statistical analysis or a neural network; c)

| yzing the spectral data using nultivariate statistical techniques

neural networks; d) determ ning cetane,nunber of the gasoil by

venti onal neasurenent; e) selecting a ?rai ning data set conprising

sur ed &) R sdadariapda GRRYRNL Q0& k¥t "RADYE £ gCRIANCAUMRE dars data

correlating thedobt al ned absorbance val ues wi th cetane numnber,

erating a set GPIpFRYPRLIAPALLY megsyred csfprne BERGLelATay2RY CORpMHARLAY

se data to infraerdtaspatabsorbadle valié€iwith cdtafe Sambetp@nbraying f or

oi Il s of unknown e . _punber. thu qQvi di ng. the cetane nunber of
unknown gaas%% 3 predA‘s:Qh % g%l%ay' fﬂ‘gi% fgg%lueinr?g{’he foregoi ng, the

i ndenti orP i s Basedpplomst tleesgr datz pb eindfra exrd epedtiran tfkepetmies theriseme of a
gadoil to its infrg;iad.spPeGLiu ' Laciol e a ch (e.g.

frdm EP- A- 0, 304, 2§gna]§%°EP’- g %,ggssg;g%io)fp%%f&m otede %ge%gé’s;h?ged in

dethi I . Accor @revidipst e revanst newperhef jgherwoknewngeseila of a | arge set

of pasoils (advanhggeméshy dditHast id ARk, £é381 A WieHe MALhEioh 9f mRUACeS
ar e} neasured. Conponents fromdifferent secondar% conversion processes nay

be bresent. UYPOTTBe \REINEIRIS 8T qfFnrlanien ot CatEM DU PEi hgeseHe to
genpral i1y antitappifrsated sgectotm.amyis prsacipet is tiabivs tascalicipr(edgctirem t ool .
fhetspectral £egl.gns¢ipdd,! SO RP0 4508 WaYF JATBEIS obPMnd LOLSNRG, 30 Tully
bl epded gasoi I's.” A'hreasurenent of the ’cétfane 1 gnition 1 nprover

cong¢ent r at i ond¢®aidl.-so required (1600-1700 wavenunbers, advantageously 1630

wave nunber), becauserdidbScd *hé Lﬁ.%gﬁl.siotnhgh&qtn%pg-ﬁﬁnpﬂctra of a large

-4- For work on conversion process streans, for real-tinme praocess
contirol appl i 82% i%dnsatHiés siadventagepetivonti keagtsi0), from a wide variety
15 of sources are measured. Components from different secondary

conversion processes may be present.
The variety is important since this determines the generality
and applicability of any subsequent statistical predictive tool.
The spectral region used is 9000-4500 wave numbers for
20 finished and fully blended gasoils. A measurement of the cetane
ignition improver concentration is also required (1600-1700

wavenumbers, advantageously 1630 wave number), because this

influences the cetane number. -

For work on conversion process streams, for real-time process
control application, the spectral region is also 9000-4500 wave
numbers.

The spectra are then analyzed, together with determinations of
cetane number by conventional test engine measurement, using
multivariate statistical techniques known as such, e.g. Partial
Least Squares, Multiple Linear Regression, Reduced Rank Regression,
Principle Components Analysis and the like, or neural networks.

Subéequently predictive data are generated that can
subsequently be applied to the infra-red spectra, taken under the

same conditions, for gasoils of unknown cetane number. -
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So®0- 4500 wave numnbers. The spectra are then anal yzed, together with
deferninations of cetane nunber by conventional test engine nmeasurenent,
using mul tivariate statistical techniques known as such, e.g. Partial Least
Squares, Miltiple Linear Regression, Reduced Rank Regression, Principle
Corrponents Anal ysis and the |ike, or neur& -networks. Subsequent |y
predr ctive data are generated that can subsequently be applied to the

i nfira-red spectra,STeRRT GRERITS PRPrsdietioonbivd basn Acbievpssdess than Uhknown
cetiane nunber cetane Shﬁruiard errors of prediction have beenI achi eved | esfs
than 0-4 cetane n general theory and general _operation o
neuyal networks a §u§‘ﬁ“‘ﬁr§1 kﬂ’(?\ﬂ/ﬁy t"’d‘dt BRReFaLl|PREragiom of nreural BRfFoRks |as

t hef ef or e not sbeh deskniwredoithodet sltillled in ERaairal dng walgaiwéaéfdt@]t \ﬂ?ﬂf lbeCcan
be Pefingd as n during a learning period a correlation

bet jveen ?nput-ésé&é'%%gﬁﬁlu\tgngéﬁ ‘abl es is searched for. After sufficient _
exaphpl es have beerfeperalilayd ¢ memhak negwork ngnrizlr rleﬂirteldeasrat:rsmstmt }NOI’ kt is )
abl p to produ agt 218 n wal . pet wor ks
navh 1 ound apal Sat onng B Ledehily phEledid ShTeLafioh bifien DR alfl 10
ski lled in th8YERYE Wﬂab&ﬁﬁrlécﬁa%@heﬁetﬂrar Aﬂarmera%fswaﬁet tyerarnmlq;pheve | ayers

of processi ngbeéterm'lﬂéﬁec( srnntﬂlar lé4rniihg ;térrab@ cfhensé{{ﬁmsaet%eia f aphd Gl3 1S
vei ght edgand connect | ements i n_other ers (simlar to the brain's

syngpses). A Re&? ucF kaf eé?h%v% PETAYS B‘SF EG| ﬁ%ttl)éﬁ@%er‘gr& s NpeEale optYaTEs

el efent s whi | Bavé tfoiisd pphicdtianned gWI fdt pactarat ﬁedilﬂgaiir:]ifdneﬁr&ﬂleﬁs

-5- Accor di nq .t eQ ar.n rithm I nin errors
t hgldi fference begﬁeEe}rloaS{;hgﬂe@Eha rﬁte |c]?%3 sfﬁf:? aF8r f

ba rds thréegtbuihe yrerfokdyers Ctﬂwrmediéeng I%yeerstswlosnhlraecte: \the no
feedback fronbidai el AiddalS &aRA: of BRI NEIGNES Aked NGl Qérﬁ{ecc&P%GCt lons are

' insnpll steps in the direction
adjrsﬂzeqs elements in other layers (similar to the brain's synapses).

network learns patterns by adjusting weights between the elements
whilst it is being trained with accurate qualified data.
According to an advantageous learning algorithm, training
errors, the difference between the actual and predicted result are
20 propagated backwards through the network to the hidden layers which
receive no feedback from training patterns. The weights of the
interconnections are adjusted in small steps in the direction of
the error, to minimize the errors, and the training data is run
through again. This happens many times till the error reaches an
‘ 25 acceptable level, which is usually the repeatability of the initial
measuiement. '
As already indicated in the foregoing, multivariate
statistical techniques for data analysis are known as such, but for

reasons of clarity here a more detailed description of the analysis

30 of infra-red spectral data using Principal Component Analysis is
provided.

In the matter of the above prediction, a training set is
defined as those gasoils whose spectra and 'engine-measured' cetane
values are used in the analysis and generation of predictive data,

35 which can subsequently be used to determine the cetane number of an

This Sheet Has Been Repl

A IIII




e error, to mnimze the errors, and the training data is run through
.+ This happens many tines till the error reaches an acceptabl e | evel,
$ is usually the repeatability of the initial measurenent. As

hdy indicated in the foregoing, nultivariate statistical techniques for
% anal ysis are known as such, but for Yeasons of clarity here a nore
detaj | ed description of the analysis of infra-red spectral data using -

i nki pal Corff5RerR BARatY sie iselpebiangef. this cyaining set {2168 he above
predjction, ainpbatatitnfesdisei st deftned1asidhasecgasne lgenvbaseyspartra and

"eng{ne- neasured'  cetane. values are used in the anal,ysis and generation of
predictive ddta % ﬁvghp%lgfﬁrgﬁﬁfs?eageﬁ’tel éa'ff‘e gg’éad a‘f‘Sﬂff%e??rﬁ%‘S f%é °?et ane
nunbgr of an apekpvavrogusspohdingheo stHecghs@ils0bf tthiesttaining raptses domecirear|y
I mpo}t ang beq?,léSﬁoi]:[ wﬁﬁé tdaggll.y influences the generality and predictive
perf br mance of the d)at a. Data analysis on the set of spectra corresponding
to the gasoills of Theh@eer gpattpumsef the dendsi gendretédlandwiheg diffarences. The

meany spect r UrBedled1@ 28R irda3vARAS! ML ran hnldhendinbhersaces ehuaen each
i ndi yi dual spectrum and the nmean are calculated. 2. The nmean spectrum will

§ the order ofPs8ER" FRESEPE Wi BAJLR Ghenrdst ot ePRrdatRarsicits #1d a set
0 gasoi Is» ithe \(Rbpldéh bffi sadlysid\ oifes stitque 109 gaspiibels werpl | ow dat a

ti to nageapl e nupber .of problem vari ables. A set of artificial

r a%;r e c%fgg‘f'g]tq;_éd‘? b%?cg? 1ot éﬁ&&ﬁé‘“&?élti’/sﬁ%shfgf éﬁcr?erﬁ‘f“fcfté?‘ént@e qspectra

{that t h_enamagéaiﬂsemimbethd_ qiaolalanagatfe-béxpl # med dfyatticiieial spectra

artificlgl sPRUiLAd B0C Ml LAISBUEAATEEL Bt dekEARADOLR-B5, [ e
b etween th p of 1h

aritgnetic differences in sor bance e nean spectrum e

gas®| set arfirchalieti Ak Viegirncegimahe dpreceaurhe Feladned fhycithessspectra are
knowd as the gyt fLdiRAl sgRAPANERE SaBHEd retite Bpéctd@daid) de I ARC he P QROERd ON tO
t he ape spectrum re-generate t he individual gasoil spectra. For exanple a
typi dal “hunbFLErRshir n S iFarenastpbm aRe SRR PY¥etd BRdNeH sRecHMPgPhal

gasoijl spect rthecgisdid se& gadadazhethdiyiadkli ghesilobpatRuRpPrinat er&iFatidbut i ons
. ch pri ncsipgg‘l:rac%gg %%% ;SO the principal components and, when added in
correct proportion to the mean spectrum, re-generate the individual
g gasoil spectra. For example a typical number of principal

20 components would be 10 and so the original gasoil spectra can be

re-generated by addition of appropriate contributions of each
principal component to the mean. The contribution due to each
principal component is known as the principal component score and
the. scores will be different for each gasoil.
3. The information in the gasoil spectra has thus been reduced
from 5000 data points for each to 10 principal component scores.

. These scores can be correlated with the engine-measured cetane
numbers using a technique such as multiple linear regression.
4. The subsequent analysis of an unknown gasoil involves the
measurement of its spectrum and then spectral description in terms
of the principal components used before to describe the training
set of gasoil spectra. This results in a set of the principal
component scores for the unknown gasoil. The coefficients of the
earlier multiple linear regressional'ébfrelation can then be

applied to the principal component scores of the unknown gasoil's
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mean. The contribution due to each principal conponent is known as the
cipal conponent score and the scores will be different for each gasoil.
fhe information in the gasoil spectra has thus been reduced from 5000
points for each to 10 principal conponent scores. These scores can be
elated with the englne measur ed cetane numbers using a techni que such

Itiple Lg HSES thé ceIQ:?e S5 &0 ¥eNEhARakyInS godoian unknown
gasqi | |nvolvsthe rreasure of Its spectrum nd then_s ‘%L
desdription Pn t dhsavilyche lﬁrFfFﬂzlcﬁa‘F oo PR MEHE ] d’§é‘ﬂ°r§(ef8&é“ 8BS i be
theitraini ngd@?ﬁer@ﬁtgﬁiﬂl {:heSQBG\FeI ,abearguss tios \dats deduatizet igfperifierned nci pal
conponent sc for 1he . unkno & Gog | he rliier
mul tliple lin ?irp V8PS i SH%quV\?’} gﬁﬁtﬁ“ﬂﬁe’éan fnﬁeinlI o8 ‘%Ueie %thttso Fl?le:
pri nci pal coapameﬁatiusmness dih thee fohkewing mgemert ' Igflspmqlr Gmpqsrﬁnm ding the
cet ane: number, of, e, inknoup, 988 Arlinfle, T0E ANBLYSIS, | ERResRRC, OF (D

neur;al net wof ogy iS' ferent From t above, because the data
reddction i s'peereoteshesyrHy shid repeRfente thenre b ive igRPTeAncheakur ed

wavel engths. 1be faberdiedeed ip8int Tol tnd f&erwﬂdc@% ﬂ@tﬁ&t’&’iﬁhe RimbB£| [rle
Corrponent Anal ysis_is used on the traini riggs asme %ave](_)en%gﬂerate a

property sp&BBFtAMl WARPRST LS MET THRPLIEL dl crec
-7- i Wrta&%1QIIQMbaﬁﬁﬁg batwedat 5 @ 0O. to the correlation with cetane

nunber. The spect({ ?y asur emen régtos tpearavgngg)l |o%ﬁdutsgdgqsgr ete

wavel engt hs, typica unberin St e e of the
wavel engt hs ityaashizsioyeefstencased casrect: fonanysbrsirupetadedeidtso correct

f Or‘any i nstrunenggl rgﬁdlfng.ﬁ wavel I%%hg e%kt@éé&d"‘ﬁ%@h@“@ﬂ&en@@r keet ed by
n data

t heNreference, are converted to absorptio hi s na)é& done
| ogari t hni calcopversied F%ébeaﬂ&learfialﬁé mERiseRaY ibeafiene desgrddhmiqalily. and
pr edet eysni neqdpROosRYS c£R rbee%ﬁem@t'ﬂaﬁmﬁt%allhlahthﬁn péiéirRined beanéxpect ed

for either fuels, or nore process stregns_are to vi de the
range of accdfFatA® ﬁﬁ‘éﬂﬁﬁé%egxﬁ 1@&c‘?‘?“iﬁ§%l"€ﬁ§?ﬁ Sxpetis'ebf AtRe

fuels, or more llkely, process streams are used to provide the
range of acceptable absorbaﬁces at each wavelength against which
the scaling can be done for the fuel to be tested. The absorbance

20 values are used as the input to the neural network. The neural
network performs pattern recognition tasks and the application here
is clearly to recognise the pattern in the spectral data with
relationship to the cetane number. Before the neural network is
used to predict cetane number of unknown gasoils, it must be

‘ 25 'trained'. The manner of training is to select the 'training set’

to a network, whose size and architecture have been designed to

match the recognition problem; During the training phase the neural
network is repeatedly presented with the infra-red data and the
engine-measured cetane numbers for each of the gasoils, and the

300 relationship is 'learmed'. The manner of the 'learning' is that
upon each presentation of the infra-red data there is a prediction,

by the neural network, of cetane number which is compared to the

engine value and the difference is used as feedback to correct the
neural network to its next prediction. Once the neural network has

"learned" the relationship, the data set should be split into a
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Atranst which the scaling can be done for the fuel to be tested. The
abs¢f bance val ues are used as the input to the neural network. The neural
netwprk perfornms pattern recognition tasks and the application here is
cleafly to recognise the pattern in the spectral data with relationship to
t he £etane nunber. Before the neural network is used to predict cetane

nunbpr of unkpoNhedasPliing Idoc MR aDFal ddiBLAPTe HIE BANGH: Yo LEE NNT [ S
to sklect the "training se% to a net wor K, ,vﬂwse Sl ze gnd archi tecture have
beeni desi gnedth® "HeetringficPhase o iiisi prrogssbtanmin®ms upgil et retivarhdrashase

the heural netyOidhets R LALY, RMESAY pledicllive NG rbh IRl &shpddkmnand the
engi he- neasured cetane nunbers for each of the gasoil d

s, and the
rel afi onshi p FBe yssFraigtiesTin thenneteisrlt sprang camber gletesmination dsh each
present abi on ehgiree Omde dhid pHaskatia &dpeté S the PhkFallhdtiworbYcanhbe Nydaal
net wor k, of cetane ;ounber whi cht?i S goq‘gargﬂj to the en%'éne val ue and tge
difference is OSEFIEET FESTRACKTRG QO FLEP MR BRI AR HoPRETH R Réxt
prediction. OhigEra-ired pecbtalndawomnlt thes walekangelld uskd dwdiagidrshi p, the
dat a} set shoukgaﬁqngpl it into a further training set and a validation set
-8- {that will not Be used in the "l earning" phase. This process continues
untik the network InaRartienlaredthe shld giredi¢siveadata he ganedated P& errors are

conpar ahpe t 0ctdEiHpCae! Abidd1CHetidrk h @hi Wrtdke CRIcANSe N UYDRIpAELEr M NAt i ON
by engi ne. Once thi SFP‘{?‘faig is conplete, the neural network can be used to

predict cetanBrfififya ntBHEH GRA PR PUTtRYES of - e RS ARFEMTeGf 4% 1 a- r ed
spectral datafet theegawit! aptibs redechriiuté tihet hemHeradfitd|gto learhnthe

partd cul ar, the,said edictive . data is_generated by training the neural
2Ty Pl g e 3 BR e P Poa B < d kmown

netvrk on thée entire da
outputs i.e. phediicthfons mgdinkdt thef ectudie rgbeGint cemhnet sumbel edatiat aget ane

nunbér data, [Q.d8RAMNY Reatdlat hanshi %Qew@%@ahfﬁigte pgcvada@ﬂumni toring the

performance of its prédictions agalnst the actua nt cetane nunber
dat ajas neasufeEredgting fhardbsperansasvEloes gh: petanenguehers, sqteysting a

corrélating tbet JFSPLRARCEE Ak Uftitebdrdheeel s e DAL End BRASEALINENS
network as adjusted after the said learning period; and applying
these adjusted values, utilizing the network algorithm, to
infra-red spectra, taken under the same conditions, for gasoils of
unknown cetane number.

Advantageously, the network used has a three-layer
architecture which, for example, comprises in a first layer four.
input nodes, 2 hidden nodes in a second layer between the input and
output, and in a third layer one output node., This is called a
(4, 2, 1) network. The spectral data are presented as inputs to the
input nodes, wherein the product quality information is the output.

~ As known to those skilled in the art the nodes possess certain
weights of interconnections, and may be biased.

The weights and biases of the net&ork can be stored and used
to analyze input data comprising the measured infra-red absorbances
and correlate the pattern to the cetane number of a gasoil. Thus,
for a prediction which utilizes the network algorithm to describe
cetane number from I.R.-data, important parameters, having been

trained and successfully tested against the validation set, are the
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of val ues of the interconnection weights and bi ases of the network as
adj@sted after the said | earning period; and applying these adjusted

val ues, utilizing the network algorithm to infra-red spectra, taken under
the isame conditions, for gasoils of unknpwn cetane nunber.

Advant ageously, the network used has a three-layer architecture which, for
exanpl e, COMPIIALS e ifcdicbfifed 2And:0HL, [thBUAoAR0ES cReMcldden aodas in a
second | ayer & ween the i nput and output, and in a third | ayer one out put
node. This ikiddanr|and gugppt poder). network. The spectral data are presented

as inputs to therhdUtandesncetheiidd LA® dhenditfpl eferdtleidt ¥n i thieonemtorbn i s
t he out put.

As knaown to those skilled i.n the art _thecgn ess
certain wei ghteeToFR %f"ér%nﬁ%??c‘ﬁeoﬂ’é",‘beﬁnﬁnﬂﬁﬁlf)e°%lf‘é%ue%. fugp%%ggpmel'ght s and
bi ases &f the neFupmaledplebousivaseca ardrals eedtvarkapdgorighinnisut dat a
conprising the.nmeasured infra-red absorb 16Rfehat & dcherdabhern to
t he impleménted gor eac ou%pu@ . sl%e_%ﬂﬁ%@%l?f%%égﬁylﬁbe? Ar ko Ig.gasoi [
Thus, for a euednttiapmoodrson chtipl, i audt isheherefors Klaxidei FARWOCRRIEEFI be

cetane nunbep, fromly Bargithdrs WHROA ARl bOWLRTRY) HeSpréiauinied been trained and
successfully teste .agal nst the validation set. are t '

s e wei ghts qf
i nt er connect i on BEtwiddnbe HEPReRdesed Ry thesqpiskitedinifhe AFY ta‘%tf out put

nodes. 10 TheSRrkadrdaerédtu@bs Qpplesh anrg +41§Nih nheeprntied humbeheoet wor k
al gorithmfor the cetane nunber anal ysi.s_of ]::;L:'téjvre% fr‘f%:lhesg\gm%lfe‘isof For
mul tiple out PRARS, ThAth&RF ATeRER I K S AT dPT T HnCf S e Rpl 2nest Bd Y or each

output. The aéfladnbafeati oniviastdpeossiywar eo Codeyoars areiappdpedcessor chip,
and (s ther el of e, ) gl .| 0,8 GHAIER b ASHURTY B AUBBEY PR oan be

easily re-prograinmed. e apprecl ate se skilled in the
art that theoficthsoifeutr tayercrangess fegm3r Q) by by of MREeHPECFRE nunber

of nodeps t hay,; & Pé;fe%fegi ShgE8GH ohaY A, HMd @UE mimBet NE AVEELLEOERCT Ual
| ayers. Advant ageously, to 5

| ayers are applied. ccording to the
i nventi on adPuFRWgeBAN FaReRs RAThdr3 ofloRs s P&Ft’t%afﬂgét ?a&ér ranges from
3-10, the nugbers, 3) and (6, 6, 6, 3) networks could be applied.
The method of the invention will now be described by reference
to the following examples:
20 Example A
A training set of 20 blended gasoils, collected from different
refineries were measured in the infra-red spectral region 9000-4500
wave numbers. The samples were all rated for cetane numbers using
the ASTM D613 method which uses a 'cetane engine'. The training set

25 was analyzed in the manmer described before. The analysis using the

- SRS Y

principal components to describe the data by 'artificial spectra'
is done, and provides the first three principal component spectra
in the rangé 6400-4800 wave numbers. The training set used in this
example required 5 principal components, and the results showed a

30 correlation between the engine-measured cetane numbers and the

infra-red prediction of cetane numbers of 0.94, and standard errors
of prediction of less than 0.4 cetaﬂe numbers. The use of neural
networks for the prediction of cetane number instead of the above
analysis begins, for.the first training set, with principal

component analysis to generate a property spectrum from which the

A

W
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bdes of the hidden | ayer (s) ranges from 1-10, and the nunber of nodes
~7gge out put | ayer ranges from1-3. Mdire in particular, (3, 5 1), (6, 6,
3y a#d (6, 6, 6, 3) networks could be applied. The met hod of the

i nvefition will -now be described by reference to the foll owi ng exanpl es:
Exampl e A A training set of 20 bl endet -gasoils, collected from

different refineries were neasured in the infra- red spectral region
900044500 wavEPRERRS s d1egrate sfayrbenatbeccan berideagifisd. cBramey ers using
t he ASTM D61 3netb o chpphdddh Hﬁﬁ&qﬁenﬂ@t as&d %gldl&tarﬂ' h&chrmmmags\&eh\ems
22%%?}2% Isnt g°r}§§garﬁr%gn?%’;%ra'|é?e¥5§ red Sata a %‘oaéleyvsi.é\rsellérsrlgag t‘gent%fllggl paI

- ‘artificialn spéetanalysis.done, and provides the first three princi paI
conponens spegifhadp the range 6400-4800 wave numbers. The training set
used in this ‘EX%E‘E% required 5 er nci pal conponents, and the results
showed a correl at otifabewaeéﬁtwfe brafsnal Rlesdingl coBRORBLT FmBer SiEMTdCEhe

infra-red pregisfkb®neyele Qﬁuan&ﬁaugmrr&n%swﬂateandlﬁ; aaéa{edn&ﬁﬂ&rsslm
predi ction of Iess than Q.4 cetane nugﬁers of neural ﬁgtl:i:s for

the predictiodh bypad gagae HREHEE 2Pl oS f“ﬁ‘é ORREF3RS &h ‘b f or
the first t I’admlaﬁglﬂﬂb;lilmyt bEf pirifee + faal cemmoaeﬁrmaﬁedlysm ereoigﬁmalraae a
propertyp spectr lég}i supeir}_e h;‘g)ortantg,ooglass%ro e num gtKls can be

i denti f1 ed. e neura roac ESubse uentVy uSeq Wwoul‘d start with
t he rreasurerrmedectmd@traawhmguses 3 pfrineciped qjmpanattst hosgenepatede gt hs
identified i ncﬂehin§m?é}al>¥3dh§ s@ﬁﬁ%:?ocﬁ e A éfﬁeﬁ!& S@&ef%flc%ém%iro' !

bl endi ng conponents e.g. light cat crac ed C e ol straig run
distllate, v#+43] befuess ﬂ}frrﬁ‘é?dswmd a'aﬁﬁﬁacﬁnﬂaﬁgvemsé%%énvaéowanﬂf 66tans ysed

g 0 denonstr atuabée 1y qsad\hmeaf iRk Ivaabbhtion Pfovidbs ar [gBEd GRIdAPLor of
eterm tion.

The jnfra-red spectra.are a I n th nge 9 00 4500
wave nu{] ers. rﬁdf)?t'e’d’ec??’ffré’rﬂﬁ?dp ﬁﬂl%ﬁnﬁ%?“ﬁfi‘rl &4 ° ‘gﬁféné?'nt
gener; ated in é:tm:plmrgiees ofestihtes stich estapdasiedurars Af qoiedid @ionooif cb@ei:ér ci ent
of 0.199 bet V\B&& 899 p‘rﬁf‘é %teggomance is lower than the previous example, and

reflects the smaller training set and broader cetane number range

:
é
3

of the fuels. A larger training set would improve this figure to
comparable levels as example A.

Various modifications of the invention will become 'apparent to
those. skilled in the art from the foregoing description and
accompanying drawings. Such modifications are intended to fall

within the scope of the appended claims.
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ancti; zhﬁ nme*asured val ues of cetane nunber is provided. _
TV provi des a _good indicator of predictive perfornmance on
fMa in this exanple gives results with standard
error;s of“predi c\mm ter than 0.9. 1afh_i s performance is |lower than the
v

pr evious 3 ““ ct's the smal'l & training set and broader cetane
nunber ra wuels* A larger tdgipipg get would inprove this figure
to conparable. E——

evel s as exanple A Various nodifications of
the invention will becone apparent to those skilled in the art fromthe
foregoi ng descri phi fdth3BUFGC pPEDRRY b & £UE SMtindTRumbaete NofMRdbdileat i ons are
intended to fall wthin the scope of the appended cl ai ns.

- 12 - comprising the steps of: ¢ | A | MS 1. A nethod for prediction
of cetane nunder smedsugdagithe, ICONBpesSiragof e latgpseofof gpsolasufrdigat he

| . R spectra of a ;’.é‘er grseeé g% g{ﬁggsl‘,s, froma w de variety of sources;
b) selecting in t he specf'rgl region a range of wave nunbers; and

convertifig a hunbeelsftinpeinvibelspagtial regiomagrangei of) vaye abwbepsi enddat a
and using said . RRSRER] | O RubbdRoR SR Mwivilbhettl TH! JoREbA 1D

absorption data and using said absorption data as an input to

multivariate statistical analysis or a neural network;
c¢) analyzing the spectral data using multivariate statistical
10 techniques or neural networks;
( d) determining cetane number of the gasoil by conventional
measurement;
e) selecting a training data set comprising measured I.R. data
and conventionally measured cetane number data and correlating
15 the obtained absorbance values with cétane number, generating
a set of predictive data; and subsequently
f) applying these data to infra-red spectra, taken under the same
- conditions, for gasoils of unknown cetane number, thus
providing the cetane number of the unknown gasoil.
2. The method as claimed in claim 1, wherein the spectral range
is 0.78-30 um wavelength. h
3. The method as claimed in claim 1 of 2, wherein the set of
gasoils is at least 100. _
4, The method as claimed in any one of claims 1-3, wherein the
sets of gasoils contain components from different secondary
conversion processes.
5. The method as claimed in any one of claims 1-4, wherein the
spectral region used is 9000-4500 wave numbers for finished and
fully blended gascils and the cetane ignition improver concentra-
tion is measured in the spectral region of 1600-1700 wave numbers.
6. The method as claimed iﬁ any one of claims 1-4, wherein the
spectral region is 9000-4500 wave numbers for conversion process

streams with a wide range of cetane numbers.
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istical analysis or neural network; c) analyzing the spectral data

g ~ul t ﬂmmmmmn i stical techniques or neural networks; d)
3t r m ni nul t he gasoi | by conventional measurenent; e)
dcting a*tr&intnd ddta’set conprisi ngllneasured | . R data and
entionally neasured cetane nunber data and correl ating the obtai ned

bance Vo ueme pettdd!ab ShANEIIOR, METEY 1L 3-60ungle Y 801 Cli Ve
a; and subsequently applying t e data to infra-red spectra, taken
"t heeyaak nestelk ilsnapplied, gasblrllssnafth?nkmﬁméet ane nunber ,

thug providing the3aiANenBUERE] HetliBBk on thElcREYFe GaBRIdet By rEIaeamt hod
as clainmed in claiml1, wherein the spectral range is_0.78-30 err

wavel engt h. Preseqiatipn ipfy inRuts) ar%amh MR 1-of the QA &R set of
gasoil s'3s atdaktaatdr th8 gadoill dnbishedtare almbiertded rleaﬁy tIhBErﬂfat&bﬂ-l ms 1-3,

wherein the sets of asor | s, contain coppanent.,s fro fer ng secondary
conver si on prg‘(’fgss ceR, thfh% Srefhod RS c’imﬁrrehcf PR” g‘}ﬁ‘“‘a%%ee %f ®ains 1- 4,
wherein the sp'edwtaions egadnsushd augdEt450 umhee data as measured by

-13-  nunber s 095,04 BLS0RA a&dtﬁg'éaalm@rqgé L 9280k | Hr2bfhdilg GR! ane

ignition inprover concentration Is neas I’n the spectral “region of
1600- 1700 wa\Absathassesvalges Witk apkdgetane avghered in any one of clains 1-4,

wher ei nip he spectgalerh€Mig0l st 36014890 \eNE 1&@Mﬁe£@fon09@i/§{t§| £
process streans wth wi de range of cetcﬁ gt%& ers. The net hqod, as

clained in aff287t %f Tie FPRECTE 85 AHUPES 81 Said heATing BEgpPied,
conpri si ng thadst eps of: training the neural network on the entire data

set‘by repeat ed preient at hon of..i.n ut s fles nto.vﬂ put Qgts | t he near

infla-red data fofPH Pré“%as%%?? adrluﬁs IS cetane nubers eetg?’ﬁkthe

- relationship digpwetém toeneanoinfyadretbspeairiangtdkes walefrorimamseneof its
predi ctions agaiisfonsherdC jhadi16es ARRKIMAPEL ARt RutTeaSUr ed by standard

met hods
The method as claimed in claim 7, wherein the number of layers

of the neural neﬁwork is 2 to 5.
9. The method as claimed in any one of claims 1-7, wherein the
neural network applied has a three-layer or four-layer
20 archiﬁecture.

10. The method as claimed in claim 9, wherein the number of nodes
of the input layer is from 3 to 10, the number of nodes of the
hidden layer(s) is from 1 to 10, and the number of nodes of the
output layer is from 1 to 3. '

i 25 11. The method as claimed in claim 9 or 10, wherein the network
comprises 4 input nodes, 2 hidden nodes and one output node ((4, 2,
1) network).

. 12. The method as claimed in claim 9 or 10, wherein the network is

a (3, 5, 1) network.

13. The method as claimed in claim 9 or 10, wherein the network is

a (6, 6, 3) network.

14. The method as claimed in claim 9 or 10, wherein the network is

(6, 6, 6, 3) network.

15. The method as claimed in any one of claims 1-6, wherein the

set of predictive data are the principal component scores and their
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e' training data, thus correlatlng t he absorbance values with said

: nunber”ul“‘“ﬂﬂ‘mmlluﬂlt set of values of the interconnection

s and bi rk as adjusted after the said |earning

and agpl ¥ |n' these adj usted v 5ues utilizing the network

; thmto near infra-red spectra, takenm“under the same conditions, for
gaso {s of unkno t 8. The a d

whereifn t he nur%ler ﬁ% ?gygrgg{%%eﬁ]éonngﬂ?%qﬁ%g%o?z ﬁse Enit@ EgcglﬂTﬁi‘e met hod
§i med in ahy apdied mllniveriate stahbstionlttrehniqieals MBtRGHR3lappl i ed has
a three-layer Q%m§ﬂﬂﬁlIgﬁg&sggchltecture 10. The nethod as clained in
claim9, wherein nunbei of nodes of the input layer is from3 to 10,
the ngnmber of nodes of the hidden layer(s) is from1l to 10, and the nunber
of nodes of the output layer is from1l to 3.

- 14 i 11. The nmethod as clainmed in claim9 or 10, wherein the network
conpriises 4 input nodes, 2 hidden nodes and one output node ((4, 2, 1)
network). 12. The nethod as clained in claim9 or 10, wherein the network
is a (3, 5 1) network. 13. The nethod as clainmed in claim9 or 10, wherein
the network is a (6, 6, 3) network. 14. The nethod as clainmed in claim9 or
10, wherein the network is (6, 6, 6, 3) network. 15. The nethod as cl ai ned
in any one of clains 1-6, wherein the set of predictive data are the
princi pal conmponent scores and their nultiple |inear regression
coefficients of the I.R spectrumand the applied nultivariate statistical
technique is Principal Conponent Analysis.
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